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LIMITATION S oj space t utde U necessary to omu from this volume some of the nuttenal 

chs uere omitted — one on the Improvement of Subtropical Fruits Other than Citrus by 
Hamilton P Traub and T Ralph Robinson and oie on the chromosomal basis of Aeredify 
(Studies in the Bdianor of Chromosomes) by A F Blaleslee lontubmg member of the 
Secretary s (junmittee on Genetics Both of these artiHa however null be ptMithed in 
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publuhvd unth Ae text of the amdes inAel earhook Separates and a few pages of miscd 
laneous affvailttiral statistics The latter are included in substance in the volume enaded 
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GREGOR MENDEL, the Aiutnan monk who bred peat m the small monastery 

at Brunn, Austria (now Brno, Csechoslovakia), and a pagp of the manuscrytt in uduch^ 
announced,inl868,BiefundanentallamofheTedityhehaddiscooeTed Mendds researches 
attracted no attention untU the rediscovery of his leork in 1900 Then Menddum became 
the foundation /or modem plant and animal breeding 
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IN AGRICULTURE 


REPORT OF THE SECRETARY Ot AGRICOL 
TURE TO THE PRESIDFNT OF THF UNITED 
STATES WASHINGTON NOVEMBER 10 1936 


PROGRESS OF I ARM RI COYFRY 

Four jeai-j aj»o American agriculture was in the depths of de 
pressioii I hough fdim commMity prices had dioppeu to iieaily 
50 pel cent below the pre war aAerage, the prices of the goods and 
sorMces that farmers usually buy were at or vho\e the pre wai level 
Ihis disparity was a ciuse of widespread agnciiltuial luin Faim 
bankiuiitcies were it record heights, dispossessed farmeis ]oined the 
urban uneiiiplojed, and farmeis still struggling could not make ends 
meet Iheie was a tremendous surplus of faim products, yet con 
suiueis were suftenng scarcity Falling faim prices did not help 
them much, because their incomes weie filling too as a result of 
declining trade and employment Ihe whole economic sjstem was 
out of balance 

Since then conditions have changed for the better The improve 
merit has come about in the manner envisioned in 1938 — through 
agricultural price lecovery wnth resulting increased demand for city 
goods Net farm mcome this yeai wrill be three times that in 1983 
^1 groups of farmers and all agricultural regions have participated 
in the recovery though not to the same degree There is still distress 
in some remons, as a result of drought m 1934 and amin this year 
On the whole, however, agriculture is out of the red and making 
piwress toward financial rehabilitation 

']^is improvement has not been accomplished at the expense of other 
economic ^ups On the contrary, it has promoted their welfare 
Consumer buying power has risen with farm incomes, and the average 
employed wage earner can buy more food today than he could at the 
peak of urban prospenty m 1929 Food prices are still 15 to 20 per 
cent below the predepression level In spite of two great droughts in 
8 years the total fooa simply for the current marketing season will be 
withm 1 or 2 percent of what it was m 1935-36 Meat production is 
below normal requirements, but the output of some other products 
has increased, and expoita are relatively low Hence the national 
average per capita consumption of foods has shown little clian^ 
Indu^KU production is 80 percent abo\e the low point of 1982 In 
short, the economic system nas moved toward balance, with larger 
incomes in both town and country, and with profits replacing deficits 
in both farm and city balance sheets 



2 


YEARBOOK, 1937 

Farm recovery began in 1933 promptly aftei tlie adoption of a 
national farm readiustment program, accompanied by revaluation of 
the dollar As the farm income rose, farmers started clearing off their 
debts and taxes They recommence buying industrial grods Re 
coveiy went on at a faster pace in 1934 1935, and 1936 despite the 
handicap of drought Between 1932 and the end of 1934 shipments 
of indurtnal goods to agricultural areas increased nearly 43 percent, 
and shipment of goods used m farm production increased 75 percent 
New car registrations in agricultural States in the fiist half of 1935 
were 147 percent larger than in the first half of 1933 Farmers were 
not monopolizing the benefits of farm reco\crY but were diffusing it 
throughout the country and putting life blood into business What 
nonfarmers had contributed in processing t i\cs and benefit payments 
they sot back with interest IlMiprocilly the levii il of urban trade 
benefited agriculture, and the whole economic pictuie biightened 

The Production Controi Progr4ms 
In the early stages of the faim reco\eiy the production of farm 
commodities had to be restricted so as to induce the surpluses that 
were not moving into foreign markets When drought in 1934 and 
again this year reduced production too diastically some people 
questioned me logic of crop adjustment Scarcity, however, was 
never intended and never approached This countiy s farm produc 
tivity IS so tremendous that recovery from drought comes qmtkly 
Full use of the available acreage noimally means siii pluses \gri 
culture produced as usual in the first yeais of the depression, while 
urban industry reduced its output by neaily 50 peicent 

In bringing their pioduction more neaily in line with demand 
f aimers were simply copying the behavioi of othei gioups when 
faced with ovei pioduction and declining maikets with thi import 
ant difference, however, that only export sui pluses came within the 
farm reduction program As soon as the demand impioved farm 
ers increased tlicir acreage and livestock bleeding Though drought 
in 1934 and 1936 kept the production from using proportionately 
it will rise eventually Both, the farmers and the piesent National 
Government aim at adequate production foi domestic lequirements, 
plus whatever additional supply can be sold piofitably abioad 

Undoubtedly, most Americans want to maintain our agriculture on 
a proprietary landowning, family basis Certainly this Adminis 
tration does It is not desirable to have eithci a peasant agiiculture 
manned bj tenants and laborers or a collective agriculture run by 
the central Government This idea involves certain responsibilities 
Farmers must be permitted to earn a profit a maigin of income 
over expenditures otherwise the family faim becomes bankrupt, and 
either tenancy or Government farming gupen enes 
But if agriculture is to be profitable it must have prices sufficient 
on an aveiage and in the long run to exceed its fixed charges and 
expenses of production , and this is impossible when supplies greatly 
exceed the effective demand Those who object to the rational ad 
justment of the farm output to the firm tiemand practically take 
the position that farmers should produce, without regard for the 
reward obtainable, as long as anyone needs their ciops Needless to 
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gay, production on Uiat basis cannot continue m any business Profit- 
able farming, m short, means farming adiustod to the available 
market If want contmues after that nas heen accomplished, the 
remedy is to create more buying power, rather than to compel farmers 
to produce indefinitely at a loss 

Comparison With Ini>ijsthial Production 
I aimers cannot be charged with having promoted scarcity when 
they readjusted their production for export more nearly m line with 
the available market Index numbers of production and prices have 
been computed in this Department, with the 5 years 1^6 to 1929 
taken as 100 Faim production was 100 in 1930 and 106 m 1981, from 
which point it declmed moderately to 90 m 1934 and 1935 Indus 
trial production fell year by year after 1^9 until it reached a low 
pomt of 66 m 1932 Thereafter it recoveied gradually until in 1935 
the mdex stood at 82 as compared with the farm prmuction mdez 
of 90 It should be borne in mind that the industrial index mcludes 
the output ot food manufacturers an item which, of course, reflects 
farm production Were this item excluded from the industrial index, 
the contrast between farm and factory production would be still 
moie strikmg Farm production lemained high and farm prices 
relatively low until farm adiustment got under way Industrial pro 
duotion and prices showed the reverse relationship 
Moreover, the farm situation in 1938 was such that reduced produc 
tion would lia\e come about eventually in any case, with or without 
Federal assistance That is the typical end product of low prices 
Usually, reduced production results from drastic competition and 
the elimination of the weaker producers Concerted action after 
1933 enabled the vast majority to survive But this procedure did 
not reduce production more than it would have been reduced eventu 
ally by the other process, and it prevented deterioration of the 
agricultural plant through farm abandonment 
Looking back over the last 4 vears ne can see that despite the 
droughts we have advanced toward balanced abundance Four years 
ago our factories were producing below and our farms above con 
sumer requirements, with both branches of production losing heavily 
Today w e have a forw ard movement m both town and countiy Farm 
recovery has reanimated urban life w ithout hurtmg any group The 
disparity between urban and rural production has neen substantially 
removed, likewise the disparity between farm and nonfarm prices 
lhat the lesults liaie b^n beneficial everyone can testify from 
his own expel lence Our highei national income, oui inci eased 
emplo\ment and the iiicieasc that Ins taken place in the money 
value of Ixith amcultuial and industiial assets show that recoveiy 
has been general 

FARM INCOME AND BUYING POWER 
This Depaitment makes available two senes of faim income statis 
tics One senes records cm rent receipts from sales plus AAA 
pajrments, and the other shows the estimated gross income from the 
prrauction Farmers’ receipts from sales plus AAA payments in 
1936 will probably reach $7,860,000 000, or about 11 percent more than 
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the corresponding receipts in 1936 This fignie is 81 peicent more 
than the farm mcome of 1932 and only 25 peicent less than that 
of 1929 Table 1 shows the decline that took place fiom 1929 to 1932 
and the subsequent steady recoA ery 


Table I — (Jumges in income from 1929 to 1936-37 



It Will not be possible to indicate in detsil the gross income from 
the farm production in 19 lb until well sloiig in 1037 when the 
marketings will be more neai ly completed It pi ob ibly will appi oach 
$9^00 000,000, as compaied with $8,508 000 000 ticui the pioduction 
of 1936 It represents a total advance of ibout $3,900,000,000 or 
72 percent fioni the low point of 1932 but it is ibout $ i (kX) 000,000, 
or 23 percent, below the figure foi 1929 Gioss income in that year 
w IS 17 peicent higher thvn in 1934r-35 ind 69 piuint Inghci thm in 
1932-33 It AA IS 71 percent of the 1929 30 tot il 
Net income lemaining to fiinieis iiiciciscd iftei 1933 pioportion 
ately moie than the gross income because f iiiii commodity prices rose 
more than production expenses and othei ehiiges After paying 
current production expenses, allowing for the dejn edition of build 
mgs and equipment and deducting rent.inteiest taxes ind the wages 
of hiied labor, the income available to faim opciatois for their labor, 
capital, and management from the pioduction of 1936 was $4,538, 
000,000 This miy be compared with $3 467,000,000 in 1934 and 
$1,492,000,000 in 1932 Wheieas the me lease in the gioss income 
from 1934 to 1935 was only 17 percent, the incicasc in the income 
available to farm operators was 31 peicent It Avill be noticed that 
it was more than three times as large as in 1932 Moreovei, much 
of the expenditures foi production items in 1935 went foi machinery, 
buildings, and repairs which are in the natuie of peimancnt im 
provements Farmers’ expenditures foi c ipital items in 1935 approx 
imately equaled the estimated depreciation of then building and 
equipment, foi the first time since 1930 

Exchange Value of Farm Products 
Another index of the farm position is the i atio between prices re 
ceived and prices paid by farmers Farm comiiiodity piices have 
risen more since 1983 than the prices of nonfirm goods and services 
Previously the trend had been m the opposite diiection In Maich 
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1938, with agricultural prices only 66 percent of the pre-war average, 
nonagncultural prices were still at percent of the pre-war level 
Farm products m 1935 averaged 108 percent of pre war prices, while 
nonagncultural pnces had nsen to 125 percent Farm pnces had 
gain^ on nonfarm prices, but had not attained pre war parity This 
ratio indicates the exchange value of farm commodities or their umt 
purchasing power The index of farm commodity purchasing power 
was 66 percent of pre war in March 1983, 73 percent for the year 1934, 
and 86 percent for the year 1935 By August 1936 it had climbed to 
98 percent 

The purchasing power of farm commodities is not identical with 
the pui chasing power of the farmer It indicates what a given 
quantity of farm products will buy, but not what the total vmume 
will command A closer estimate of the farmer’s purchasing power 
can be derived from the ratio between the cash farm mcome and the 
pnces that farmers have to pay for goods and services With prices 
paid by farmers m 1936 equm to 80 percent of what they paid in 1929, 
the 1986 cash income of $7,850,000,000 is equivalent to $9,800,000 000 
in teims of 1929 nonfarm prices Otherwise stated, the purchasing 
powei of the cash farm income in 1936 wdl be only 7 percent less 
than that of 1929 As compared with the purchasing power of the 
cash farm income in 1932 it represents an increase of 60 percent 
Moi cover, agricultural debt charges, taxes, and wage costs were lower 
in 1936 Allowance made for this additional factor would give an 
agiicultural purchasing power still closer to that of 1929 

Ceitain aspects of the distiibution of the farm income should be 
noticed Cash income from meat animals in 1935 exceeded the corre 
spending hgure for 1932 by 73 percent, and in the first 7 months 
of 1936 it adv meed 27 percent over the total for the correspondmg 
period of 1935 Fiom dairy products m 1935 the cash income was 
30 percent more than in 1982, the income fiom poultry and eggs was 
46 percent more These industries made small additional gains in the 
first 7 months of 1936 From grains the cash mcome in 1935 was 61 
percent moie than in 1932 ind from cotton 46 percent moie Fiuits 
and vegetables recorded a 41 percent gain Income from maiketmgs 
of all Cl ops was 86 percent greater in the first 7 months of 1936 than in 
the corresponding peiiod of 193o These percentages do not include 
the AAA payments 

With marketings and benefit payments included, the total cash 
income from grams in 1936 was 133 percent larger than m 1932 
From cotton it was 77 percent larger In the first 7 months of 
1986 the total cash income from marketings with AAA payments 
included was 17 percent more than m the corresponding ^riod of 
1985 though the A A A payments were considerably smaller 

Regional Percentages Vary 

Regional percentages of gam in 1935 ovei 1932 range fiom 33 
percent m tne North Atlantic States to 81 percent m the South 
Atlantic States Mainly the regional differences reflect the different 
pnee behavior of various commodities, but the afteimath of the 
1934 drought was a factor also Proportionately less gam for the 
dairy regions than for other regions was a natural consequence of the 
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fact that the dairy regions had suffered less m the early years of the 
depression , but for the opposite reason the gram growing areas show 
a relatively large increase, though reduced marketings have tended to 
offset the price gams 

Each Of the principal agricultural regions, except the South Cen 
tral States, showed an increase m mcome m the first 7 months of 
1936, as compared with the corresponding peiiod m 1936 In the 
South Central States, where smaller Government payments ofeet an 
mcreased return from marketings, the mcome was approximately 
the same The gams m the other regions ran^d from 14 percent 
m the North Atlantic, South Atlantic, and Western States to 23 
percent in the West North Central States 

Accurately to measure the lespective mfluences of the factors re 
sponsible for the recovery m farm incomes is difiicult if not impos 
sible Mainly the impiovement reflects price gains, supported by 
increased consumer buying powei Factors m the price gam include 
the revaluation of the dollar, the AAA ad]ustment programs, the 
reduced production caused by the 1934 di ought, and the liquidation 
of surpluses In 1936 mcreased marketings weie a factor in the 
mcome gam Farm prices m the first 7 months of the year averaged 
slightly lower than m the corresponding months of 19)5 In the 
later months, however farm prices advanced as a lesult of the 
drought, and for the full year the farm price aveiage will probably 
exceed tnat of 1935 

In estimating the prospects for the longer future the most basic 
factor IS the level of consumer incomes Broadly, the mcome of agn 
culture varies more closely with the national mcome than with the 
level of farm prices It is encouraging to note that the money mcome 
of the nonf vrm population m August 1936 averaged 13 percent more 
than m August 1935 and 32 peicent more than m the corresponding 

E eriod of 1933 With their unproved mcome consumers were able to 
uy 7 percent more food and 12 peicent more of the other items m 
their budget than m the previous year, but 6 and 11 peicent, respec 
tively, less of these items tnan m 1929 Earnings per employed worker 
have more than kept pace with food prices Needless to say, farmers 
as a lesult of then mcome guns tin deal moie effectively uitli 
the consequences of the 19)6 di« light tliaii they could vith those 
of the drought of 1934 

Farm PRicts ard tui Consumer 

Effects of the drought on the cost of living v di probably be similar 
to those produced by the drought of 1934 From ciop data available 
m September it was estimated that for the 1936-37 season food sup 
plies m general wdl be about 3 percent below the 1935-36 level, al^ut 
1 percent below the level of 1934-35, and about 6 percent below the 
1926-29 average Certain vegetables, particularly potatoes, wiU be m 
short supply The output of f nuts and vegetables and of dairy prod 
ucts will be lower, and after the turn of the year the supply of meats 
vill be reduced This will result m higher meat prices to some 
extent offset by seasonal declines m other food puces In the com 
parable situation after the 1934 drought, retail food jpnees as a whole 
m the first half of 1936 averaged about 11 percent higher than they 
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did during the first half of 1984 Food constitutes only about one 
third of total living costs, hence an increase of j say, 10 percent in the 
cost of food tends to produce a rise in total living costs of only about 
8 percent 

Analysis of the trend in nonfarm income indicates that consumers’ 
mcomes in the first half of 1937 will mcrease at least as much as the 
cost of livmg In other words, the purchasmg power of corsumers 
pnerally, in terms of goods and services, will not decline Had there 
been no drought, it would have increased , and the foregoing remarks 
do not signify that consumers can regard with indifference the great 
change produced by the drought in the supply situation But the 
main effwt wdl be temporarily to arrest a gain rather than to cause 
a drop in the real income of consumers Wage earners actually 
employed could buy with their u ages more of tfe necessities of life 
m the summer of 1936 than they could in 1929 because retail prices 
weie lower on the average In terms of foods the purchasing power 
of emplo-yed wotkers actually advanced after 1929, wlien farm prices 
began falling It remained above the 1929 level and leached a new 
high point m 1936 

In total purchasing power the position of city workers deteriorated 
during the first years of the depression Pay rolls declmed, while 
many nonfood items m the family budget remamed unchang^ In 
1934, 1936, and 1936 howevei. nonfaim labor incomes increased 
These incomes for the first half of 1936 aggregated $23,49^000,000, 
as compaied w ith $19 617,000,000 m the first halt of 1933 More men 
were engaged m manufacturing in the summer of 1936 than at any 
previous time in the last 6 years, in July industrial production was 
108 percent of the 1923-26 average, the highest point reached since 
November 1929 According to the seasonally adjusted index of the 
Federal Reserve Board the July industrial production was 83 percent 
above the low point to which it fell in March 1933 Ihe relatively 
small rise in the cost of living which will be the inevitable consequence 
of the drought will be substantially offset by recovery in urban 
buymg power 

OUR NATIONAL AGRICUITURAL POLICY 
It is commonlj belie\ed that the United States neiei had a truly 
national agricultural policy until after the World War, but the coun 
try has always had a national aOTicultural policy In the period of 
westwaid migration, of rapid land settlement, and of ruthless ex 
ploitation of natural resources, the pohcy was negative It was 
mainly one of nonmterference with the private appropriation of land 
for use or misuse Despite its laissez faire character, we cannot call 
that procedure a mere lack of pohcy It expressed a definite philoso 
phy and, indeed, a definite program It was what the dommant 
forces in the country wanted and what the majority of the people at 
least tacitly accepted Our national agricultural whey m the nine 
teenth century reflected the belief that national welfare could best be 
promoted through indmduahsm and unrestricted competition 

For a long time this theory apparently stood the test of practice 
With abundant land, an open frontier, and a relatively sparse popula- 
tion, the quickest way to increase pioduction, and therefore wealth, 
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was to get the resources into private hands Occasionally production 
overshot the market , but the resultmg depression did not last long 
and did not shake the country’s faith in the exploitation program 
Various admimstrations encouraged farming, lanching, lumberm^ 
and other land uses through homestead laws, ^a/ing piivileges, land 
grants, favors to transportation companies, lenient taxation, and irri- 
gation Few looked forward to the closing of the fi on tier and to the 
ruthless competition that would ensue Most people seemed to think 
the policy that had been adopted could be continued indefinitely 

As a matter of fact, as most ^ple now peiceive, the exploitation 
policy created pioblems that today necessitate a conservation policy 
Recklessness in one age inevitably imposes prudence on the next 
There are sharp contrasts between the agiicultural news and pio 
grams that dominated the nineteenth century and those that shape 
our agricultural policy today But the contiast does not mean that 
the present has broken with tne past or that tradition has been shaiply 
wrenched from its natural path On the contiaiy, it signifies that 
cause and effect have operated noimally The new agi icultiiral policy 
IS the direct result of the old one and of the conditions and problems 
which the old policy created As the occupation ot the continent pro 
ceeded, the expansion progiam ran out of mateiial It ran out of 
land and forc^ the land hungiy into submaiginal fuming, destruc 
tive gracing practices, and forest devastation L uid chai ges accumu 
latea on the oldei settled land and diove ptoduceis into ovorproduc 
tion Exploitation, in short, created the need foi conbei\ation, and 
simultaneously excessive competition genei ited i need foi collective 
regulation It is because our forbears went too far in one direction 
that we must now move in another 

No Bkcak With Lvolutionary Trexd 

In the transition from the old to the new agiiciiltuial philosophy 
there is no sudden break with the evolutionary tieiid, and no capricious 
improvisation of new doctrine On the contrary, the link between the 
old exploitation and the new conservation, and betw een the old unrcg 
ulated competition and the new principle of coopeiatne adjustment, 
IS direct and close Perhaps the authors of the exploitation program, 
were they here today, would disown their offspiing, but the parentage 
can be demonstrated After the sjiendthrift has wasted his money he 
must begin to save, after a country has squandeied its natural re- 
sources it must learn to husband what remains Our national agri- 
cultural policy since the World War has been ciiticized as confused 
and uncoordinated, but study of it will reveal a logic il and indeed 
predestined course 

Thus the Federal Farm Board came into existence to handle sur- 
pluses left by wartime and post war expansion The McNaiy Haugen 
plan, though twice vetoed, stamped its mark on subsequent legislation 
as a first approach to the problem of the export surplus The AAA 
progiams were an emergency effort to substitute concerted for hap- 
hazard crop adjustments in a catastrophically falling market and to 
bring agriculture abreast of urban mdust^ in the regulation of pro- 
duction The new Soil Conservation and Ekimestic Allotment Act, 
though weaker in crop-adjustment power than the measure it replaced, 
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had the ^reat merit of launching a positive attack on the dual prob 
lem of soil destruction and unbalance cropping In varying degrees 
all these approaches to the agricultural problem betokened a natmnal 
recognition of the fact that modern problems cannot be solved by 
ancient formulas, and that a^icultural policy today is necessarily in 
large measure the opposite oi what it was in the period of the open 
frontier 

Agricultural policy draws its inspiration not from the accidents 
of politics but from tundamental economic changes In the shaping 
of American agiicultural policy we can ^stmguish two great con 
trolling forces, each of recent origin Fust of course, is the dis 
appearance of the open frontier and the resulting pressure of popu 
lation on the resources available with its threat of soil wastage and 
soil destruction Second is the world wide growth of economic regu 
lation, not only m trade but m production Governments are assum 
mg gi eater and greater responsibilities for the regulation of com 
meice both domestic and foreign, and industry is beaming cartelized 
throughout the world Into an economic system of that kind, a 
purely competitive, wholly unregulated agriculture will no longer fit 
these two gieat forces seem destined to exeit an increasing influence 
which will express itself in legislation and policy no matter what 
political party may bo in power Modem agricultural policy m the 
United States is not the arbitrary invention of an economic group 
with a special inteiest to promote but is a natioinl response to 
an altered economic woild It is not merely an ittempt to dcil 
with tempoi iiy evils but i piofonnd iead]ustment tt i>eiin inently 
changed conditions 

I 4NDMARKS IN AGRICULTURAL POLICY 

It IS Intel esting to recall the contribution of the past to present 
agricultural policy In 1862 Congiess passed the Morrell Act, pro 
vidmg Federal giants of land to the States for the establishment of 
colleges m agiiculture and the mechanic arts Aftei half a century 
of piogress in agiicultuial technology agiicultuie began to demand 
economic guidance Accordingly, this Etepartment dei eloped exten 
sive and varied economic services m which research w is combined 
with the regulai gatheiing of crop and market data, and with nu 
merous related services sum as commodity grading and standardiza 
tion, and shipping and receiving point inspection In 1921 these 
and other activities weie concentrate in the Bureau of Agricultural 
Economics In 1922 Congress passed the Capper Volstead Act, giv 
mg legal recognition to the nght of farmers to oiganize coopeiative 
associations for the marketing of their products In 1927 and again 
m 1^8 Congress passed the McNary Haugen legislation though each 
time the legislation encountered a Presidential veto Then came the 
Agricultural Marketing Act of 1929 and the creation of the Federal 
Farm Board In 1938 the Agricultural Adjustment Act with its 
provisions for processmg taxes and cooperative crop adjustments, 
went into effect and remained in effect until the United States Su 

g reme Court mvalidated it m January last, through decisions m the 
[oosac Mills and nee millers’ cases Throughout the entire penod 
covered by this bnef review Amencan farmers manifested an m 

138904°— ar 2 



10 


YEARBOOK, 1937 

creasing tendency to effect organization and also to look to the 
Federal CKiTemment for aid m solving their economic problems 
Because of the adjustments made under the Agricultuial Adjust 
ment Act during the last 3 years and because the drought helped to 
liquidate certain of the surpluses, the present program under the Soil 
Conservation and Domestic Allotment Act is well fitted to piesent 
needs Farmers recognize that, while this agiicultural conservation 
program will be of immediate help m stabilizing supplies through 
the encouragement of more extensive uses of land, the program itself 
IS not a direct production control measure A return to normal 
weather conditions would revive the pioblem of agricultural sui 

? iluses I am inclined to believe that fanners understand what con 
ronts them in the future and that they will look forward to making 
use of the method of meeting the problem of sui pluses which the 
Supreme Court left open to them Ihe Soil Conservation and 
Domestic Allotment Act coiitams a provision which will fiuhtate 
this step in 1938 should faimeis decifie to meet tlitir supply problem 
through cooperation of the States This piovision is, of course, the 
direct descendant of the invalidated Agiieultuial Adjustment Act, 
and pieserves some of the ideas contained in that measure, as well 
as some of the principles developed in the applieation of the AAA 
programs It would be well therefoie, btiore examining methods 
and results under the new 1 iw to glance hick at tlie legacy biqueathcd 
by the A V A 

AoRicuLTonvi Adjustment Act 1 fifciivl 
It is evident, fiom the impiovement that took place in the position 
of agriculture between 1932 and 1935, that the Agricultural Adjust 
ment Act forwarded its mam purpose This was to eliminate the 
crushmg surpluses that had piled up previously and to raise farm 
incomes immediately through various measures calculated to support 
prices From 1932 to 1935, the period during which AAA pro 
grams were m effect for cotton, whi at, tob icco, com, and hogs, the 
combmed farm cash income from these commodities inci cased 90 



farm products the cash income increased fiom $3 012,000 000 in 1932 
to $4507,000,000 in 1935 In 1932 the largest farm population in 
the Nation’s history had the smallest faim cash income rejiorted in 
the 26 years for which records are available The turning point came 
with the adoption of the Agricultural Adjustment Act, though this 
measure was onW one of the factors responsible for the agricultural 
improvement Dollar revaluation, business recovery, credit rehef ex 
tended through the Federal Farm Credit Administration, and other 
influences contributed All these influences combined gave farmers 
in 1936 a cash mcome available for living laiger than in any year 
smee 1929 They had to pay somewhat more for gootls and servrees 
in 1936 than they did m 1932, but with allowance made for that, the 
purchasing power of the farm cash income m 1936 was still 35 percent 
laimr than it had been m 1932 

'file great drought of 1934, which cut our production of fecdstuffs 
m half, necessitated modifications in the AAA program so as to 
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encourage production of emergency feed crops that year and to pro 
vide for certain increases in production the next It became ad- 
visable also to work toward a better coordination of the various 
commodity progiams and to provide for gi eater regional and area 
difierences so as to promote good farm management and go^ land 
use Certam shoitcomings had developed in the emergency applica- 
tion of the programs, notably a tendency to fix or freeze production 
in the histone mold, without proper regard for the changmg re 
quirements of different areas But the crop adjustment programs 
had shown themselves to be useful m promoting soil conservation 
and good farming They fostered some shift from soil depleting 
cash crops, such as cotton and wheat and com, to soil building crops 
such as grasses and legumes 

To strengthen and develop this favorable tendency, the AAA, 
working with the State experiment stations and with other branches 
of this Department, launched studies in regional planmng and modi 
fied its crop adjustment contracts with farmers It began to place 
less emphasis on flat percentage changes m production and more on 
differential adjustments to the requirements of local as well as of 
national conditions In this way the AAA developed principles 
which found continued application when the mvahdation of process 
mg tax and production control provisions of the Agricultural Ad 
justment Act led Congress to pass the Soil Conser\ation and Do 
mestic Allotment Act Under the AAA the primal y objective 
was production control, with soil conservation a secondary though 
increasingly important object Under the new law soil conservation 
becomes the primarv aim, with some crop adjustments coming as a 
byproduct Ih’ob'ibly in a period of good crops and high yields the 
degree of crop control attainable under the new measure will not be 
adequate, but for the time being it works for a better crop balance 
The emphasis it puts on grass and legumes has the double advantage 
of making our agricultural system less intensive, while at the same 
time conserving 'joiI wealth 

Methods Under New Law 

Under the Soil Conservation and Domestic Allotment Act the 
Federal Government in 1936 made grants to farmeis cooperating m 
soil conserving and soil building programs It did not make u&e of 
contracts Coopeiating farmers simply planned their operations in 
line with definite soil conservation standards, worked out with pro 
ducers, soil specialist^ and State agiicultuial leadeis They obtained 
their grants after officials had checked the performance with the 
standards For this purpose Congress made $470,000,000 available 
for the year, the goal for which was to have 180,000,000 acies in 
soil conserving crops as compared with 100,000,000 acres in 1930 
Though the program for the year was nation^ in scope, the country 
was oivided for admimstrative purposes into five regions — ^the north 
eastern, the east central, the southern, the western, and the north 
central — and the practices for which payments were made and con 
ditions which had to be met were varied so as to meet the particular 
needs of the farmers in each region 
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After January 1, 1988, the program will enter upon a State aid 
phase, m other words, the Federal Qovemment thereafter will make 
soil conservation grants, not directly to mdividual farmers, but to 
the States for distribution to cooperating farmers The Soil Con 
serration and Domestic Allotment Act sets up five objectives 
Preservation of soil fertility, diminution of soil exploitation, promo 
tion of the economic use of land, the protection of rivers and harbors 
against the results of soil erosion, and the attainment of parity mcome 
for agriculture Power to promote the last named object will not 
be available until the State aid phase of the act goes into effect but 
economists and farm management specialists aie already studying 
the means by which it may be used, provided it is needed 

Soil conservation and good farm management were important 
objectives under the AAA programs As expeiionce showed the 
need, the AAA modified its original requirements so as to give 
contracting farmers more scope in combining their various crop enter 
pnses in harmony with the national crop adjustment programs and 
more mcentne to protect and restore soil values In the north 
central region for example, from two thirds to three fourths of the 
acreage diveited from com wheat, cotton and tobacco went into 
legumes and grasses This diversion, though of a temporary nature, 
was a good ^ginning m cooperative soil consei\ation It was the 
first large scale effort to correct the bad effects of ( Topping practices 
developed in the wartime and post war booms when much land not 
suited to continuous intensive cultivation was bi ought under the 
plow In the South f aimers were allowed to incicaso their acreage 
and production of food and feed crops, which meant an incicaso in 
the farm standard of living 

The necessity for soil conserving practices was long oveidue Soil 
depletion had character i/ed Amencan agiicultuie lor decades, and 
the overcropping which took place during and after the World War 
made matters worse 1 hough the demand for farm produc ts declined 
m the twenties, and though farmers had apparently a strong motive 
to alter their cropping systems, the acreage of cultivated soil deplet 
ing crops continued to increase Burdened with debt iiul driven by 
low pnees to seek compensation thro^h moie and more production, 
farmers kept on mining the soil The AAA enabl^ them to 
adopt a better course With higher prices and benefit payments in 
view, they could begin to think of their peimanent, as well as of their 
immediate, mterest in the land and to some extent ( ould stop selling 
the fertility of the soil piecemeal with the crops at low prices to 
foreign countries 

IlFSCVrCH AND DEMONSTRATION AUTHORIZED 

The soil problem received special recognition when Congress pissed 
the Soil Conservation Act of 1935 which provided for a general 
program of research and demonstration to bo conducted by the Soil 
Conservation Service in cooperation with the State experiment sta 
tions and with farmers Broadened and amended a'^r the Hoosac 
Mills decision, the measure evolved into the Soil Conservation and 
Domestic Allotment Act This act recognizes a social as well as an 
individual interest in soil conservation and provides the mdividual 



13 


THE YEAR IN AGRICULTURE 

farmer with means to advance both interests simultaneously It 
facilitates a concerted effoit to correct tiie grave mistakes that have 
been made in the past, and paiticularly since the Woild War, in the 
use of farm land 

Much of the land that came under the plow foi the first tune 
duiing and after the World War lies in the western Great Plains, 
and cannot be expected in normal circumstances to give profitable 
yields Moreover, it is extremely subject to wind eiosion In the 
older cultivated regions, especially m the Com Belt and South there 
IS heavy overcropping In the Com Belt, according to a report of 
the National Resources Board, oveicropping is a major soils prob 
lem, particularly on the erosible land along the eastern edge of the 
sand hills, the plains of southern Nebraska, and the hilly areas 
of southern Iowa, northern Missouri, and western Illinois Over 
cropping in this area is damaging more than 36,000,000 acres of 
farm land Besides exposing the land to erosion, it is making soil 
haider to work, leducmg the plant food content and exposing land 
to increased danger of drought Erosion and the drastic depletion 
of soil fertility due to oveicropping are common throughout the 
South, and erosion is far from unknown in New England, even 
though much of the faim land is alicady in soil conserving crops 

What IS happening to firm linds throughout wide aieas may be 
indicated by the results of expenments on the histone Morrow plots 
at the University of Illinois One comp ii atively level plot which 
had been continuously in corn and oats foi 23 years lost 4 tons of 
humus per acre, and yields steidily declined another plot, on 
which coin, oats, and clovei wcie lotated, and on which fertilizers 
were applied, the soil let lined 14 tons more of orginic matter per 
acre than did the soil of the coin and oats plot Studies in Ohio 
levealed th it during the 1 ist 60 years the adoption of better varieties, 
better seed ind scientific methods for the control of insects and 
plant pests merely balinced the dowm aid trend in the average 
productivity of the soil In other words, moie than half a century 
of applied science showed no net gam Wause it did not include 
effective soil conservition Compaiable studies in Iowa demon 
strated that present farm piactices will not maintain the fertility 
of the soil and contiol eiosion, md that iii order to do so it will be 
necessary to i educe the corn acieage considerably On rolhng land 
the majoi pioblcm is soil washing Land ciopjied contmuously in 
corn, in soil tests at the University of Missouri, lost seven times as 
much soil as land planted to a rotation of com, wheat, and clover, 
though the slope was only 4 peiccnt Land kept in bluegrass lost 
only one sixtieth as much soil as that kept in continuous com 

Soil Depletion in the South 

Because of the system of farming followed in the South, the soil 
has been greatly depleted Southern farmers devote a largei per 
centage of their cropland to soil depleting crims than do farmers in 
any other part of the country In the nine States of the southern 
region, with the exception of Florida, the ratio of «oil depleting 
cropland to the total cropland ranges from 76 to 92 percent and 
averages approximately 80 percent The large percentage of clean 
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tilled row crops is a heavy drain on soil resources In acream cot 
ton and com are the principal crops, though there is a considerable 
acreage of wheat in Oklahoma and Texas Cotton and com both 
leave the land comparatively bare m the winter and subject to soil 
erosion The mild climate and the heavy rainfall ag^avate the 
problem 

In 1936 the nme States shifted about 13 million acres from soil 
depleting commercial crops to soil conserving noncommercial crops 
This was more than 40 percent of the* total acreage so diverted m 
the United States Soil conservation in the South calls for a rela 
tively large percentage of diversion But the dense farm popula 
tion and, in recent years, the low price of cotton have made the 
operation difficult Eleven million people, or one third of our farm 
population, live in the nine States included m the southern region 

Prior to 1936 this situation was alleviated to some extent by the 
agricultural adjustment programs, which embcxlied a number of 
soil conserving features , and in 1934 and 1986 about 14 million acres 
normally in cotton was shifted to the production of food and feed 
crops, and to crops that conserve the soil The acreage of soil 
conserving crops m the South in 1936 was the largest on record 

In setting up the soil conservation program in the western region 
it was necessary to take into consideration a great diversity of crops, 
of types of f ai ming, and of farming practices This region comprises 
Arizona California, Colorado Idaho Kansas Montana, New Mex 
ICO, Nevada, North Dakota, Oiegon, Utah, Washington, and Wyo 
ming In the more humid areas the major problem is that of prevent 
mg erosion by n ater, while in the Great Plains erosion by wmd de 
mands attention The so called dry land area rcmnres special safe 
guards Iirigation farming has its peculiar problems In parts of 
Oregon, Washington, and northern Idaho summer fallowing enters 
into the system of farming and calls for appropriate conservation 
practices Li certain areas payments Mere made for contour cultiva 
tioUj and particularly foi contour listmg, which tends to check 
erosion by both wmd and water Where wmd erosion is serious, strip 
croppmg and stiip fallowmg were encouraged In three States pay 
ments Mere made for the use of lime or gypsum m soil building, and 
m States where noxious weeds are very pre^ alent, weed control meas 
ures weie legirded as a soil building pi ictice 


Organization for the Program 

The organization set up for carrymg out this year’s program re 
tamed the prmciple of farmer coopeiation, wluch had been imveloped 
imder the A A A programs in 1934 and 1935 As a coordmatmg 
body between the Fedei^ Administration and local bodies there was 
established for each State a State agricultural conservation commit 
tee This consisted of from thiee to five members, appomted from 
more or less distmct type of farming areas The State committees 
generally exercised advisory and supervisory functions They as 
sumed the responsibility for checking the work of the counly com- 
mittees m establishmg bases for supervising the checkmg of perform 
ance by cooperatmg farmers and for reviewing county expenditures 



I HE YEAR IN AGRICULTURE 15 

and program disbursements They were also responsible for the rela 
tive cost, operation, and the effectiveness of the programs 

Within the counties the organization was similar to that estabhshed 
under the earlier AAA programs Hach county had its county 
and community committeemen, all of them farmers These commit 
teemen weie elec ted by thur neiglibors in each township or other simi 
larly defined area, to assist program participants in executing work 
sheets and in planning their farming operations in Ime with conser 
vation standards Al^, the township committeemen helped, at the 
end of the season, to check performance and to certify the claims of 
cooperatiim farmers for Federal grants l^sponsibuity for super 
vising and coordinating the work of the various community com 
mitteemen, for reviewing program forms and documents, and for 
making final recommendations foi the ad]ustment of individual “soil 
depleting bases” within the presented limits for the county, rested 
with the county committee, which accordingly had authority to in 
vestigate local problems Educational work necessary in the ex 
planation and application of the programs was under the direction 
of the State agiicultural extension services, which also were given 
la^e administrative duties in the West and South 

In determimng an individual farmer s contribution to the national 
soil conservation goal and therefore establishing the amount of his 
claim upon the grant funds available the starting pomt was the soil 
depleting base Cropland uses were divided into two major classifi 
cations, soil depleting and soil conserving Among the soil depict 
ing crops may be mentioned corn , small grains harvested for ^in 
or hay, or seeded alone and pastured, annual grasses pastured or 
harvested for gram or hay soybeans, cowpeas, and field beans if 
harvested for grain, the sorghums, potatoes, commercial tiuck and 
vegetable crops, sugar beets tobacco, and cotton In the soil con 
serving category were included most of the legumes and perenmal 
grasses, soybeans, field beans cowpeas or field peas, if these crops 
were turned under as green manuie, small grain crops if turned im 
del as green manure and followed by soil conserving crops, orchards 
and vineyards interplanted with winter cover crops, acreages sum 
mer fallowed if followed with soil conserving crops The two cate 
gories include many crops not here mentioned Those cited merely 
illustrate the principle After drought conditions developed in June 
and July, the Administi ation authorized many changes and addi 
tions to the crop classifications so as to meet the unexpected weather 
conditions 

For the farm ownei oi operator who planned to coopeiate, the 
county committees established a TOneral soil depleting base, and m the 
South special bases were establiMied for cotton tobacco, and peanuts 
This base represented a normal acreage of the soil depletmg crops on 
the farm, with the total acreage serving as the starting pomt The 
county limit was the ratio of the soil depletmg crop acreage to all 
farm land or to all cropland m the county As representing the most 
normal period for the production of soil depletmg crops m recent 
years, the north central region took 1932 and 1938 as the base years for 
establishmg the county limits, the western and southern regions took 
192&-32, and other regions adopted different base years County 
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committees notified farmers of their prelimmary bases, but these were 
not necessanly final Farmers had the right to appeal for recon 
sideration of their bases, first to the county committee and then to the 
State comimttee This appeal procedure, besides bemg consistent 
with the democratic principle underlying the whole program, per 
nutted the correction of unintentional errors By taking Si pebble 
precautions to have the bases fairly established, the Aininistration 
hoped that they would prove satisfactory not only for the current 
year but for subsequent programs 

Two Classes of Payments 

Farmers cooperating in tlie soil conservation program could qualify 
in 1936 for either or both of two classes of payments, the class 1 or 
soil conserving payment, and the class 2 or soil building payments 
The class 1 payment was available to farmers who diverted a portion 
of their sod depleting base acreage to soil conserving crops or uses 
Farmers weie eligible to receive this payment on any number of acres 
up to 16 pel cent of their general soil depleting bases, up to 36 percent 
of their cotton bases, 30 percent of their tobacco bases, and 20 percent 
of their peanut bases It was deteimined on a per acre basis and 
averaged approximately $10 an acre for the entire country, varying 
qmte widely, of course, with variations in the productivity of different 
counties and of different farms Faimers desiring to qualify for the 
class 2 or soil building payment had to adopt certain approved prac 
tices calculated to restore soil fcitility 

These practices varied in diffeient parts ot the country but ^n 
erally included new seedings of legumes uid perennial grasses, seeding 
of soybeans, cow peas etc , loi green manure, and applications of lune 
stone 111 ceitain diy neas farmers could qualify for small per acre 
payments if they planted rye as a nurse crop for pasture grasses or if 
they sti ip fallowed in such a way as to check wind erosion In some 
areas payments were made for tei racing Tliere was a top limit on 
the total amount of class 2 payments that a cooperating firmer might 
receiie, which was generally the same number of dollars as there were 
acres of soil consei ving crops on cropland on his farm in 1936 Hence 
the larger the acreage of soil conserving ciops on the farm in 1936 the 
larger the soil building allowance A farmei could earn all or part 
of the allowance, in proportion to the extent to which he applied ^e 
recommended practices 

The fai men’s response to the agricultural conservation program 
has been gratifying Although the entire program had to be 
developed after the faigning of the Soil Conservation and Domestic 
Allotment Act on February 29, more farmers applied for work sheets 
or asked for bases to be established than cooperated in the several 
commodity programs under the A A A In general the cooperation 
was about the same as under the A A A in those areas where com, 
cotton, wheat, and tobacco weie the niijoi crops, and much greater 
in those areas where general and mixed farming is found, as, for 
example, in dairy regions like Wisconsin and New England and the 
mixed faimmg sections in California This, of course, was due to the 
fact that tlie new program was much more flexible than the old com 
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modity programs, that it 'was better regionalized, and that each farm 
-was considered as a umt 

As already indicated, the primary aim of the new program is the 
conservation and improvement of the soil, with cr<m control an inci 
dental byproduct With the move next year from a Federal to a State 
aid basis, crop adjustment may become more important When the 
States disburse the soil conservation grants soil conservation and crop 
adjustment may be combined legally In fact, the two principles go 
naturally together There was a steady growth of soil conservation 
under the original AAA programs, and there should be a similarly 
steady growth of crop control when the national program for sou 
conservation gets well advanced For it is obvious that the shift from 
soil depleting to soil conseiving crops answers not only the needs of 
the soil but also the needs of the permanent agricultural marW 

The shift from soil depleting cropSj such as cotton, tobacco, and 
wheat, to soil conserving ciops, including primarily hay and forage, 
may ^ along with an increase in the animil entei puses commody 
using the latter crops, paiticularly the beef and dairy enterprises 
This tendency the present drought partially obscures An increase 
m the relative output of these two enterprises paiticiilaily dairymg, 
appears desirable fiom the national jicint of view But it should to 
recognized that f aimers in the major dairy areas have long followed 
farm practices and ciopping systems of a soil conseiving and soil 
building chaiactei Caie must be tiken not to work a disadvantage 
upon them This piolilem has been attacked by continued efforts to 
secure orderly and stabilized fluid milk maikets thiough marketing 
agreements and older s through the purchase of price depressing tern 
porary surpluses ind then distribution thiough lelief chinnels, and 
through the climinition of cittle infected with Bang’s disease and 
tuberculosis In addition pavment for practices of i soil improving 
character enables these faimers to improve then pastuies and hav 

Long Timf I iiects on Phoduction 

Ihe p^resent phase of di ought ciused shoitage cm only be tempo 
rary Under norm U w eather conditions our igi icultural industry can 
oversupply its maiket, and the natural reaction from the present 
drought will be for it to do so For the moment it may seem prema 
ture to talk again about overproduction but experience proves that 
under blind competition one or two good crop years can pile up 
suroluses 

It will be well to leinember, when overpioduction impends, that 
soil conservation alone is not a sufficient pieventive Soil conserva 
tion practices tend to have more effect on output at fiist than the^ 
do latei In their early stages they reduce the avenge mtensi^ of 
cultivation significantly, and theicforc the tendency to oversupply 
the market Eventually, however, they increase soil productivity, 
it is obvious, moreover, that less intensive cultivation of part of the 
farm area may promote more intensive cultivation of the remainder, 
particularly if tne farm population is excessive Unless the foieign 
as well as the domestic demand for American agricultural products 
levives, the rehabilitation of the soil thiough soil conservation pro 
grams will combine with other factors in the agiicultuial situation 
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to confront the countiy again m the near future with the absolute 
necessity of establishing a good adjustment between production and 
market requirements Permanent agricultural policy should achieve 
soil conservation, consumer protection, and crop control together 

The transition from emermncy crop adiustmenta to a more per 
manent piogram, with good land use ana higher current mcomes 
ranking equally as objectives, began in 1936, nearlv a year before 
the Supreme Court decided tne Hoosac Mills case It started with 
a regional reseaich pioject undei taken by this Draartment m co 
operation with the land grant colleges and the State experiment 
stations 

Farm management specialists had recognized that a shift toward 
less intensive cropping, accompanied by soil conservation and soil 
building would reduce surpluses and at the same time lower the 
costs of pioduction They did not know, howevei, exacts what 
adjustments weie necessary in ciopping systems Neither did they 
know what the effect of specific legional changes would be on total 
production The research project sought light on these questions 

At the same time that it sought the advice of the experiment sta 
tionSj the Department asked taimeis for their recommendations 
It did so through a county planning pioject, which was in full 
swing by the fall of 1936 Committ^s of f aimers were formed m 
2,500 agricultural counties thioughout the United States These 
committees offered opinions on the same questions that were asked 
of the experiment sration specialists They estimated the county 
adjustments apparently necessan in crop and livestock ^sterns to 
maintain soil fertility, control erosion and piomote more efficient 
laim management 

Specialists in the Department and in the State experiment stations 
are summaiizing the results The estimates of the faimers are being 
combined by type of farming areas so that they may be compared 
dnectly with the estimates of the e^iiinent station specialists It 
will then be possible to arrive at final estimates which will com 
mand the agreement of both the farmers and the exroriment station 
group This "sear the farmers’ committees studied the apparent re 
suits of the soil conservation piogram, and offered suggestions foi 
its improvement 

This woik with the farmers and the technical specialists reflects 
the Department’s recognition of the importance of drawmg on the 
knowledge and experience of local groups in formulating national 
agricultural programs Beliance <m local interest and cooperation 
18 more necessary now than ever because the shift from crop control 
to soil conservation enhances the immitance of local knowledge and 
local action There was ccHisiderable decentralization of achnmis 
trative responsibility under the oiiginal AAA programs There 
must be considerably more in planning agriculture on the new basis 
In no other way can the procedure be at once efficient and democratic 

MLTHODS or EROSION CONTROL 
I HIS year’s exceptional weather drew attention forcibly to the need 
for a regional and local, as well as a national, approach to the prob- 
lem of the soil Floods in the Northeast and elsewhere and dust 
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storms 111 the Great Plains demonstrated that in some areas all the 
land should be brought under uniform programs for the control of 
erosion Operations launched under the Soil Conservation and Do- 
mestic Allotment Act moved in the desired direction, but the national 
approach cannot do eveiy thing that is necessary 
There is need also for intensive local opeiations in which each 
farm may be treated as part of a regional pattern \s is well 
known, good soil care on one farm may be counteracted by neglectful 
methods on neighboring farms EflBcient soil conservation cannot 
be promoted merely by the action of individual fanners, it requires 
coordinated effort through entire land use regions 
Reseaich, demonstration, and operations in this field are the spe- 
cial tasks of the Soil Conservation Service, which was established m 
1933 m the Department of the Interior and transfen ed 2 years later 
to the Department of Agricultm e This Bureau coopei ates in research 
with other Federal aimncies as well as with the State agricultural 
expenment stations It coojierates also with the Extension Service 
m the development of demonstration projects and in educational 
matters relating to erosion control Essentially the methods of the 
Soil Conservation Service arc intensive It makes detailed surveys 
and studies the erosion conditions of entire land use regions as a basis 
for specific recommendations and pieventive piactices 
The studies include topographical and contour mapping, eiosion 
surveys, soil analyses, observations of land use practices, and the 
testing of different expedients and practices The demonstration 
projects accomplish three distinct purposes They test various meth 
ods of erosion control, provide demonstrations of the appropriate 
methods, and actually prevent erosion on the particular lands in- 
volved All available methods, such as coirect cropping and rota 
tions, tillage and engineering pt ictices, moisture conservation, and 
pasture and forest development aie applied in combination 
Mistaken land use practices in the United States have caused the 
rum by erosion of some 60,000,000 acres and seriously damaged 
60,000,000 acies more Much aclditional land is in dinger Soil 
erosion injures not meiely the owners or the occupants of the eroded 
lands and their immediate neighbors j its harmful consequences ex- 
tend through whole watersheds and throughout the country Ero 
sion dissipates fertile soil m dust storms, piles up soil on lower 
slopes, covers rich bottom land with poor subsoil, destroys food and 
cover for wildlife, and incieases flood hazards Fuitheimore, it 
causes the silting and sedimentation of stream channels, reservoirs, 
dams, ditches, and harbors, and damages roads, railways, irrigation 
works, power plants, and public water supplies It is a public 
as well as a piivate liability, and it can be dealt with effectiiely 
only by coopuatne endeaior 

Soil Losses Heavy in 1936 

Soil losses from the floods last spring weie tremendous in the North- 
east and in Texas and Colorado Sod blowing in the Great Plains, 
with reduction of the vegetative cover, emphasized the need for a radi- 
cal change in the farm system in certain areas, as well as for compre- 
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hensive soil conserving programs These conditions brought home to 
fanners cenerallTj and to other interested groups, the fact that the 
soil problem has distmct regional and local peculiarities, the treatment 
of which requires methods appropriate to each region and each local 
ity Visible damage left by the floods and dust storms was only a 
fraction of the total damage, but it emphasized the helplessness of 
mdividual farmers in dealing with conditions that affect entire land 
use regions 

Eien in New England, much of which is forest clad or in pasture 
there is pre\ entable erosion Perhaps the most serious and wuiMpread 
damage in 1936 occurred m the cotton States from North Carohna to 
Oklahoma and Texas Overcropping c iiised erosion in the Corn Belt 
and overgrazing and overplovraig were main soil hazards in the Great 
Plains In certain remons the cultivation of steep slopes and the 
practice of setting brush fires did great harm In some localities the 
most urgent need is for engineering work such as terraces, check dams, 
ditches, and ponds, and m all localities there is need for adjustment 
m tillage practices In some areas the problem is principally one of 
clothing denuded slopes with vegetation or of increasing the ratio of 
soil conserving to soil depleting crops Everywhere nowever, the 
problem has local peculiarities which interdict the use of blanket 
method 

In the demonstiation projects 130 of which have been established in 
41 States, the Soil Conservation Seivice begins by marking off a nat 
urally bounded tract about 25 000 acres in extent (There are three 
very large public land projects m the Southwest vnd one m Wyoming, 
but these aie not typical ) Next follow various soil ana farm 
management studies including analyses of cropping systems and 
farm income conditions The results become the basis for a soil 
conservation plan applicable to the demonstration area, to which the 
Soil Conservation ^rvice gives effect by two principal means 

(1) It reaches an understanding with the proper public agencies 
that may be involved , then (2) it enters into 5 year agreemente with 
private landowners Each agreement contains a plan for land use 
and appropriate practices, specifies the assistance to be given by the 
Service and the proportion of the work to be done by the farmer, and 
obligates the ojjerator or owner to maintain foi the 5 year period any 
improvements that may be constructed and also to follow the agreed 
program of croppmg and tillage The Soil Conservation Service also 
draws up land use programs for tlie entire area, including land not m 
farms as well as the land in actual cultivation 

Tet work of this type touches directly only the fringe of the prob 
lem It covers only a fraction of the Nation’s farm land, and directly 
involves a comparatively small number of farmers ^mpared with 
what needs to be done, the amount of erosion control effected is very 
small Research lesults and practical recommendations leach a wide 
audience tlirough the extension services and find application on mil 
lions of farms in the national soil conservation programs Neverthe 
less much remains to be done There is need for cooperation not only 
between the Federal and State agencies but between these agencies 
and local faim gioups 
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Soil Conservation Associations 
Accordingly, besides conducting demonstration piojects and cai 
rying on similar work with Emergency Conservation Work camps, 
the Soil Conservation Service is encouraging soil conservation asso 
ciations, more than 400 of which have been organized already Most 
of them are on oi near areas where there arc demonsti ation projects 
or where Emergency Conservation Work projects are under way 
Membeiship in an association ranges from 10 to 400 farmeis It is 
entirely voluntary, and moat of the associations have adopted articles 
of association without formal organization They have the legal 
status of partnerships for limited purposes Their members agree 
to live up to certain cropping and tillage practices and to cooperate 
in operations requinng concerted effort, such as the ccnstruction of 
terraces, check dams ponds, and ditches 

There is a fundamental relationship between soil oiosion and land 
use practices on both farm and nonfarm land It does no^ suffice to 
checK erosion on farms here and there if other faims neaiby contmue 
to erode Impiopei slope cultivation, with consequent heavy erosion 
may luin a wiiolo valley lower down In other woids the problem 
of preventing soil eiosion is a social as well as an individual prob 
lem, and the soil conservation associations rest on this principle 
Ihe organized f aimers of an entire land use area make a united 
attack on a problem which they could not solve individually 
In tackling the pioblera of the soil, however voluntary oiganiza 
tions of the kind above desciibed hive obvious limitations At the re 
quest of State agencies this Dcpaitmcnt has pi epared a standard State 
conservation distiicts law to seive as a lecommendation regarding 
the nature of appiopiiate legislation which, if enacted by State leg 
islatures, would authorize the formation of public agencies with 
power to enter into agreement with farmeis relating to tiie perform 
ance of appropriate control operations on eroding lands and in case 
of majority vole, to establish I ind use regulations Texas has passed 
such legislation, providing authoiity to wind erosion districts to ex 
pend funds and carry on woik on lands not properly treated by the 
owners In that State 14 conseivation districts have been oi^nized 
Several other States are consideimg the enactment of similar laws 
at the next sessions of their legislatures 
The standard measure provides that proposed land use legulations 
must be submitted to a reierendum of the land occupieis and may not 
be enacted without a favorable majority vote Once approve^ the 
regulations would be binding on all lanas within the district Tnere 
are provisions for notice, hearmg referenda, administrative appeal, 
and judicial review No district could be oiganized without a 
majority m favor of it, and no specific regulation could be imposed 
without a referendum 

Boundaries of the conservation districts would be determined by 
a State soil conservation committee, which could not act, however, 
until a petition had been filed with it by at least 25 farmers and until 
a public hearing had been held The committee would fix the dw 
trmt boundaries by a State plan, drawn up to indicate the Mil, the 
topography, and the types of tanning Once organized, the dis 
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tnct would have the authority to accept funds and services and 
otherwise to cooperate with Gbvemmental agencies in the develop- 
ment of plans and programs for the district 
It would receive an annual appropiiation from the State lemsla- 
ture, and technical and other assistance from both State and Federal 
agencies It would have the power to make intensive studies of its 
temtorj and to contract with farmers for the performance of neces- 
sary control work Wide adoption of this plan would provide the 
opportunity to develop eiosion control operations on an intensive 
local basis as a useful and, indeed, necessary complement to the more 

S erai agricultural conservation progiam instituted under the Soil 
iseri ation and Domestic Allotment Act 

T AND Use and J lood Control 

In the Flood Control Act, which was approved June 22, 1936, 
Congiess recognized the importance of laud use methods in flood con 
trol Floods, of couise, are erosion phenomena They waste soil as 
well as w ater The new law proi ides that Federal investigation of 
waterslieds, measures foi run off and water flow regulation, and meas- 
ures for the pievention of soil erosion on watersheifi shall be instituted 
by the Depaitment of Agiiculture Studies and projects relating to 
the impioiement of rivers and other waterways for flood control are 
the responsibility of tlie War Department “fhe act declares it to be 
the sense of Congress that flood control on navigable waters or their 
tributaries is a proper activity of the Federal Government in coopera> 
tion with the States and their political subdivisions, and that investi 
gations looking to the protection of watersheds are in the general 
welfare Tlius the act emphasizes the complexity of the flood problem 
and points to the necessity for an approach to it from an agricultural 
as well as from an engineering standpoint 

I AND POIICY 

Ir IS coming to be gcncially recognized that the cornerstone of a 
sound national economy is a rational land policy The droughts of 
recent years, with the resulting soil blowing and dust storms, have 
focused attention on the need of long time land use planning Need- 
jess to say, w ind erosion is not the only indication of the need Forest 
devastation, the progress of soil erosion by water, the wide extent of 
submarginal fanning on land unsuited to farming, the growing 
wriousness of tenure problems in many areas, and the prevalence of 
d^ructive cropping and overgrazing are a few of the problems 
which betoken the want of a coordinated land policy Fortunately 
we have made a good start m recent years toward the development of 
a social^ desirable land utilization program 
'^e Kesettlement Administration has begun to acquire poor farm 
lands and to promote their development for other uses It has also 
aided farm people in some areas to find better locations In the last 
Resettlement Adimnistration obtained options on 
9^,000 acres of poor farm land m 207 projects On the bulk of 
this ac^TO the Administration took up the options at an average 
price of about $4 60 an acre Approximately $88,000,000 has been 
already allotted for the conservational development of these landi^ 
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and the undertaking gave employment to as many as 68,000 relief 
workers 

Among the 207 projects 46 were sponsored by the National Park 
Service of the Department of the Interior These will be develop^ 
for recreational purposes The Bureau of Biological Survey has 
sponsored 32 of the prmects for tbe propagation and protection of 
migratory waterfowl The Indian Service has sponsored 31 projects 
to provide more land for Indians The Resettlement Administra 
tion has sponsored 96 projects primarily of an agricultural charac 
ter, though some of them include recreation, wildlife, and forestry 
aspects In its resettlement activities the Resettlement Admims 
tration has approved 97 projects calling for the purchase of 780,000 
acres of land and the buildmg of hcnnes for 13,265 families Funds 
are now available for the construction of 40 of these projects In 
addition there are 43 subsistence homestead communities either 
completed or in process of completion 

As noted elsewhere in this report, the Bureau of Biological Survey 
has acquired considerable land for the preservation and conserva* 
tion of wildlife Prior to 1933 it had purchased 215 365 acres with 
funds appropriated to it by Congress Ihese lands formed the 
nucleus for 11 wildlife refuges, within which however, additional 
lands were needed Since 19^ the Biological Survey has purchased 
considerably more land with emergency funds made available 
through the Resettlement Administration On July 1 about 891,000 
acres in 42 refuge units had been, or were being, acquired at a total 
land cost of $5 359,254 Another important aspect of the national 
land policy is being developed under the laylor Grazing Act, w^ch 
Congress amende<l list yen in important respects One amendment 
enlarged (from 80 000000 to 142000 000 acres) the area of vacant 
unappropriated and unieserved lands of the public domain available 
for the creation of gia/ing districts under the act, which is ad 
ministered by the Department of the Intenor 

Land settlement, as well as the divcision of poor farm land to 
other uses, forms an mtcgral part of the national land policy Land 
settlement or resettlement will doubtless continue as long as we have 
suitable land avail ible Between 1930 md 1935 accoiding to the 
Census of Agriculture, the number of firms in the country increased 
by approximately hair a million This is an indication or the extent 
to which farming has cushioned the shock of the industrial deprea 
Sion Industrial workers have established many of the new farms 
m and near mdustinl centers, but a larger proportion of the m 
crease has resulted from the fact that in the depression years the 
natural increase of the farm population could not find nonfarm 
employment Ihe new farms have developed largely on self suflSc 
ing lines Part time farming underwent considerable development 
Numbers of mdustrial workers acquired small plots near their work 
They produced some of their own food and something to sell besides, 
and reduced their living expenses in other ways Many suburban 
families started small scale farming without moving Some of them 
were able to rent land near their homes This whole movement 
caused the census to classify as farms many places which previously 
It had not so classufied 
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Return Migration to Surmarginal Lands 

Another major tjrjM of recent land settlement is takmg place on 
the poorer farm lands in several remons In these areas, the chief 
of which are the southern Appalawian, the Lake States cut over, 
and the Ozarks, considerable migration and farm abandonment had 
previously taken place After 1930, however, many of the people 
who had gone away returned They had lost their city jobi^ and 
their former farm homes offered them at least a subsi^nce But 
in some areas the pait time nonfarm work that had previously been 
available could no longer be obtained Many lumbering and naming 
mdustnes had coUapsM As a result the rural folk had to depend 
more than ever upon farmmg The number of both part tune and 
full time farmers mcreased Ihuthermore, these areas have normally 
a hi^ birth rate and there was no place for the nsmg generation to 
go to consequence the rate of mcrease in the number of farms was 
greater in these areas than over the country as a whole As a matter 
of fact, there was relatively little new settlement in the better com 
mercial farming areas In some such areas, mdeed, as for example 
m central Indiana and Illmois, the farm population decreased, and 
farms became larger 

This tendency toward an increase m the number of farms m poor 
farm areas mevitably created difficult problems It is not an easy 
matter to start a now farm and get it well established even m ^d 
times In hard times, particular^ where the land is poor and if^ere 
the settlers haie little money, the obstacles are greater Many 
farmers who returned to their tormer homes, or who took up other 
land, found themselves unable to make ends meet 

Small, poor faims inadequately stocked and equipped do not fur 
nish an easy livelihood, and the occupants will be quick to move 
when better prospects appear The Battlement Administration is 
studymg the problem and, where possible, is providing opportuni 
ties for the relocation of farm families on land better suited to their 
needs The creation of new farms in legions of poor land, where 
soil depletion is serious and where the stindard of public services 
IS low, simply means the creation of luial slums ITie new farms 
established m the last few years have commonly been smaller and 
poorer than the old ones, and sufficien*^ additional part time work 
can seldom be had Besettlement alone cannot cure the trouble, 
though it may help More is to be hoped for from the revival of 
mdustry, which will tend to lessen the pressuie of population on the 
land, but unless employment opportunities in industry can be sta 
bilized we shall continue to face the problems created by the periodic 
swings of a large segment of our rural population back and forth 
between country and city, moving cityward in good tunes and coun 
tryward m periods of depression 

The development of bettor land use is largely dependent on the 
improvement of land tenure systems Most people now recognize 
that not all the land should be m private hands Public ownership 
18 better for parks, for various recreational uses, for wildlife refu^, 
and frequently for forests Certain types of grasslands as well as 
forest lands, can be best managed as public property These facts. 
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which scarcely anyone now denies, do not warrant going to extremes 
m the public ownership of land resources They simply indicate that 
the public ownership of land has a place in a good land system, and 
that tradition and custom should not be allowed to block reform 
T'nere are good and bad methods of private ownership Certam 
widely establLhed practices stimulate unwise s^ulation, soil mm 
ing, absentee landlordism, and excee>sively hiM rates of tenancy 
These are not the inseparable and unavoidable results of private 
ownership Methods can be developed which tend to minimize them, 
as the experience of some other countries amply demonstrates Our 
traditional land tenure system has shortcomings which can be 
remedied without changmg its fundamental character But it is 
necessary to recognize that there are different types of land, some 
of which can best be used as private property and some of which 
can best be used in public ownership 

Conditions Pecui iar to Unitld States 
It 13 necessary also to recognize that the tenure practices developed 
in this country are not the only practices available Our methods of 
private owneiship have dei eloped tenancy conditions very different 
from those of some other countries Thousands of our farm tenants 
change their farms every yevr, and thousands moie have only the 
semblance of security in their tenure Few tenant farmers, except 
those who occupy the farms of relatives, can be sure of operating 
their farms for longer than the period covered by the lease, which 
IS generally for only one crop year Moreover, they have no stake 
in any improvements w hich they may make on the farms If they 
keep the buildings vnd equipment in good repair and build up the 
soil through good tillage or the application of fertilizer, or if they 
prevent erosion by tenacing or other methods, they may have their 
rent raised Should they be forced to leave they will not be com 
pensated for the improvements This fact discourages tenants from 
makiM farm improvements and from conserving the soil The new 
Soil Conservation and Domestic Allotment Act is seiiously handi 
ca;^d in its application to tenant farmers by these difficulties 
Other countries have taken steps to reduce tenancy or to cliange 
and improve it and eventually the United States must do the same 
It must face the problem of providmg security for its great mass 
of landless farm people The farm census of 1935 reported about 
^866,000 tenant farmers, whose families aggregated 12,600,000 people 
This was the largest number of tenant farmers ever reported oy the 
census In most States the percentage of tenancy increased aignifi 
cantly between 1030 and 1935 In certain aieas more than two 
thirds of the farm operators are tenants Many of them ft^uently 
shift from farm to farm to the injuiy of the land, to the deteriora 
tion of community mstitutions, and to the decline of their own 
morale Also, our farm population includes several million farm 
laborers, a large proportion of whom lead a migratory life, with 
only casual and uncertain employment This group, as well as the 
tenants, should be considered in our land pohey 
This Department, in cooperation wi^ the Resettlement Adminis- 
tration and other agencies, is studying ways and means of improving 
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ihe tenancy system The problem is national m scope and\o{ tre- 
mendous importance In some areas an acceptable remedy would be 
a more widespread diffusion of faim ownership provided sucn own- 
ership can be protected from the worst vicissitudes of our ecmomic 
life One of the Resettlement Administration’s projects seeks to aid 
1,000 southern tenants to become farm owners Then there are ways 
of improving leasing agreements It should be possible to do so with 
advantam to landlords as well as tenants The problem is to reshape 
our land tenure system so as to promote a type of agriculture cal 
ciliated to conserve the soil to give the cultivator a more secure oc 
cupancy of his farm, to maintain the existing capital investment in 
farm buildmgs and farm improvements, and to promote the develop 
ment of sound rural institutions Moirt of the necessary steps will 
require legisdative action both State and Federal The whole prob 
lem requires statesmanlike treatment 

I \nM I \ND \alues 

Farm land values increased foi the third successive year during the 
year ended March 1, 1936 fhis gam, of course, i effected continued 
improvement m agiicultiiral conditions Not only weie valuations 
hi^er, but the farm land market indicated increased mterest on the 
part of prospective farm buyeis particulaily in the East North Cen 
tral and Pacific States The numbei of farms purchased increased 
considerably With the equities of farm owners rising, loan compa 
mes showed more willingness to finance sales, sellers raised their 
ashng pnees, and creditor agencies found themselves able to dispose 
of more farms Tenants showed a definite inteiest in buymg farms 

This Depaitment’s mdex of the value per acre of farm re^ estate 
rose during the period mentioned from 79 to 82 percent of 
the pre war level Clains were far more general than m either of the 
2 precedmg years All States but two reported some increase Dur 
ing the preceding year only 31 States reported rising values As a 
group the Commit States reported the gieatest average increase, 
nearly 8 percent States in the wheat region and grazmg area of the 
West averaged 5 percent gains The Cotton Bwt Sta^ averaged 
8 percent, the hay and dairy States averaged 2 percent For 11 
States the index was above the pre war basis Four of these States 
were m New England, one m the Middle Atlantic group of States, 
five m the South, and one on the Pacific coast 

There were favorable changes in the frequency of transfer For 
the country as a whole the number of farms transferred as a result 
of debt difficulties was a little smaller than during the preceding 
year, though the decline was not unifoim In fact, m a number of 
StatM such transfers increased For the country as a whole, how- 
ever, forced transfers associated with debt dechned from an esti- 
mated frequency of 21 0 to 20 3 per thousand of all farms The 
number of voluntary transfers showed a definite upturn and reached 
levels comparmg favorably with th<»e of the years imme^ately'pre- 
ceding the depression This gain, though somewhat encouraging. 
cUd not mdicate that a wholly normal farm real estate market him 
become reestablished Creditor agencies still had many which 
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they were anxious to sell Neveitheless, the emergency phases of 
land financing declined in importance 
From the standpoint of the indmdual farmer attention now shifts 
to making ^d on p^resent loans and to securing normal financing 
at reasonabfe cost The Farm Credit Administration is giving sub- 
stantial help Its activities in refinancing, m the defernng of pay- 
ments on principal, in the granting of extensions m facilitating the 
handling of distressed mortgage debts, and in reducing interest 
costs to farmers are impoitant factors in the improvement of the 
farm real estate situation, as well as in the improvement of agri- 
culture ns a whole How effective this woik has been can be seen 
in the decline in the number of farmers who need aid in preventing 
foreclosures and also in the decline in the number of extensions 
granted Also, collections on loans held by the land banks are im- 
proving The important task now is to develop a farm mortgage 
system that will more nearly shock proof than the system that 
existed before the depression 

FORI IGN TRADF IN FARM PRODUCTS 
Farm products paiticipated m the genenl incicise which took 
place during the past nscal year in all branches of United States 
foreign trade This was tiue both of faim imports and farm ex 
ports, in spite of certain distorting influences that tended to enlarge 
the imports and dimmish the exports Chief of the abnormal forces 
was the persistent effect of the 1934 drought and a flight of capital 
into the United States from other countries Generw business re 
covery, together with the influence of the leciprocal trade agreement 
progiam, wnefited the farm export trade mateiially 
Exports of United States farm products rose from 669 million 
dollars in the fiscal year 1935 to 767 millions in 1936 Imports of 
farm products (including coffee rubber, silk, and many other exotic 
products) rose from 971 million dollaie in 1934r-35 to 1,185 million 
dollars in 1935-36 As compared with the low points of 590 mil 
lion dollars m exports and 612 million dollars m imports during 
1932-33, the increases seem large, but neither the exports nor the 
imports of farm products weie near the levels mamtained from 
1920 to 1929 

Substantially larger shipments of cotton, tobacco, and fresh and 
dried fruits were mainly responsible for the improvement m the 
exports Our exports of cotton, including linters, totaled 6,702,000 
(600 pound) bales, as compared with 6,328,000 bales the precedmg 

S r Leaf tobacco exports amounted to 417,539,000 pounds, against 
,347,000 pounds the year before Improvement in the exports of 
fresh and dried fruits, practically all classes of which showed sub- 
stantial gains, was in part a result of foreign duty reductions brought 
about under the reciprocal trade agreement program Exports of 
lard, cured pork, and wheat, continued to reflect the reduction m 
supplies caused W the drought of 1934 and by heavy rust damage to 
wheat in 1936 Lard exports fell to the lowest figure in recent years. 
There were practically no exports of domestically produced wheat 
An important part of the increase m the agricultural imports was 
the so called competitive products It is necessary to distinguish 
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between products like su^ and wool, of which we regularly import 
a great part of our supples, and products such as com, wheat, and 
rye which we import m significant amounts only under exceptional 
conditions Most of the increase after 1932 m the value of our com- 
petitive aCTicultural imports was in the regularly imported items, 
which tend to be imported in greater quantities as economic condi 
tions improve But some of it in the last fiscal year was in gram and 
feeds, meats, dairy products, and eggs, the domestic production of 
which had been reduced by the 1934 drought Imports of this char 
acter reached their Mak dunng the first quarter of the fiscal year 
and then declined The 1936 drought may agam mcrease the imports 
of these products 

Another important distinction exists between noncompetitive im 

g orts and impoits similar to commodities produced m the United 
tales Our total agricultural imports in 1935 amounted to 1,078 
million dollars ^ Of this amount 483 million dollars, or 45 percent, 
consisted of noncompetitive items, like coffee, rubber, raw silk, 
bananas, spices, cocoa, and tea There remained 690 million dollars’ 
worth of imports similar to or capable of being directly substituted 
for our own agricultural products About 134 million dollars’ worth 
of sugar came in under strict quantitative limitations and cannot 
proper Iv be deemed competitive Subtracting the sugar leaves only 
456 million dollars in competitive imports oi about 42 percent of the 
total of all agricultural products imported during the calendar year 
1936 This total may be compared with oui farm export total of 747 
million dollars during the same period 

Significance of Competitive Imposts 
Despite the domestic shortage of certain farm products, our im 
ports of competitii e commodities were less than two thirds as high as 
the annual average for the decade preceding the depression In 
most cases they repiesented an uisignmcant proportion of our normal 
output of similar products They fell far short of offsetting the defi 
cits left by the drought Imports of com in 1935 amounted to only 
1 7 percent of our average annual corn pioduction from 1928 to 1982 
Wheat imports were 3 2 percent of the aveiage production, oat im 
ports only 0 8 percent, barley imports 4 7 percent, pork imports 0 1 
percent, and b€«f imports of all kinds only 3 percent 
The drought of 1934 caused a leduction of oO milhon tons from 
our average production of feed in the United States In the year 
and a half from July 1934 to December 1935, imMrts of feed and 
fodders of all types amounted to less than 3^ mimon tons, or only 
7 percent of the shortage Imports made up only a tnfling part 
of the loss m production caused by the drought The same was true 
of wheat, meat, and dairy products Farmeis met the feed shortage 
not primarily by imports, but by lighter feeding of animals, earlier 
and neavier pasturmg, and heavy marketing for slaughter 
As a result of this year’s drought we may have to import some 
feed This is the logical procedure, good for both producers and 
consumers Agnculture’s problem is not how to stop a moderate 
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flow of competitive imports followinff a crop failure but how to plan 
for its normal conditions, which are those of a surplus country Kor 
mally, American agriculture encounters its major foreign competi 
tion abroad It produces for export, and temporary shortages in 
duced by drought should not hide the fact that an import exclusion 
policy would react adversely on the export trade Besides hurting 
the larmero, who must purchase feed in short crop years, such a 
pohcy would permanently injure those who grow cotton, tobacco, 
wheat, hogs, and fiuit 

In the balance of international payments of the United States for 
1936 the increase in imports, which consisted of agricultural products 
brought in to relieve the drought emergency tended to objure the 
persistent unbalance between our import and export trade As a 
result of these unusual temporary imports, our excess of exports was 
only $236 000,000 While that figuie is at about the level of the 
balances during 1932 and 1938, it is lower than that for any other 
year smce the World War The apparent approach of our merchan 
dise trade to an approximate balance however, is illusory It will 
probably be reversed as soon as we have normal ciops unless the 
trade agreements program greatly mcreases our imports of foreign 
industrial specialties The largest single factor in the balance of pay 
ments for 1985 was the continuing flight of capital from Europe and 
elsewhere to the United States This movement of capital tended, 
of couise, temporarily to hide the necessity for mcreasmg our imports 

Reciprocat Trade Agreements 

Agriculture is beginning to benefit from the Reciprocal Tariff Act 
During the last fiscal year the United States concluded reciprocal 
trade agieements with nine countries namely, Colombia, Canada, 
Honduias, the Netherlands, Switverland, lucaragua, Guatemala, 
hr met, and Finland It had enteied previously mto similar 
agieements with Cub^ Brazil, Belgium Haiti, and Sweden All 
14 agreements aie in efloct except those with Finland and Nicaragua 

It IS difficult to measure the results as yet Most of the agreements 
have not been long in effect and the period covered by their operation 
has been one of abnormally low production in the United States 
Moreover, the countiics with which agreements have been concluded 
ordinarily take only about a quarter of our total agricultural exports 
It will not be possible fully to test the reciprocal trade agreement 
program until agreements have been conclude with one or more of 
the countiies that constitute our leadmg foreign markets, namely, 
the United Kingdom, Germany, and Japan 

Foreign countries have made important concessions on United 
States agricultural products The agreement with Cuba substan 
tially reduced that country s duties on American lard, potatoes, nee, 
and many other products Canada reduced its duties on cured pork 
and lard and on a long list of fruits and vegetables European 
concessions include lower import duties and larwr import quotas 
on a loM list of commodities and are particularly helpful to our 
fruits France has made important concessions as well on American 
tobacco, and several countries have relaxed their restrictions on im 
ports of American lard and wheat Cotton, our leadmg agricultural 
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export, can benefit only indirectly from the trade agreements, be 
cause the foreign countries with which tariff reductions can be ob 
tamed through such agreements do not impose serious restrictions 
on cotton Most of the countries with which agreements have been 
concluded admit our cotton either duty fiee or at low rates 

The reciprocal concessions which the United States has made help 
our exports by aiding foreign countries to get dollar exchan^ We 
have made a few concessions on agricultural products Few of 
them, however, were in effect during recent increase m agricultural 
imports Negotiating the agreements the United States has kept two 
prmciples m mmd (1) Inat the import duties should not oe re 
duced below the rates prevailing prior to the enactment of the dis 
astrous Tariff Act of 1930, and (2) that on products of primary 
importance the reductions should m safeguard^ either by seasonal 
limitations or by import quotas 

In the Cuban agieement, for example the duties on vegetables are 
reduced for a Imiited peiiod during which oui own supplies aie small 
In the Canadian agreement the duty reductions on cattle seed pota 
toes, and cream apply to strictly limited quantities The only impor 
tant agncultuial items on which duty leductions have been made 
without some such safeguaid are \aiious types of cheese and imported 
wrapper tobacco But the duties on cheese have not been VMuced 
below the rate prevailing previous to the Taiiff Act of 1930, and most 
of the types or cheese concerned are not pioduced commercially in 
this country As for wrapper tobacco few Ameiican farmers 
It, while many thousands p^uce the fiUei and binder tobacco ■v^ich 
has to be combined with the impoited article 

Concessions by the United States 

Most of the tariff concessions made by the United States are reduc 
tions on specialized industrial items or agieements to keep on the free 
list noncompetitive products such as coffee, uxxia, and bananas 
Other countries have made concessions to us on industrial products, 
and the advantara goes to American farmeis as well as American 
manufacturers Increased mdustrial exports mean more buying of 
farm products 

Broadly speaking, there are three types of leciprocal trade agree 
ments (1) Bilateral arrangements for the exchange of exclusive con 
cessions with mdividual countries, (2) arrangements based on condi 
tional most favored nation treatment, and (8) arran^ments based on 
unconditional most favored nation treatment The United States has 
favored the third method, and it may be useful to glance at the 
reasons 

(1) The strictly bilateral improach is open to the objection that it 
would reduce our foreign trade In our trade with most countries we 
export more than we import To equalize matters with these nations 
inmvidually would require a reduction in our exports This has ^n 
the experience of European countries that have tned to achieve 
bilateral balances of traae Under our present policy triangular and 
multiangular trading squares matters It enab^ countries buy 
more than they sell here to even thmgs up by transactions with other 
countries which in turn may divert products to the UmW States 
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(2) Under the second approach, the conditional most favored nation 
treatment, reciprocal concessions might be wanted to countries that 
made equivalent concessions to us But tms method, too, tends to 
decrease the total trade Few countries other than the parties to an 
agreement will be equally interested in the same commodities and 
duty reductions Most countries will therefore be unwilling to make 
the equivalent concessions required Moreover, they will object to 
discriminatory tariff treatment and may retaliate with higher duties 
against our goods 

The result m ly be a tariff w-ir and new obstacles to international 
trade Even without letaliatoiy measures discriminatory treat 
ment under the con htional piinciple may foicc trade into more 
restricted channels Changes m foreign tiade affect the domestic 
maikets 

(3) The third or unconditional most favored nation approach has 
been followed by the United States in all cases except that of Cuba, 
under the present trade agreement program This is the policy re 
mured by the Reciprocal Trade A^eements Act which directs the 
(Skivemment to grant any tariff reductions to all coimtnes except 
those that disci imuiate against the commeice of the United Stat^ 
Under this last restriction Cleimany and Australia have been denied 
the benefit of most favored nation treitment, but all other coun 
tries receive it The unconditional most favored nation treatment, 
which has been followed by the United States since 1922, has the 
great advantage of affording a guarantee of no discrimination against 
us in our foreign markets 

In negotiating the Bta/ilian agreement the United States did not 
get a reduction in the Brazilian duty on wheat fiour SubsMuently, 
however, the Brazilian Government reduced its flour tarm on its 
own initiative Tlie unconditional most favoied nation clause in 
oui tiadc agieement with Biazil gvve the benefit of this reduction 
automatically to the United btites, as well is to othei countries 
Conversely Geimany has been unwilling to come to an imcondi 
tional most favored nation understanding with the United States 
As a result we have lost part of our market foi agricultural 
products in that country 

What Should We Import’' 

In deciding the kmd of unpoits that we should encourage under 
reciprocal trade agreements it is important to remember that the 
United States tariff has had its greatest effect in the past m pre 
venting imports of mdustnal proaucts^and therefore in raising the 
prices of the things that fanners buy Tlie domestic market for most 
mdustnal products is relatively elastic, whereas the domestic market 
for most agricultural products is relatively melastic Many existing 
tanffs merely serve to bolster mdustnal monopolies, which use their 
advantage to obtain high pnees The major markets for United 
States farm exports are to be found m mdustnal producing countnes 
such as Great Bntam, Germany, and Japan If the trade agree 
ments program is to go forward successfully we must conclude agree 
ments with the large mdustnal countnes and offer reductions in our 
duties on manufactured products 
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THE 1936 CROPS 

The year 1986 ranks next to 1984 as the most disastrous season for 
crops in the history of the country Records going back to the 
early 1860*8 mclude no seasons comparable with 1986 and 1984 m 
loss of and reduction of yields Both years brought neat 

droughts l^is year’s drought i^uced crop production to about 
one fourth less than the usual output, whereas the drought of 1984 
reduced it to about one third less 
Geogiaphically, there was a striking resemblance between the two 
drougnts They were particularly severe m the whole area stretch 
mg North Dakota and eastern Montana to north central Texas, 
and extendmg eastward over Missouri, southwestern Illinois, south 
em and western Iowa, and west central Minnesota Northeastern 
Wyoming, parts of eastern Colorado, northeastern New Mexico, 
and northwestern Arkansas also suffered severely m both years In 
both seasons the production of wheat, com, oats, barley, rye, and 
gram sorghums was greatly reduced, but m 1936, except m limited 
areas, there was no repetition of the acute shortage of hay and 
ro^hage that caused so much trouble m 1984 
C^m production m 1936 as a result of the drought, was slightly 
omaller than that of 1934 and was the smallest com crop harvested 
since 1881, when our population was only 40 percent of what it is 
today Or the eight States which usually produce two thirds of the 
total com crop seven had even less rainfall durmg the summer 
months than they had m 1934 The com crop was particularly poor 
m the Dakotas Nebiaska, Kansas Missouri, and Oklahoma In 
these States the acreage that could be harvested for gram was largely 
limited to the river Imttoms, to areas favored by local showers, and 
to irrigated sections Much of the crop was cut early for forage 
and silage or was pastuied by livestock Grasshopper damage was 
severe m some areas and in these localities ciops had little value 
even for fodder Present indications are that the total com crop is 
only about 1,468 000 000 bushels as compared with an aveiage of 
2,663,000,000 bushels for the period 1928 to 1932 
Almut one fourth of the acieage seeded to winter wheat was a loss 
as a result pimcipally of diou^t conditions Scarcely more than 
half of the seeded spring wheat acreage was harvested for gram 
The total wheat production was only about 630,000,000 bushels This 
IS more than was produced m any of the preceding 3 years, all of 
which were very unfavorable, but less than the production of any 
other year since 1917 Rye suffered likewise Abnormally him 
tem^ratures and drought combmed reduced oat j^ields m practically 
all me important oats producmg States except those along the Pacific 
coast, and m some States caused nearly a total loss of the crop Oats 
production is estimated at 777,000,000 bushels, or about two thirds of 
the usual production However, it was about 43 percent greater than 
the very short oat crop of 1984 and slightly above the crop of 1938, 
though below the production in any other year smce 1896 The bar- 
ley crop was reduced by one hair It is estimated at 145,000,000 
bushels, as compared with 282,000,000 bushels m 1936 Production 
of fijam sorghums is estimated at 59,000,000 bushels, as compared 
with 97,800,000 bushels m 1936 
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The Feed Grain Supply 
Production of com, oats, barley, and gram sorghums combmcd is 
only about 68,000,000 tons, as compared with 93,000 000 m 1936, and 
64,000,000 m 1934 In other years since the World War the combm^ 
production of these grains nas averaged 100000,000 tons and has 
ranged from 86,000,000 to 117 000,000 Reserves of CTain on land 
■wilT be closely utilized and net im^rts of grain and feedstuffs may 
have to be increased somewhat, but most ot the shortage will be met 
by feeding ho^ less gram than usual 
There is a fair supply of hay and roughage Hay production is 
only about 10 percent below the average In 1935, three fourths of 
the States had hay crops above the average, and the supply of old 
hay on farms at the beginning of the season was rather large But 
many farmers had to use some of their old hay this summer By 
utilizmg striw, fodder, and other roughage a little more closely than 
usual and by usmg part of their reserves, farmers will be able to feed 
nearly the usual quantity of hay per unit of livestock 
Rice sugar beets and irrigated crops geneially Mve good yields 
So did cotton and peanuts cast of the Mississippi River Tobacco, 
with yields about the average, was moderately fight, drought having 
prevented expnnsion of the acreage The buckwheat crop was the 
smallest since the Civil War Di ought damaged it severely m prac 
tically all producing States Flaxseed production thou;^ greatei 
than in 1934 was below that of any other season m 60 years Potato 
production was below aveiage and swectpotatocs about an average 
crop As noted elsewhere in this leiiort there was a fair supply of 
commercial vegetables and a light pack of most canning vegetables 
except tomatoes 


WEATHLR CONDITIONS OF 1936 
Weather conditions m the United States in 1936 Mere extremely 
abnormal During the spring months they produced unprecedented 
floods m the Fastem States, bad dust storms m the Middle West, and 
destructive tornadoes in the South Later the most severe drought of 
record developed m the mterior States The drought was the third 
m recent years, others of tremendous national significance having 
occurred in 19^ and 1934 Ths > car’s drought, besides causing 
enormous damage to crops, inflicted great hardmip on farm people 
thioughout an immense area, particularly m States that had not 
recovered from the drought of 1934 It aroused fears among some 
people that our climate might be undergoing a permanent wange, 
though there is no scientific evidence that such is the case, and led 
to speculation as to whether recent conditions might possibly be due 
to some human activity Various suggestions for preventing drought 
have been made In general these suggestions fail to distinguish he 
tween basic changes in chmate and proposals for mitigating or pre 
ventmg some of its untoward effects It will be interesting, alEter 
ghmcing at what the weather did to us in 1936, to notice what mete 
orological science has to say about the causes of floods and droughts — 
for bo& floods and drought have a common origin m the natural laws 
that govern evaporation and precipitation 
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The floods m the Eastern States followed a severe winter, accom 
panied by the heaviest snowfall in many years in the country north of 
the Potomac, the Ohio, and the Missouri Rivers Mild, rainy weather 
late in February and early in March caused rises and ice gor^ in 
the rivers of New England and the Middle Atlantic States About 
March 17 heavy rams fell on well saturated and semifrozen soil, and 
the percentage of run off was unusually high Moreover, the north 
em ruers were at or above flood stage, and those in Maryland and 
Virginia, while not in flood, were higher than noimal 

Ihe result was disastrous floods in the James, the Potomac, the 
Susquehanna, the Connecticut, and the Merrimack Rivers, m some of 
the tnbutaiies of the Ohio River in Pennsylvania, and in the Ohio 
from Pittsburgh, Pa , to below Wheeling, W Va The Ohio River 
flood gave a recom crest stage of 46 0 feet at Pittsburgh on March 18 
The previous high water record was 38 7 feet on March 15, 1907 
Flood dama^ in the Northeastern States was undoubtedly the great 
est of record Many houses weie destroyed, and business was par 
faally or completely paralyzed in many industrial areas Losses to 
wage earners and retailers were heavy 

The weather of 1936 was decidedly unfavorable for agriculture 
over the greater portion of the United States Precipitation in the 
winter and eaily spring was veiy scanty m the Southwest, where the 
soil became extremely dry, and severe dust storms caused much dam 
age In May, however, there came abnormally heavy rams, which 
were especially helpful to winter wheat ovei large areas, particularly 
m Kansas Other parts of the countiy were less fortunate Senous 
conditions developed over laige areas Dry weather in May and 
June brought widespread damage to early truck, hay, and pastures. 

Spring Exceptionally Dry 

The spring was the driest of record in many southeastern localities 
Great harm resulted to early crops in consadeiable areas, especially 
from North Carolina southward and southwestward to central Ala- 
bama The winter wheat crop, however, was not seriously affected, 
principally because of May rains in the western portion of the Wheat 
Belt and comparatively cool weather m the eastern part Some 
deterioration of the crop occurred, especially m northern districts 
The spring wheat crw and other small grams in the Northwest were 
severely damaged Ine livestodc situation became desperate Over 
large areas there was neither feed nor sufficient water available 
However, conditions continued favorable in the North Pacific States 

The summer was abnormally hot and dry m all Central and North- 
ern States between the Appalachian and Ifocky Mountains July had 
less than 10 percent of normal rainfall in considerable areas, there 
was less than half of normal (usually much less) in the western part 
of the Ohio Valley, the Great Lakes region, t^ upper Mississippi 
Valley,and throughout the Plains from Oklahoma northward to 
North Dakota and Montana The States from Oklahoma northward 
to North Dakota had only from 20 to 36 percent of normal , Minnesota 
had about 20 percent, and Iowa less than 15percent July 1986 was 
drier than July 1984 in every State from Kentucky, Missouri, and 
Oklahoma northward to the Canadian border 
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The montlis of June and July combined had an averace of only 
about one third of noimal rainfall in the Plains States and about 40 
Mrcent of normal in the western Ohio and middle Mississippi Valleys 
In the interior States the 2 month period was much drier t^n the 
same 2 months during the great drought of 1934 Abnormally hig h 
temperatures aggravated the effect of the deficient moisture 
Ine 4 months of the growing season up to tlie end of July were the 
driest of record in the Dakotas Minnesota, Wisconsin, Iowa, Missouri, 
Illinois, and Indiana, and the secxmd driest in Ohio, Kentucky Okla 
homa, Kansas, and Montana Of the Central and Not them States 
between the Appalachian and Rocky Mountains, only Michigan, 
Kansas, and Nebraska weie drier in 1934 than this year for these 4 
months 

The weather during August, foi the most pait, continued decidedly 
unfavorable throughout the central valleys, with afternoon tempera 
tures in many places reaching 100® F or higher neiily every day 
Lower temperatures and rather frequent showeis were decidedly help 
fill in nortliern sections fiom New England westward to the Great 
Plains, including considerable portions of the eastern and northern 
Ohio Valley and some upper Mississippi Valley sections However, 
during this month the di ought extended southward to Texas, Arkan 
sas, northern Louisiana, Mississippi, and I ennessee 

THE CAUSE 01 DROUGHTS 

Thfbe are two basic principles m laiii piiKluction— evaiKirvtion 
which charges the aii with moisture and condensation which re- 
leases it Tlie first IS impoitaiit but the 1 ittei much moie so in con 
nection with droughts The only way lain can be produced in ap 
preciablo amounts is by the an, including the invisible vapor ot 
water, becommg cooled on a large scale Cooling causes condense 
tioii because waim air can hold more moistiuc more water vapor, 
per unit volume than cool air The capacity of air, or rather of 
space for holding invisible moistiiie doubles with each increase of 
20° F in tempeiatiiie Thus a cubic foot of saturated an at 80° i , 
if cooled down to 60° F , must lose by condensation half of its water 
content, which appears as cloud and lain 
Air cools when rising because it comes under less and less pres 
suie, and therefore expands, the normal fall in temperature for an 
ascending column of air is 1° foi each 183 feet of rise Nature 
effects this method of cooling in a number of ways, usually on an 
immense scale Air moves from place to place over the earth's sur- 
face in mass formation These masses come from two mam regions — 
polar and tropical Those from the Poles are dense, heavy, and 
relatively cold , those from the Tropics are warmer and lightei 
When polar and tropical air masses meet, the tropical air, being 
lighter, naturally flows up over the opposing dense air, just as it 
would flow up a mountam side As it ascends it expands and cools, 
and the water vapor is cooled enough to condense and fall as ram 
Cooling the watei vapor in this way is natuie’s method of pioducmg 
rain in appreciable amounts It is the only effective way 
When the noimal courses of these opposing air masses are dis- 
rupted for a considerable period, abnormal conditions, such as 
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droughts, result These processes have a world wide relation Na- 
ture’s weather factory is the whole world, and some of its operations 
have not yet been discovered Just how and why these abnormal 
conditions establish themselves and persist so long, meterolomsts 
have not determined Enough is known however, to make ridiculous 
any suggestions that men can basically change the order of thmgs 
New Methods in Weather Forecasting 
It has become practicable during recent years to supplement 
empirical methods of weather foiecastmg, as developed in the nine 
teenth century on the basis of expenence alone with rational pio 
cedures based on an undei standing of the physical processes involved, 
and as a result, weather forecasting has for some time been 
developing along sound physical Imes, though for a long tune it 
must continue to be a combmation of physical reasomng with 
methods based on accumulated practical expenence with synoptic 
charts 

Modern contributions to the difficult problem of weather fore 
casting are being actively studied and tested in the meteorological 
services of the TJmted States and othei countiies, and the Weather 
Bureau is keeping informed on all important developments m this 
field During the fiscal year 1936 substantial progress was made in 
developing air mass analyses and applying them in forecastmg 
In air mass analysis attention is ptimaiily directed to the great 
streams of air that are present over a given region and are com- 
posed of masses of air of different origin, properties, and motions, 
separated from one another by moic or less pionounced discontmui 
ties The analysis of the synoptic map consists of the identification 
and delimitation of the diffeient air masses, the determination of 
their motions and physical properties, and the relations of the 
weather phenomena to the physical piocesses operating 
To develop an adequate ana effective working procedure in this 
analysis, to articulate it with the other work of the Weather Bureau, 
and to amalgamate it with the iccumulated knowledge and experi 
ence gained in the past, lequiies piolonged study and trial The 
work now being carried on is designed to develop, as quickly as pos 
Bible, a satisfactory and workable technique It has continually 
been made of greater and greater assistance to the official forecasters, 
who utilize it more and more in their work 
During January 1936 Sverre Petterssen, of the Norwegian Mie 
teorological Service, conducted a series of lectures and conferences 
at the central office of the Weather Bureau on the physical analysis 
of weather maps (by the principles of air mass analysis and also by 
certain principles based on the kinematic theory of fluid motion), 
and on weather forecasting The analysis of m^s and the making 
of forecasts are two quite distinct things, and Dr Petterssen’s in- 
vestigations have dealt particularly witn the step from analysis to 
forecast Great benefit to the work of the Weather Bureau has 
resulted 

In addition, a liimted amount of research work on several prob- 
lems involved in air mass analysis and its practical applications has 
been done— particularly a preliminary study of the physical phe- 
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nomens leading to the development of the severe cold waves which 
often enter the United States from Canada 
rhe past 7 years have been charactenssed by extreme heat and 
widespread droughts in summer, wind and dui^ storms of unprec 
edented violence, damaging floods and during 1936-36, extremely 
low winter temMratures extending over wide areas of the country 
As a result of these abnormal weather conditions thousands of hu 
man lives have been lost, millions of dollars worth of property has 
been destroyed, and the income of many farmers has been wiped 
out or greatly reduced The need for pui suing research studies look 
mg toward the making of long range weather and crop predictions 
IS more apparent today than ever before If there is one chance in 
a hundred of discoveiing the causes of ibnormil weather, the effort 
IS worth making for agriculture, business, and the whole Nation 
would gam thereby 

Projects Under Bankhead Jones Act 
Under the Bankhead Jones Research Act two lines of work have 
been undertaken One, in which the Weather Bureau the Bureau 
of Agricultural Economics, and meteorologists of Harvard University 
and the Massachusetts Institute of Technology are cooperating is a 
survey and critical appraisal of methods now employed in attempts 
at long range weather forecasting by foreign countries and by pri 
\ato individuals and agencies, in this couiitiy This survey should 
give a basis for leseaicn piojects to be came 1 out during the fiscal 
year 1937 and thereafter Certain statistical investigations also are 
being earned on conctining planet uy and lunai relationships with 
terrestiial weather, and penodicities in weather and solar phenomena 
The other study is concerned with the relationship between weather 
and crop yields and involves the cooperation of several bureaus of 
the Department, such as the Weather Buieau the Bureau of Plant In 
dustiy, and the Buieau of Agncultuial ieononins and also the 
assistance of a number of State agiieultural e\peiiment stations 
From these pielimmary studies the Department expects to develop 
moie mtensive research in crop yield variations and weathei factors 
durmg 1937 and subsequent fiscal years 
Comprehensive soil, phenological yield and weather data have 
been collected from experiment station records in nine North Central 
and two Middle Atlantic States and from records of the dry land 
farming stations of the Buieau of Plant Industiy Statistical tech 
nique is being developed for determining the validity of combina 
tion or segregation of yield senes of different rotations, soil treat 
ments, variety tests, etc , m order to form senes that may be used 
m measuring crop yield responses to fluctuations m weather phe 
nomena Most weather crop research to date has been on an exten 
sive scale geographically, averages of crop yields and weather by 
States and regions have been studied It is believed the present, 
more mtensive approach will lead to greater knowledge of the basic 
laws involved A bemnnmg has been made m the evaluation of work 
previously done in tms field 

Under the Bankhead Jones Research Act a project has been set 
up in ^e Bureau of Agncultural Economics in cooperation with 
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Harvard University to provide for the study of relationships be 
tween solar and teiiestnal phenomena, especially relationships hav-* 
ing a bearing upon long lange weather foitcasting Equipment is 
being designed, using the pimciples of telephotogiaphy for mak 
ing daily obsenations of the suns coioni Hiutofoie measuie 
ments of tins imiioitant indication of chinges in solai activity 
have been possible only at infieqiient tunes ot complete eclipse of 
the sun 

In addition the Weather Bureau, with an allotment of funds from 
the Works Progress Administration, has continued its investigations 
begun with funds assigned it by the Civilian Woiks Administration 
This woik consists in computing correlations between conditions m 
the Umted States and precedent conditions in foreign countries So 
far corielations have been completed between temperatures by quar 
ters in 12 distiicts of the United States and piessure conditions at 
60 foreign stations distributed throughout the world, both m the 
Northern and Southern Hemispheres The time intervals employed 
were 3, 6, and 9 months The survey of rainfall conditions in the 
United States is compiled with lut cdent pussuie conditions it 
the 60 foreign stitions is lapidly iieiiing completion It is planned 
next to compute coiiulitions between foitlgii tenipeiatuies and 
foieigii iiinfill with buhsequent temiieiitiuc ind inilill conditions 
in the Uiuted States 

MEASURFS FOR DROUGHT RLLIEI- 
With other Goieinment agencies Imth Fetlei il ind State this Dc 
paitment coopeiated in measures for drought relief It so modified 
the soil conservation program as to make allowance for conditions 
beyond the control of the farmers, issued supplementary provisions 
to increase the production of feed and forage , encouraged the plant 
ing of emergency forage and hay crops, and in general enabled 
farmers m drought areas to take advanta^ of the income insurance 
features of the program The Government’s readiness to make pur- 
chases of livestock fiom drought areas protected markets agamst 
sharp dechnes Loans for the purchase and storage of seed enabled 
farmers to piepare for the next crop An agency established at 
Kansas City facilitated the movement of feed into drought stricken 
areas and also the movement of hvestock from drought areas to 
locahties where surplus feed and pastures were ava^able 

Under the surplus removal clauses (sec 32) of the amended Agri- 
cultural Adjustment Act, quantities of food and feed became avail 
able for relief in drought States Between June and September the 
shipments mcluded 1,171 carloads of foodstuffs for human consump- 
tion and 375 carloads of millfeed for livestock Some shipments of 
this kind would have been made m any case , but the drought emer- 
gency necessitated a considerable increase in shipments to drought 
areas The Resettlement Administration made loans and grants to 
farmers for the purchase of feed, seed, forage, and food, the Works 
Progress Admmistration provided employment to farmers m road 
construction, in well digging, and in building small Huitih and res- 
ervoirs The Farm Cr^it Adnunistration alleviated credit diflS- 
culties, and the Federal Surplus Commodities Corporation earned 
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out a small’grain seed conserration prograin Western and Middle 
West earners reduced freight rates on teed and livestock 

Beef cattle numbers -were more nearly in balance with feed sup 
plies and with market requirements than they had been dunng the 
drought of 1934 Indications were that pnees would be favorable 
to producers in 1937 There was no need, as there had been in the 
previous emergency, for the Government to buy several million head 
of cattle It purchased only enough to prevent sharp price declines, 
and restricted the purchases to the classes and grades of cattle least 
suitable for resale as stockeis and fcedeis ana least desirable for 
breeding herds It distuibed the commercial cattle trade as little as 
possible and encouraged a movement back to the country foi feeding 
and breeding 

The AAA began purchasing cattle m the drought area on Au 
gust 3, when market receipts above normal requirements caused a 
decline of ]nices It made limited open maiket pm chases at termi 
nal markets serving the drought territory Up to September 4 how 
ever, it had puiclused only 2 964 head By that time fall rams in 
parts of the drought territory had encomaged farmers to retain cat 
tie and had increased the demand for feeder stock Funds available 


under section 32 of the amended Agricultural Adjustment \.ct pro 
vided the means for purchases of surplus livestock The payments 


vided the means for purchases of surplus livestock The payments 
to farmers and ranchers were purchase payments only , they did not 
include additional benefit payments as the cattle and sheep pur 
chases m 1934 had done Meat resulting from the buying programs 
went to the Federal Surplus Commomties Corporation tor relief 
distribution o ^ e 

Seed Grain Situation 


There was a shortage of small grams suitable for seedmg m the 
drought territory The seed gram purchase program helped to pre 
vent an acute deficiency and to obviate the planting of light and 
undesirable seed m 1937 It provided for an advance of not more 
than $10,000,000 to the Farmeis’ National Gram Corporation, a 
farmers’ cooperative for the purchase of between 7,000,000 and 
9 000 000 bushels of spring wheat, durum wheat, oats barley, and 
flax Seed grain thus acquired will be sold to farmers at reasonable 
prices before seeding time m 1937 Surarvised by the Federal Sur 
plus Commodities C5orporation, the seed purchase program mcluded 
efforts to conserve and store desirable seed stocks 
It became evident in September that little corn suitable for seed 
m the western and north central part of the Com Belt will be avail 
able for the year’s crop Reports from large sections of the western 
Com Belt indicated it would be necessary to get from 2 000,000 to 
8,000,000 bu^els from other localities outside the worst drought 
stricken sections As a means of guarding against a shortage of 
adaptable varieties, the Government offered two types of non recourse 
loans on farm stored seed com One type made available a loan of 
$1 76 a bushel on field selected com having proper germination and 
storage qualities The other offered a loan of $0 66 a bushel on good 
quality and properly stored crib com, suitable for sorting at a later 
date Each loan note gave the Government a purchase option 
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amounting to $3 50 per bushel on the field selecl 
on crib selected com, shelled and mded in the 


the field selected and $1 60 a bushel 
OTaded in the sack 

""irpr^^'d^fficuit for ‘the laihoads to giant blanket reductions 
m freight rates on sliipments of feed and livestock ^®y 
to S some liability for discrimination, against ^ich tW ^ 
been specially protected in 1934 by a provision m the Drought Kelief 
SSaS Act Hoivever, they made piecemeal concessions 
seriously affected areas carriers quoted emergency 
on hay amounting to two thirds of the noimal rates On coarse 
roughages they quoted 60 percent of the usual hay ratM On coarw 
grams and feeds and on feed ingredients they accepted shipmente 
at two thirds of the normal rates These concessions enabled 
farmers to obtain feed from distant points and helped to keep local 
feed prices at moie reasonable levels On shipments of livestock to 
surplus feed and pasture aieas the railroads made a rate of 86 per 
cent of the normal rate, with the piivilege of returning the cattle 
on a 16 percent basis 


CoBiPARisoN With 1935 Iffd Suipiy 
The production of feed grains as estimated on September 1, 1986, 
was approximately 42 percent below the aveiage for the 5 years, 
1928 to 1932 But the number of livestock on farms was slightly 
less than during the 1928-32 period In consequence, the production 
of feed mains per grain consumi^ animal unit was only about 38 
percent below the 1928 32 level In terms of feed gram production 
per animal unit tiie output was about the same as that of 1934 The 
1936 drought came later than that of 1934 and covered a smaller 

S ortion of the range and pasture areas of the West Early hay pro 
uction was not so seriously affected Hay production per hay 
consuming animal was only about 14 iiercent below the 1928^2 aver 
age, as compared with 35 percent below in 1934 Because the 1934 
drought berame serious eaily in the season Congress appropriated 
$625,000,000 for drought relief activities fhis j ear’s diou^t did 
not become serious over large aioas until late in June No special 
appropriation for meeting it had been piovided Federal and State 
agencies modified their progiams, however, m such a way as to pro 
vide substantial assistance to faimers in the drought areas 


LONG TERM POLICIES FOR DROUGHT AREAS 
Lookino tow ard the dei elopment of a long term program cal 
culated to render future droughts less disastrous in the Great Plains 
region, a committee appomted by Executive order visited the region, 
conferred with farmers and public officials in the areas most seriously 
affected, and drew up a senes of recommendations The committee 
utilized the exTOrience of numerous Federal and State agencies, 
many of which bad dealt for many years with the problems of the 
semiand lands These agencies pla^ a mass of matenal at tbe 
committee’s disposal, and the contusions reached were in large part 
the result of Judies and expenments begun long ago In thus 
bnngmg to a focus the best available knowledge on the subject the 
committee accomplished a work of outstanding public in^rtanoe 
and laid a foundation for an effective remedial policy Tne com* 
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mittee’s findings, in which I heartily concur, may usefully be sum 
manzed m this report 

Analyzmg the causes of the present disaster, the committee 
assigned primary importance to the attempt which has been made 
for several decades to im|^ on the Great Plains a system of agn 
culture not adapted to the region Methods suited on the whole 
only to a humid region weie introduced mto a semiarid region 
This was largely the outcome of a mistaken public policy The 
Federal homestead law, for example, kept land allotments low and 
reouired that a portion of each allotment should bo plowed TW 
policy, the committee said, caused immeasurable harm On the 
western Plains it was both a stimulus to overcultivation and a 
condemnation of the cultivators to poverty 

Efforts to cure the trouble by enlarging the allowable individual 
holding did not work In western North Dakota and Montana tracts 
two or three times the size of those actually gi anted would have 
been necessaiy to suppoit farm families adequately As the ranges 
were enclosed^, feed crops were giown by intensive cultivation and 
the ranges were overstocked Overcropping overgrazing and im 
proper farm methods generally made the soil loose and unstable pro 
moted soil blowing and washing lowered the ground water level, 
and rendered the whole area extremely vulnerable to periodic 
droughts The settlers themselves could not ivoid these mistakes 
They lacked both the knowledge and the incentive to do so and were 
the victims of a mistaken national policy 

Settlement of the western Plains began, the committee observes, at 
the end of what appears to have been a 40 year dry peiiod It pro 
ceeded dunng a wet peiiod which now seems to be terminated 
Droughts in the region duiing the latter part of the nineteenth cen 
tury and the early years of tlic twentieth century were brief and 
infrequent Fanners regarded them as exceptional and did not 
chan^ their farming methods Weathei records indicate however, 
that a long diy peiiod pieceded the settlement of the Great Plains 
and that we may now ue in the midst of another prolonged dry 
period This may have its wet yeais but may keep the average rain 
faU for a period oelow the long tune average 

It IS impossible to moke a confident forecast But whether the 
present drought condition to biief or piolonged, the pioblems of the 
Great Plains region will remain essentially the same Continued 
farming and ranching by the existing methods will cause continued 
trouble under any climatic conditions lhat are likely to prevail The 
problem is not tne product of a single drought or even of a senes 
of bad years It is the outgrowth of a mistaken pohey pursued for 
decades Criticai, Area 

The Great Plains comprise an area stretching from west central 
Texas to the border of Canada On the west the Bocky Mountains 
are the border Oh the east the region is irregularly delmiited near 
the one hundredth meridian, where formerly the short gra^ country 
merged into the tall grass or praine country In the critical area are 
the Texas Panhandle, the Oklahoma Panhandle, northeastern New 
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Mexico, and all the northern portion of the Plains Annual rainfall 
IB low throughout the entire region There are short, intense storms, 
wide fluctuations of temperature, and strong prevailing winds 
Frost and snow make wind erosion a less serious danger m the north 
than in the south , hut soil blowing and soil depletion occur through 
out the region, particularly ui areas of excessive plowing 
Millions of acres of the natural cover, the buffalo ^ass and grama 

E ass, have been destroyed in the Gieat Plains and the soil made 
ose by continued cultivation, decay of grass roots and i eduction 
of the humus supply This destructive process has been accelerated 
since the World War Eight States lying partly within the region 
had 103 200000 acres of harvested ciops in 1929, as compared with 
87 800 000 in 1019 and 12 200 000 in 1870 How wiong this plow 
up piogt im was can be infeiied from the lecoids made undei the 
Iloinestead A.(t Only 00 peiccnt of the entiies weit iieifcttcd 
prior to 1910 Since then only pcicent of the entires ha\e been 
pel fectetl 

The lesults of attempts at the intensive cultivation of the Great 
Plains over a tremendous agmegito aiea have been bankruptcy tax 
delinquency, absentee owner snip, and excessive tenancy In 1935 the 
percentage of tenant farmeis in eight Great Plains Stites w is 41 1, 
as compared with 15 5 m 1880 Many farms have been abandoned 
Many residents moicd out of the Gnat Plains between 1930 iiid 1935 
The ‘suitcase farmer’, of whom theie were too many, visited his 
land only a few weeks each yt ir for planting ind h irvcsting In 
drought years he abandoned his ciop He never made jiermanent 
farm improvements Community services declined The pioblem is 
not simply one of short term relief but of long term readjustment 
and reorganization 

Primarily, it is necessary to check overcropping and ovei grazing, 
so that both soil and water may be conserved, and this end cannot 
be attained exclusively by individual action Yet the committee’s 
proposals do not strike at the mdependence of the individual farmer 
On the contrary, the action recommended should restore an inde 
pendence that has largely been lost New public policies, designed 
to correct the existing niistal cn policies will stabilize the tcon 
omy of the region and increase its jiowei to miintain independent 
farm families Ihe fundamental leqiiiriinent is to bnng farm 
mg and livestock raising methods into conformity with the natural 
conditions 

In many measures the Federal Government should take the initia 
tive, particularly m leadership and guidance Federal paiticipation 
may be necessary also in the construction or financing of public 
works Past Federal policy encoura^d the misuse of the Great 
Plains Present Federal policy should encourage the correct use 
In emphasizing this principle the committee states that there need 
not be any conflict of juriMiction between Federal agencies on the 
one hand and State and local agencies on the other It believes that 
joint cooperative effort will prove workable, and more effective than 
any other method Needless to say, the action taken should be con- 
tinuous over a long period, with Federal and State agencies under- 
taking tlio functions they are best able to perform 
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C!obibination op Measubes Necessary 
Efforts to develop a Great Plains economy capable of withstand 
me recurrent drought will require various measures involvmg 
eiS, State, and locm cooperation The basic aim should be to arrest 
excessive soil erosion and to conscive watei Public grants and 
subsidies should be harmonized with a plan calculated ultimately to 
do away with the need for such aids 
Soil and water conservation will require engineering good agron 
omy, changes in tillage piactices financing, and public education 
On cultivated land it will be necessary to promote contour plowing, 
listing, terracing, strip cropping, and other soil conseiving practices 
Dams may be or use m checking water eiosioii and in holding water 
for use in diy periods Rcservoiis and wells should be developed 
Small irrigation systems for groups of families will bo found useful 
In some aieas large irrigation piojects may bo needed Certain sub 
manual lands should 1 m permanently withdriwn fiom farming 
Measures of this kind honcier, can meiely improve tho conditions 
and practices on individual faims They cannot effect the basic 
changes nccessaiy in the whole 1 uid use pattein Iheiefore the com 
mittee lecommended that public acquisition of lands should be 
continued on the basis of selecting those areas less suited to cultu a 
tion and grazing Extension of the grazing range could be brought 
about in certiiii aieas by bunging some arable faim land under 
public ownership Abandoned farms or tax delinquent land could 
sometimes be acquiied Land in some areas, it pioposed should be 
leased or optioned, with a stipulation that the users ^all cairy on an 
approved program of restoration to glass or forest 
Public land buying and regulated grazing, however, will not be 
fully efficacious if private owneis may still use their holdings in a 
manner destiuctive to neighboring property as well as to their own 
Therefore the committee suggests that the possibility of restraining 
wrong land uses should be explored withm legal and constitutional 
limits 

In some areas coopeiative grazmg districts are attempting to pre 
lent the oveigiaziiig of then lands, and this policy the committee 
warmly endorsed Each thmg done, it declared, should be part of a 
coordinated pioject coveiing the entne region As an aid to the 
cooperative control of grazing, it suggested that public land buying 
in some areas would &lp to block out desirable ranges Suw a 
project could be set gomg without arbitrary action by any public 
agency, and it could & carried out democratically by using existing 
facilities for ascertaining local interests and wishes The pooling oi 
scientific knowledge in a well conceived educational campaign would 
be indispensable 

Research should be undertaken to determine how many people the 
region can properly support With that determmed the problems 
of nugration and relocation would be sunphfied While discourag 
mg aimless migration, the committee believes that in some areas a 
regroupmg of the population would be beneficial It is impossible, 
as yet, to determine whether or not the region can adequately sup 
port Its present population A shift from cropping to grazmg might 
reduce the population m some localities but at the same time mcrease 
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the real wealth of the region as a whole Ultimately, the change 
would provide additional income The fundamental purpose is not to 
depopulate the remon, hut to make it permanently nabitable Any 
other aim would to a confession of failure In the long run the 
Great Plams will support more people on a higher standard of livmg 
if its agriculture is regulated mtelligently than it can possibly sup 
port if present tendencies run their course 

In some localities farm holdings should generally be larger than 
those now prevailmg Such necessary increase m the size of farms 
would require governmental assistance State and county govern 
ments may expedite the consohdation of small units by making avail 
able to grazing and other cooperative agencies certain tax delinquent 
lands, which will not again be cultivated by their nominal owners 
The aim should be to develop holdings large enough to support farm 
families in independence and comfort 

It IS proposed that the possibilities of rural zoning be explained 
as a means of preventing the sporadic settlement and breaking up of 
lands better adapted to range use than to arable farming 

The committee recommends the use of public credit to enable com 
petent tenants to purchase and operate their own farms Tenancy 
it says promotes soil mining and does not suit the Great Plains 
Also, the committee recommends the study of crop insurance and of 
wavs and means to piomote the transfer of certain croplands to 
grass farming It urges public guidance m resettlement and investi 
gations to determine what new Federal legislation if any will be 
necessary Essentially the committee finds that while present 
methods in the Great Plains do not promise success methods suited 
to the region can be developed through Federal, State, and local 
cooperation ^ ^ 

^ Crop iNsmaANCB 

In the firmer s life luck and chance aie impoitant factois Each 
crop planted is a speculative venture Unfavoiable weather condi 
tions floods, insects or disease may cause a partial or a complete fail 
ure of his crop Studies of total farm income for all farmers do not 
tell the whole truth Increases in prices in \tars of low pioduction 
enhance the income of farmers who Wve i good crop, but benefit very 
little those whose crop fails The distress due to widespread crop 
failure and the resulting necessary expense foi relief sugge^ the need 
of some form of crop insurance 

The programs of the Agricultural Adjustment Administration con 
tamed a measure of ciop insurance The benefit payments were the 
only mcome of many farmers after the drought of 19M had destroyed 
their crops Undoubtedly the soil conservation payments of 1936 will 
likewise serve as crop insurance in drought areas Crop insurance 
resulted as a byproduct of the adjustment program in connection with 
the administration of the Bankhead Cotton Control Act In 1984 
many farmers in the western part of the Cotton Belt product less 
cotton than their allotment of tax exemption certificates covered 
Through the operations of a pool set up to make transfers, they were 
able to sell their surplus certificates to farmers elsewhere who had pro 
duced cotton in excess of their allotments Sale of their 
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enabled farmers who had suffered a partial or complete crop failure 
to recoup part of their losses 

The principle of crop insurance merits a prominent place in any 
broad plan for a national farm policy Insurance viewed from the 
standpomt of the individual appears primarily as a contract for the 
indemnification of losses Viewed fiom the standpoint of the whole 
^up, howeier, it appears ratliei as an avei aging of losses The 
insured individual pavs the average loss instead of taking the chances 
of suffering a larmr loss Insurance is a social device by which “the 
loss hghtetn lightly upon tlie many rather than heavily on the few ” 
Crop insurance is a means by which systematic contributions by 
farmers, made m proportion to the risk to their crops, create a reserve 
out of which agriculture can finance its own relief from crop disa a tA r 
It does not prevent disaster, but it does provide that the full weight 
shall not fall on a few 

Crop insurance differs m some respects fiom other types of insur 
ance It insures against the loss, not of an existing value, but of a 
prospective value In fire insurance loss can readily be measured, 
because the value of the pioperty is known or can be estimated But 
if a crop fails, what is the loss^ Is it the difference between the actual 
production and a bumper crop between the actual production and an 
average crop, or between the actual pioduction and the mvestment 
in the crop* 

Many have questioned whethei it is sound policy to insure prospec 
tive profits and have advocated insuring only the investment in the 
crop But the investment in the ciop is difficult to determine Much 
of it represents the faimei s labor and othei items that must be 
evaluated I ittle of it represents a casli outlay that can be measmed 
accurately It seems bettei to insure only a ceitain piopoitioii of the 
average yield That is much simpler If only a reasonable p&r 
centage of the average yield is insuied the plan docs not include the 
insurance of prospective profits 

Requirements of Crop Insurance 
Crop insurance should have a large element of saving That is, it 
should involve not merely a hoii/ontal averaging of losses for each 
year but also a vertical averaging of losses over a period of years 
Losses in certain years may be so widespread that accumulations from 
more successful yeais are necessaiy to help carry the burden This is 
very important Hence the rates for crop insurance should be based 
on the average losses over a long period or over a shoiter period that 
was worse than the average for most short peiiods of years The 
successful operation of a plan for a few average years does not prove 
that it could successfully meet widespread disaster for several years 
Subst^tial reseives should be built up in good years 
AH nsk crop insurance is not available to the farmer today Insur 
ance companies have made several attempts to insure the crop of 
wheat and other grams In 1917 such an attempt m the sprmg wheat 
area failed partly because of drought and partly because insurance 
was written after it became apparent that theie would be a short crop 
In 1920 another attempt fail^largely because it included price insur 
ance, and pnoes fell off sharply Still another attempt in 1981 and 
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1932 failed because of a sharp drop in prices But hail insurance, a 
specialized type, has proved successful 

Insurance nas quite frequently been written on fruit and vegetable 
crops, particularly against frost and freeze hazards Such insurance 
has sometimes been taken out only to protect the creditor There is 
little being written today, most of the companies having withdrawn 
from the field The experience was not always successful The 
hazards were so great that a single company could not afford to carry 
the risk and reinsurance on such business was difficult to arrange 
The large uncertain hazard for a single company necessitated high 
rates 

If crop insurance is to be made generally available to the farmer, 
probably the Government must assist Ihe Government is better 
able than private enteipiise to cany out the ventuie on a scale largo 
enough to reduce the impact of heavy losses in certain areas In&ur 
ance, where extensive puolic protection is at stake is not new for the 
Federal Government We have insurance of bank deposits, insurance 
of loans foi financing the construction and repair of houses, and life 
insurance for veterans A1s<k we have nnemmoyment insurance and 
a system akin to insurancx for providing old age annuities Crop 
insurance would provide the f aimer with a measuie of social security 
comparable in some wiys to the unemployment insurance and old 
age retirement from which he is excluded under the Social Security 
Act 

Cl op insurance, to bo successfid should have an actuarial basis 
There is little crop insurance experience to study and reliance must 
be placed on the loss experunci of f ii ners in gcncial with proper 
allowances for in adverse selection of iisks This Department is 
studymg the problem with data for individuil farms gathered mci 
dent to the adjustment programs of the AgriculturaJ Adjustment 
Administration These data cover a 5 to 6 year period which in 
eluded several drought years They aie supplemented by estimated 
average yield data for a long period The estimates of cost derived 
therefrom should be conservative The study emphasizes a type of 
insurance m which the coveiage would be a certam fraction of the 
yield on the insured farm Such a plan would not put a premium on 
the farming of poor land or on poor farmmg practices 

Differences among areas and counties are being studied, because 
rates would have to vary Rates based on average costs over a wide 
area would attract only those who were favored by these rates They 
would bring into the insurance group only farmers with risks greater 
than the average In that event the losses would exceed the premiums 
collected As far as possible, premium rates and insurance coverage 
should be so adjusted that each type of farmer and each type of farm 
would bear its own cost Over a period sufficiently long, each farm 
should bear its own cost 

Crop insurance must not benefit the shiftless at the expense of the 
thrifty, and the poor land at the expense of the good In large 
measure the msurance coverage and the premium rate should be 
based on the experience of the mdividual farm The insurance cov- 
erage for an individual farm should probably be a given percentage 
of me average yield for that farm The premium rate should pro^ 
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ably^ in a measure, be based on the average crop losses of that farm 
The data acquired for individual ferms m the agricultural adjust- 
ment program might provide a starting point 

Pbinciple of thf r vER Normal Granary 
Crop insurance would be an attempt to solve the problem of short 
crops But bumper crops have not been an unmitigated blessmg to 
the farmer Frequently a large crop sells for less than a medium 
or a small crop Both problems arise fiom wide variations m pro 
duction, the one bemg the counterpart of the other Perhaps a single 
solution could be worked out for noth problems Some system tmit 
would tend to level off the amount that individual farmers could and 
would plane on the market m various years would tend to solve both 
problems 

In line with this thought the Departmentj in its studies of the 
costs of crop insurance, has given some consideration to the possi 
bilities of the option of paying for the insurance “m kmd’ , out of 
the production of jears of sur^us Ihis should make the burden of 
the insurance premiums lighter and easier to bear In the sample 
studies that have been made the surplus production was calculated 
for each farm, the surplus production per acre being considered as 
the excess of the actual yield over the aveiage yield Only a fraction 
of that surplus would be needed to pay for insuring the yields up to 
75 jiercent of the aveiagi yield foi ea<h insured farm In fact for the 
C yeai period 19JO-d'5 ot ly fiom one third to two thuds of the sui phis 
protluction would be necissaiy to meet the net cost of such msuiance 
The plan, involving payments in kmd and payment of premiums 
only m years of surplus, would really become the ever normal granary 

E lan with crop msurance requirements seiving as an automatic regu- 
itor In years of surplus a part of the crop would be drawn off Qie 
market and put into stoiage — the amount so drawn off bemg regu 
lated by the predetermined msurance rates based on actuariaf calcu 
lations In years of crop failures the stored commodities would be 
released, the amount bemg automatically determined by the amount 
of mdemnities necessary as defined by the insurance contracts Smce 
the plan would operate automatically, with the commodities bemg 
released from storage only m case of crop failure, the commodities m 
storage would not be a potential supply on the market tendmg to 
depress the price 

During surplus years the removal of the excess commodities from 
the m^et would tend to support the price The part of the crop 
not used for insurance piemiums would still be more than the farm 
er’s average production, and with a supported price the mcome from 
the crop diould be reduced but little, if at all The release of com 
modities from stoiage in years of crop failure would tend to hold 
down the price, but fanners without a crop do not benefit from high 
prices Under this plan the farmers who lost their crop would m 
mdemnified, while the farmers who produced a crop would get at 
least average pnces , , , 

Furthermore, as a form of pn<» stabilivation this plan would re 
quire no funds to buy up the commodity Ihe participating farmers 
would proyide the capital in the form of premium payment in kmd 



48 


YEARBOOK, 1937 
Any Plan Should Be Optional 

While the above plan for crop insurance has many excellent fea- 
tures, it would present many problems. The Department is com- 
mitted to no sin^e plan. It is interested in all possible angles of the 
problem and in various possible plans. Certain plans may be suited 
to some areas, and other plans to other areas. Any plan adopted 
should be voluntary and optional with the farmer. 

Crop insurance is needed most in the single-crop areas. In regions 
of diversified farming the loss of a single crop is less calamitous. 
But though diversification is a form of self-insurance, it does not 
adequately offset losses from extensive droughts, floods, and infesta- 
tions. Another form of self-insurance is the accumulation of re- 
serves of feed and supplies and the accumulation of savings in some 
form of investment. But this method, too, needs often to be sup- 
plemented. 

Farmers have learned much in recent years about handling their 
local farm problems. Their experience under the A. A. A. should 
provide a base for the local administration of an insurance pro- 
gram. But if crop insurance is tried, it should be as an experiment 
and should be confined at first to one or two crops — wheat and pos- 
sibly corn or cotton. It should be limited in the beginning to areas 
where there is a real need and a real demand. It should not be con- 
sidered a complete protective program in itself, but should be part 
of a larger unified program involving soil conservation, retirement 
from farm uses of land unsuited to agriculture, judicious commodity 
loans, and the ever-normal granary. 

COTTON 

In some respects the cotton .situation is lietter no.w than it has lieeii 
for several years. This year’s crop of 12,400,000 bales (November 
estimate) is larger than that of 1934 to 1935, but the carry-over of 
American cotton is the smallest since 1930, and the world supply of 
America,n cotton is the smallest in 12 years. There is no shortage of 
American cotton. On the contrary the supply is more than ample, 
but in comparison with the situation in recent years the present sup- 
ply-and-demand relationship is not so unfavorable to the producer. 
In fact, returns to domestic growers promise to exceed those received 
for any crop since 1929. 

Since August 1932 the world carry-over of American cotton has 
been reduced from 13,000,000 to 7,000,000 bales. Though still some- 
what larger than an average carry-over, this quantity is 2,000,000 
bales below the carry-over m August 1935 and is the smallest in 6 
years. The total world supply of American cotton this season will 
be about ^ million bales less tjian in the previous season, despite 
the increase in the 1936 crop. 

Income to farmers for cotton marketed during the present crop 
year will probably be the largest since 1929-80, though about 80 per- 
cent below the average for the period 1919 to 1929. Among the 
causes of the improvement are of course i^very of business at 
home and abroad, changes in the supply position, and the reciprocal 
trade u^reements program which the Government has in^- 
tuted. This program l^efits cotton exporters by enabling foreign 
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buyers to cet dollar exchange Part of the advance which has taken 
place in the price of cotton since 1933 may be attributed to dollar 
revaluation Production control his been an impoitant factor The 
revaluation by itself would probably have encouraged farmers to 
increase their output and would have tended to counteract the influ 
ence of the monetary policy The improvement in the cotton situa 
tion is the outgrowth of numerous factors the separate influence of 
which cannot Im accurately measured 

Certain unfavorable aspects of the situation should be noticed 
World consumption of cotton in the 1035-36 season was about 
27,700 000 bales, the largest consumption on recoi d American cotton 
accounted for 12,500 000 biles, as compaicd iiith 11,800 000 bales the 
previous season Though Ameiican cotton lenicsentcd a slightly 
larger proportion of the coiisumxition in 1935-36 than it did in 1934-35, 
it was materially below the aveiage for the decide ended 1933 Mill 
consumption of foreign cotton on the othei hand, inci cased to a new 
high level and was above the 10 yeai average and above the consump 
tion of American 

Numerous factors contributed to this shift in the relative consump 
tion of American and toicign cotton, some of them of long standmg 
The production of cotton m other countiies increased rapidly after the 
World War, side by side with an increase in our own production 
Meantime trade restrictions throughout the woild, among which our 
own tariff policy exercised a large influence, tended to handicap our 
cotton expoit trade Foreign countiies tinned as much as possible to 
foreign cottons, particularly when they could offer industrial com 
modities m exthangt Ihey w intcd to buy wluie they could sell 
iiid the Ament iii t iiiff polity mule it difficult foi them to do so in 
the Uiuted btates 

Obstaci I s TO Cotton Lxport Trade 

When cotton puces and income fell to the low li \ i Is of 1932, it was 
evident that something had to bo done to help Amtiicaii glowers 
With the aid of the lotloral Goviininent domestic pioduceis under 
took to leadjust their output Ihc ensuing juice lecoveiy inevitably 
benefited foreign as well as Aineiicui '•otton glow ns, ind the trend 
toward relatively increased jnoduction of foieign giowths which had 
long been in evidence, continued, although perhaps not to the extent 
immied in the trade press 

Obstacles quite inaejiendont of oui jiroduction jHilicy stand m the 
w^ of increased foicign consumption of Americin cotton (1) The 
dimculty foreign consumeis still have in getting dollar exth inge, and 
so long as we bar out foreign goods this dimculty cannot gieatly 
dumniRh (2) Other countiies are foiging ahead in cotton production 
(8) The competition of other fibers is gt owing riiose obstacles, how- 
ever, can be surmounted Becent trends m our tariff policy are steps 
in the right direction Our advantages in cotton glowing arc sub 
stantial, and the world demand for cotton should contmue to increase 
When he can do so without losing money, the Ameiican giower will 
respond The Department is engaged m an extended cotton 
breeding progiam which should play its part eventually in making 
the Amerman cotton grower the most efiicient in the woild 
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WHEAT 

Despite the effects of the drought the total supply of wheat in 
the United States for the 1936-37 season is lar^ enough for the 
usual domestic requirements. Supplies of hard red spring wheat and 
durum wheat are short, however, and imports of these types will 
continue. The drought reached its greatest intensity in the hard 
red spring and durum wheat areas. The wmter-wheat crop was 
larger than that of 1935 and of good quality. Probably the spring- 
wheat mills wiU use a larger percentage of hard red winter wheat 
and Pacific Northwest wheat this year than they did last. More 
than the usual quantity of soft red winter wheat will probably be 
used in bread flour. It is expected therefore that tlie imports 
of milling wheat in 1936-37 will not exceed the 26,000,000 bushels 
imported in 1935-36. 

The Pacific Northwest, the principal white-wheat region, again 
produced a surplus. In 1933-34 the disposal of its surplus was 
danced out of processing-tax funds. In 1935-36 exporters in the 
Pacific Northwest were indemnified for losses sustained on exports 
to the Philippine Islands^ funds for which were made available from 
tariff revenues under section 32 of the amended Agricultural Adjust- 
ment Act. In this same year, as well as in 1936, considerable 
amounts of white wheat from tne Pacific Northwest moved east of 
the Rockies, some of it going into relief channels. Ordinarily, how- 
ever, wheat from the Pacific Northwest cannot compete east of the 
Roctoes with Great Plains wheat, which normally constitutes the 
bulk of our supply of bread wheats. In years of average United 
States production the Pacific Northwest must seek a market abroad. 

Since 1933 wheat prices in the United States have been high in 
relation to the world market price. They have ranged from 20 to 
80 cents a bushel higher than they would probably have done had our 
production been normal. Average or above-average yields in this 
country next year would give an export surplus ami cause an adjust- 
ment of the domestic price toward an export basis. On an acrei^ 
equal to that seeded for the 1936 crop, yields one-fourth telow the 
average would provide enough wheat for the usual domestic utiliza- 
tion. 

Our wheat farmers continue to expand their acreage. The area 
seeded for the 1936 crop was 7^500,000 acres, the largest on record 
with the exception of that seeded in 1919. In 1935 growers who had 
signed the A, A. A. wheat-adjustment contract had the right to 
plMt 95 percent of their base acreage. But many had seeded winter 
wheat in the fall of 1935, before tne contract was offered to them, 
and there was a tendency for farmers to plant larger acreages. In 
addition, nonsigners increased their seedings. Large acreage does 
not always mean large production. In years of normal growing 
weather, however, the existing wheat acreage in the United States 
will produce lar^ export surpluses, for which satisfactory outlets 
do not now exist. 

It is better to have a balanced acreage. With a balanced acreage 
less land shows a loss in drought years, and less wheat has to Be 
sold below cost in years of normal crops. In 1986 the soil-conserva- 
tion program provided payments to wheat growers for the diversion 
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of land from soil depleting to soil con«»rving crops However, the 
list of soil depleting crops included many crops besides wheat, and 
participating growers did not have to make any adjustment in their 
wheat acreage if they were in a position to diveit other land from 
soil depleting to soil conserving uses 

Cash farm income from wheat in 1936 miy be between $425,000,000 
and $466,000,000, exclusive of payments to wheat f irmors under the 
agricultural con eivation program The corresponding figure for 
1935 was $353,284,000, excluding the $115,368 000 in the AAA 
adjustment payments Cash faim income from who it in 1932 was 
only $196,860, COO Needless to say, the income fiom wheat this year 
w ill be very unequally distributed as a result of the drought Gro\i ers 
in the States worst affected will receive comp iratively little, while 
growers in the States mt affected will make lirgo returns This 
rough estimate of who it income rests piitly on the ixpcctation that 
world wheat puces in 1916-37 will be initeriilly higher than they 
were in 1935-36 Sever il inipoitint wheat countries, as well as the 
United States, have bclnv aveiigi production this year 

Distribution Wiihin thl I mti n STAris 

Market outlets w ill have moie effect on the distribution of wheat 
within the United States m the futuie th in they have exercised here 
toforo In the 1920 s theie was a good demand for wheat in the 
maikets of the world All tint was giown was sold at prices fairly 
remuneiative That is no longer the case Formerly this country 
exported princmally hard red winter, duium, and soft white wheats, 
there was a sumcient miiket at homo foi all or neiily all our hard 
led spiing and soft led wlieits Heieifter the absence of an 
adequate foreign demand may cieite new problems of internal 
competition 

Our high quality hard wheat is produced in the Great Plains under 
changing weather conditions and with widely fluctuating yields. 
OAer regions are not ad iptod to producing it Varieties of nard red 
spni^ and hard red winter wheat are giown to some extent in the 
Pacifm Northwest and in the Coin Belt, hut the pioduct is less desir 
able for milling than the wheat grown in the western Great Plains 
Farmers m the soft red winter wheat region may shift from wheat to 
other crops, as the prices of the latter crops rise in relation to wheat 
prices In the Pacific Northwest, however the farmers have fewer 
alternative crops to which they may turn, and this region will oontmue 
to be a specialized wheat region This area will continue to have a 
considerable surplus of the soft wheats for export 

In the Great Plains the bread wheats will be the mainstay Part of 
the area plowed during the 1920’s is better suited to ranching Else- 
where, however, the Great Plains will continue to produce wheat, 
despite the prevailing climatic and other hazards, because the wheat 
grown there has exceptional value for milling and because wheat in 
large areas of the Great Plains had a marked comparative advantage 
over other crops Measures should be taken to stabilize the inconw 
from wheat m this region so that the Nation may have a reasonably 
dependable supply of bread wheat 
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LIVESTOCK AND FEEDS 
Skcovebt in livestock production was under way last year follow- 
ing the 19W drought, but this year’s drought checked it. On Janu- 
ary 1, 1936, the number of grain-consuming animal units on farms 
was somewhat greater than it had been a year earlier, when it was 
the lowest since early in the present century. On the other hand, 
the number of hay-consuming animal units on farms was slightly 
lower than a year ago, though above the 10-year (1925-84) average. 
In January 1937 the number of both gram- and hay-consuming 
animal units on farms may be as low as, or even lower than it was, 
in January 1935. There w-as relatively heavy marketing of cattle 
and hogs in the fall of 1936, and close culling of dairy nerds and 
poultry flocks. Moreover, the fall pig crop was smaller than that 
of 1985. 

Total feed-grain production in 1986 was larger than that of 1934. 
There was a larger supply of hay and roughage. In con^uence 
the feed situation following the 1936 drou^t will be easier than 
was that following the 1934 drought. Farmers will be better able 
to winter their cattle, sheep, and work stock. But supplies of pork 
and the better grades of b^f will be reduced next year. They may 
be almost as small as in 1935. 

In 1936, for the third consecutive year, the demand for meats 
improved. Though lower than in the 5-year period prior to 1931, it 
was about equal in the first half of 1936 to what it was in the first 
half of 1931. Consumers spent for meat in this period about 12 
percent more than in the corresponding period of 1936. They spent 
about 60 percent more than in the first half of 1938. The improve- 
ment, of course, reflected general economic recovery. Theie nas a 
marked increase in both the total live and dressed weights of animals 
slaughtered under Federal inspection; the second half of the year 
will probably record a further increase. Total slaughter for the year 
will be much larger than it was in 1935, though less than the average 
for the 5-year period 1930-34. In 1937, however, both the number 
and weight of the animals slaughtered will decrease. It is not prob- 
able that total yearly slaughter will again be equal to the average 
of 1930-34 before 1940. The feed situation will affect the trend of 
hog numbers more than the trend of any other species of livestock. 

Indications on September 1 were that the 1936 com crop would 
be slightly smaller than that in 1934 and the smallest in 55 years. 
On the other hand, the production of oats, barley, and grain sor- 
ghums was large enough to give a combined production of ^d grains 
of approximately 68,S0O,OOO tons, as compared with 64,000,000 tons 
in 1934 and 93,000,000 tons in 1936. Cora prices will be relatively 
higher durir^ mo^ of 1937, and hog production will be sharply 
curtailed. Tnough the numher of hogs available for slaughter in 
the 1936-37 marketing year will be larger than in 1936-36, hog pro- 
duction for the calendar year 1937 will be smaller than in 1936. Hog 
prices for the marketing year beginning October 1 will probably 
average about the same as they did m 1935-36. 

Dei^ite the drought, the income to com and hog producers was 
materially larger than that of 3 years ago. During the winter of 
1982-33 &e farm price of hogs fell below $3 per 100 pounds, the 



THE YEAR IN AGRICULTURE 


53 


lowest level in more than 50 years Income from the sale of hogs m 
1932 amounted to only about $440,000,000, as compared with an in 
come of about a billion dollars for a number of years prior to 1930 
In 1936 the income from the sale of hogs was about $840,000,000, and 
the farm price averaged $8 80 per 100 pounds This sharp increase 
in prices and income from the depression level m 1932 occurred 
despite the absence of any material improvement m foreign demand 
for hog products The roreign market for United States hog prod 
ucts retains only a fraction of its former proportions Import re 
strictions in foieign countries and a marked revival m European 
hog production, which began effectively to curtail United States 
exports of hog products a number of years prior to 1932, continue to 
be the principal causes of greatly reduced exports Exports of pork 
and lard fell from about 2 000 000 000 pounds in the early post war 
years, to a little more than one third as much in 1932, and since have 
remained at approximately that level 

Uneven Distribution of Corn Hoc Income 
Although the income of faimeis in the Coin Belt States was much 
greater in 1936 than in lecent years its distiibution was very abnor 
inal In the States hardest hit by drought such as South Dakota, 
Nebraska and Missouri tlio supply of coin hogs, and other farm 
products for sale was very small and even though pi ices were very 
favoiable the income of fiiineis was small as compared with the 
income in the other Com Belt States, wheie the effects of the di ought 
were not nearly so gieat The uneven effects of the drought were 
reflected in uneven distiibution of firm income In such States as 
Nebraska and South Dakota wlitio faimeis had not recovered fiom 
the effects of the 1934 drought and where very little was obtained 
fiom the sale of cash ciops in 1936 the payments received foi par 
ticipatioii In the 1936 agricultuial conseivation piogiam constituted 
a substantial proportion of then total income for the year As was 
the case m 1934 payments foi participation in the agiicultural pro 
giam received by farmeis m the drought area's were in the nature 
of partial insurance agamst leduction in incomes resulting from 

C»Tn.E 

The general cattle situation was less influenced by drought in 1936 
than in 1934 In parts of the northern Great Plains, however, heavj 
liquidation of cattle was necessary Beef cattle numbers at the be 

S g of 1937 will probably be smaller than they were at the 
ing of 1936, though still above the average for the 10 years 
4 In January 1936 the total number of beef cattle, including 
calves on farms, wis approximately 32 300 000 head as compared 
vnth 86,100,000 head in 1934, when beef cattle production was near 
ing a peak in the typical production cycle Because of the reduced 
level of hog supplies, in competition for the consumers’ meat dollar, 
the cattle mdustiy is now in a rather favorable position, and for 
the next few years the trend in cattle numbers will probably be 
upwaid In the first half of 1936 the average price paid by packers 
for all cattle slaughtered under Federal inspection was $660 per 
100 pounds, or sli^tly lowei than that in the first half of 1986 
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Sheep 

Sheep and lamb producers fared comparatively well during the 
last months of 1936 and most of 1936. Prices were above the levels 
of recent years, though slaughter was relatively high. Sheep and 
lamb production in 1936 was less affected by drought than in 1934. 
The feed position is better for sheep at present than for hogs and 
cattle, though in the Com Belt many lamh-feeding areas have short 
feed supplies. 

The 1936 lamb crop was about 9 percent larger than that of 1936 
and only slightly smaller than the record lamb crop of 1931. Fur- 
ther expansion in the western sheep industi^ may be checked, how- 
ever, by grazing-control measures instituted for the public domain 
in western areas under the Taylor Act. 

The production of shorn wool in 1936 was slightly smaller than 
in 1935 and total supplies of wool on hand in tnis country at the 
end of June were smaller than a year earlier. Wool prices in 1936 
rose to the highest levels since 1929. Belatively high wool consump- 
tion in Europe and a relatively low foreign wool supply strengthened 
both foreign and domestic prices. 

In the United States, however, the consumption of wool during 
the first 7 months of 1936 was somewhat below that of the first half 
of 1985, though above the corresponding monthly average for the last 


10 years. 


DAIRYING 


Increased business activity and fuller employment caused an im- 
provement in the demand for dairy products, while the drought cur- 
tailed production. Prices for fluid milk rose and also prices for 
manufactured dairy products. Butter prices were 100 percent above 
the low point of the depression. Consumption of fluid milk and 
cream, which declined in the early years of the depression, turned 
upward in 1935 and continued upward in 1936. Markets that had 
been burdened with surpluses faced temporary shortages. The con- 
sumption of ice cream, and also of evaporated miflc and cheese, 
incre^d. With prospects good for further improvement in business 
activity and employment, the dairy industry expected continued im- 
provement in the demand for its products. 

It seems probable that the drought, like that of 1984, will have 
proportionately less net effect on dairy production than on the out- 
put of other livestock products. In 1934-35 total milk production 
per capita was only about 6 percent below the peak of 1931. Dairy 
production in 193^7 will probably be only from 5 to 7 percent less 
than it would have been had the weather of 1936 been normal. How- 
ever, the effects of the drought will be felt in 1987-38 in a reduction 
in the number of cows on farms and in the number of heifers raised. 
It is expected that the number on farms will decline in 1937 to a 
relatively low level, owing to the heavy reduction caused by the 
drought in the supply of leed. 

Between January 1, 1927, and January Ij 1934, the number of 
milk cows on farms increased 21 percent. This was much more than 
the proportionate increase in the human population. In fact, in 1984 
the number of cows per capita was the highest in 85 years. From 
this point the drought of 1934 caused a ds^ne, which continued in 
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1985 By J anuary 1, 1986, the number of milk cows per capita was 
about equal to the average for the 80 year penod 1900-1929 

The tiade agreement with Canada that went in effect on January 
1, 1986, contains provisions affecting the dairy mdustry It provides 
for a reaction of the import duty on cream from 56 6 cents a gal 
Ion to 86 cents a mllon on not moie than 1,500,000 gallons annuuly, 
and also for a reduction in the duty on Cheddar cheese in onginal 
loaves from Y cents a pound, with a minimum of 35 peicent ad 
valorem, to 5 cents a pound, with a minimiim of 25 peicent ad 
valorem However, the reduced rate on cream is 5 cents a gallon 
higher than the rate established by Presidential proclamation effec 
tive June 13, 1929, it is the highest rate on cream the United States 
has evci had, with the exception of the rate estabhshed m the Tariff 
Act of 1980 The reduction in the rate on Cheddai cheese bungs it 
down to the level that was in effect from September 1922 to June 
1930 

In the first 6 months of the agreement the importation of cream 
amounted to only 6233 gallons The total imports of cheese 
amounted to 24,400,000 pounds — about the same as the relatively low 
imports of the first halt of 1935 Canada contiibuted about a sixth 
of the total In judging the effects of the reduced tariff rate on 
cheese it should be remembered that less than 6 percent of the milk 
produced in the United States goes into the pioduction of cheese and 
also that our imports of Cheddar cheese aie a small piopoition of 
our total cheese production The reductions in the tariff rates on 
cream and cheese will have little or no effect on the level of dairy 


The 1986 tobacco ciop on the basis of Scpteniliei 1 indications, nas 
the smallest since 1921 uith the. exception of the crojis of 1932 
and 1934 It amounted to 1,142,900,000 pounds, or 11 9 percent below 
the production of 1935 and 162 percent below the average for the 
7-year penod, 1923-29 Drought conditions were mainly re^nsi 
ble for the rrauction In many tobacco areas the acieage planted 
exceeded that of 1935 Only the cigar binder, the cigar wrapper, 
and the Georgia Florida flue cured types showed an increase in 
production Tne production of all other types was much below that 
of last year, and the quality in many of the drought areas was 
impaired 

However, the stocks of domestic tobacco (farm sales weight) held 
by dealers and manufacturers, though 1 5 percent below those of 
1985-86, were still 24 6 percent above the 7 year average, 1928-24 
to 1929^ The available supply is estimated at moie than 200 
million pounds above normal requirements for domestic consumption 
and exports and for carry over at the end of the year The consump 
tion of nearly all tobacco products increased in 1936 In the first 
7 months of the year cigarette consumption reached an all time record 
for that penod Indications are that the increase will continue 
Tobacco consumption per capita does not seem to be much affected 
by change in pnee, but it mcreases with business recovery and em- 
ployment Our tobacco exports increased Flue cured tobacco, the 
predommant export type, represents about 70 percent of the total 
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exi>orts; and the exports of flue-cured tobacco in the last fiscal year 
were 32 percent above those of the preceding fiscal year, though 2.3 
percent below those of 1933-34. Exports of Marvland tobacco 
increased in 1936, while exports of other types declined. 

Should the weighted average price for all types of tobacco 
not fall below the Au^st prices for the Gteorgia and Florida flue- 
cured type and for the South Carolina flue-cured, the income to 
farmers from the sale of leaf would be about equal to what it 
was in 1936. fruitS AND VEGETABLES 

Fbutt and vegetable production, according to the September esti- 
mate, was about 11 percent less than in 1935, 9 percent less than in 

1934, and about 6 percent below the average for the period 1928-32. 
Truck crops decrea^ 13 percent, all fruits 9 percent, potatoes 20 per- 
cent, and sweetpotatoes 19 percent. On the other hand, truck crops 
for fresh market shipment were about 5 percent larger than in 1935. 
Eeduced plantings and the drought were the chief causes of the drop 
in the production of truck crops for canning, of potatoes, and of 
sweet^tatoes. Fruit crops suffered comparatively little from the 
drou^nt, but a severe late spring frost dama^jM apples, peaches, 
cherries, and grapes. Favorable growing conditions later failed to 
offset the damage, though citrus production was larger than in the 
previous year. 

Acreage planted to all truck crops for canning was about 4 percent 
less than in 1935, but slightly larger than the liarvested acreage in 
1935 or in any previous year. Abandonment was substantial, owing 
to the drought. Drought and heat combined reduced the yields, which 
for all canning crops were about 10 percent below those of the pre- 
vious year, and, in fact, were the lowest on record. Drought damage 
was severe to sweet corn, snap beans, and green peas. The total sup- 
ply of canned vegetables will be about 10 percent below the figure for 

1935, but 19 percent above 1934. Production of vegetables for fresh 
market shipment was higher than in 1935 owing to an increase in the 
acreage. Yields were generally about the same, though dry weather 
injurSi late cabbage. On the whole, the supply of fiesh vegetables 
was ample. Income to the growers, moreover, was higher than for 
several years. 

Potato production was estimated at only 312,000,000 bushels, as com- 
pared with 388,000,000 bushels in 1935. The acreage, however, was 
10 percent less, and drought damage was severe except in the far 
West. For the country as a whole the indicated yield was only 97 
bushels per acre, as compared with 109.2 bushels in 1935 and a 10-year 
(1923-32) average of 112.7 bushels. Sweet^tato production, though 
small in comparison with that of 1935, was above the 5-year (1928-32) 
average. 

In fruit production the 9-percent decline was largely in apples, 
peaches, cherries, and grapes. The apple crop was 35 percent less 
than in 1936 and was the smallest since 1921. Production of pears, 
apricots, fresh plums, prunes, strawberries, cranberries, and citrus 
was larger tlian in 1935. Citrus production may be one-sixth larger 
than last year, while production of all fruits combined, except apj^es 
and citrus, may be 12 percent smaller. 
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POULTRY 

With poult^ flocks not fully recovered from the reductions caused 
the 1984 drought, the drought of 1936 is causing reductions again 
HoTrever, hatchings increased greatly last spring There will prob 
ably be as many laying birds in farm flocks at the beginning of^l937 
as there were a year before 

One important effect of the drought will be observed in the relation 
of egg prices to feed prices When feed prices rise more than egg 
prices, sales of laying birds tend to be greater, production per bird 
declines, and in the spring some reduction m hatching occurs The 
hatch of 1935 was reduced following the drought of 1934 because of 
an unfavorable relationship between feed prices and egg prices 
Hatchings in 193T may decline similarly 
On the whole, prices of eggs and poultry m the first part of 1986 
have been favorable to the producer Poultry prices, however, are 
now declining After the drought liquidation ceases they may re 
sume the upward trend of the last 3 years Egg prices in early 
1937j if they follow the course set after the drought of 1934, may 
contmuo the present rising tendency 

AGRICULTURAI CREDIT 

Fabm CREDIT conditions hue impimeil mitciiilly during the last 
yeai or so, largeW as a lesult of iinpiovement in farm incomes and 
a large amount of refinancing for long terms at low rates of interest 
In 1935 the demand for farm mortgage loans declined sharply but 
remained more nearly steady in the first half of 1936 Private lend 
ers began to return to the farm loan field , and borrowers had the 
further advantage of continued low mterest rates 
The character of the 1936 mortgage financing, moreover, was very 
different from that for the last 8 or 4 years Loan applications to 
an increasing degree were from farmers who were m no particular 
emergency An increasing number of the applications received by 
Farm Credit Administration agencies were made by young farmers 
and tenants The mcreased prices of farm commodities were en 
couraging them to try to become farm owners A large proportion 
of the other applications were made by farmers interested mainly in 
refinancing their debts for a long term of years in order to take 
advantage of the existing low mterest rates 

The passing of emergency financing among farmers with a reason 
able amount of collateral for farm mortgage credit is mdicated by 
the decline in the number of applications for loans from the Fedeial 
land banks and the Land Bank Commissioner and by the reentry 
of private lending agencies into the farm mortgage field Appli 
cations for land bank and Commissioner loans declined from 20,000 
a week at the peak in 1933 to fewer than 3 000 a week in the summer 
of 1985 and to an average of 1^620 a week by May 1936 Private 
lending agencies that were estimated to be doing only about 28 
percent ^ the farm mortgage business m the first quarter of 1934 
and 49 percent during the first quarter of 1935 were doing approxi 

mately 70 percent of the business by the middle of 1936 

Dunng the first half of 1936 new loans of the Federal land banka 
were about offset by repayments and liquidation of loans as their 
J88004*— 87 6 
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loans outstanding remained about steady. Commissioner loans out- 
standing increased slightly. Loans made by other leadine lending 
agencies did not (}uite offset repayments and liquidation as their loans 
outstanding contmued to decrease, but at a reduced rate. Further- 
more, there was some evidence in farm-mortgage recordings that 
farm-mortgaM loans made by individuals were on the increase. 
Some debt aistress persisted, however, in areas that had suffered 
partial crop failures for several years, and among farmers whose 
debt charges reflected previously excessive farm valuations. In spite 
of this, the general situation had improved to the extent that Com- 
missioner loans, which in amount are about 63 percent second- 
mortgage loans, were decreasing at a more rapid rate than were the 
land-bank loans made during the first half of 1936. 

The principal backset to a more rapid improvement of the farm- 
credit situation came when drought developed again this year. As a 
resultj there was an increased demand for loans for relief and 
rehabilitation by midyear. 

Farm-Mortgage Debt 

It is unusually difficult just now to estimate the amount of the 
total farm-mortgage debt in the United States because so much re- 
financing has been done recently. Adequate statistics are not avail- 
able to ^ow the net changes produced by the delinquencies, the fore- 
closures, the compositions, the extensions, and the charge-offs of 
recent years. The last official estimate placed the amount ftt 
$8,000,000,000 as of January 1, 1934. There are no precise data on 
all the changes that have taken place since then, but indications are 
that through foreclosures and other means the total has been brought 
down somewhat from the 1934 fi^re. Needless to say, the amount 
of the farm debt does not by i^Tf indicate the financial position of 
the farmers. Whether or not it is burdensome depends on the size 
of the debt relative to the farm income out of which principal and 
mtcrest payments can be made. 

Licensed member banks of the Federal Reserve System held farm- 
mortgage loans amounting to $253,000,000 in the first quarter of 1936, 
as compared with $263,000,000 in the first quarter of 1935. Farm- 
mortgage loans held by agencies of the Farm Credit Administra- 
tion totaled ^,869,089,100 in January 1936, as compared with 
$2,586,206,691 in January 1935. These figures, however, do not 
indicate the whole trend, as financing throu^ other agencies is quite 
important, though details are not available. 

Farm borrowing for current production increased during the past 
year. Agricultural prices were at the highest level since 1930, and 
some expansion took place in farm acreage and livestock breeding. 
Many countnr banks increased their loans to farmers for current 
production, though frequently their total loans showed little change 
Lending by the production-credit associations of the Farm Credit 
Admimstration increased. In May 1936 the outstanding loans of 
these production-credit associations totaled $135,4674214, as compared 
with $101,269,485 in May 1935. It is characteristic of the early 
phases of agricultural revival for current production loans to in- 
crease more rapidly than mortgage financing. 
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Federal credit agencies during the year aided fanners through 
low interest rates interest rates on outstanding Federal land bank 
loans, which had been temporanly reduced in 1935 to 3V4 percent, 
were continued by legislation on that basis for the penod ending 
June 30, 1937 On new mortgage loans the Federal land banks con 
tinued to charge 4 percent per annum Other hnanciiug agenaes 
offered low interest rates likewise, and the first half or 1936 saw 
some increase in farm mortgage lending Feed and seed loans made 
by the Federal Government, new lending by commercial banks, and 
loans from the production credit associations helped farmers in some 
areas to pay cash for more of their supplies and reduced the volume 
of costly store credit The Resettlement Admmistration enlarged its 
activities in handling distress cases and by April 1936 its total 
loan commitments had risen to $63,793,000 After the drought the 
volume increased more rapidly 

The drought, of course, is complicating the farm credit situation 
and delaying liquidation Short term credit by the Farm Credit Ad 
ministration agencies and by commercial banM amounted at ^e end 
of 1934 to sbout $1 121 000 000 Other personal loans store credit, 
credit extended by implement firms, and loans negotiated by farmers’ 
coowrative associations made up an important additional amoimt 
Probably the total short term credit outstanding did not change 
greatly between the end of 1934 and the middle of 1936, as country 
bank loans outstanding continued to decline and outstanding shoit 
n loans by Farm Credit Administration agencies continued a steady 

Character of New Short Term Credit 

As in the case of farm mortgage credit, more important than any 
change in the amount of short term credit outstanding was the change 
in the character of the new short term credit being extended during 
the first half of 1936 More of it was for productive purposes and 
less of it for emergency financing of old debts As an example, total 
short term credit extended by Farm Credit Administration agencies, 
including the emergency and relief agencies durmg the first half of 
1936 declined steadily and was less than for the same period the year 
before On the other hand, loans made by the production credit 
associations alone increased during the first half of 1936 and were 
larger than for the same period a year earlier 

After the midyear, however, the drought increased the demand for 
short term credit of a relief nature, whim had fallen off in the spring 
months of 1936 Emergency crop loans and drought relief loans out- 
standing have steadily increased since 1929 and 1930 and now con- 
stitute more than 40 percent of the total outstandingshort term credit 
administered by the Farm Credit Administration Tn addition, loans 
or grants in the more distressed cases are being made by the R^ttle- 
ment Administration 

AGRICULTURAL TAXES 

Tax levies per acie on farm real estate have changed on an average 
very httie m the last 8 years They run about 64 percent above pre- 
war (1918) level and about 86 percent below the level of the peak 
year 1929 Factors govemmg the farm taxation trend include, of 



60 


YEARBOOK, 1937 

course, the volume of the farm income, the expenses of locfll and 
State ^vemment, and the extent to which taxing bodies rely on tiie 
properly tax for revenue. With respect to all these factors uiere are 
some fovorable indications. 

As invested earlier in this report, the outlook for the national farm 
income is favorable despite this year’s drought, though the i^onal 
distribution will be extremely abnormal. There is a possibility of 
continued economies in local and State e^nses. Further drastic 
cuts, however, are unlikely as great curtailment has already been 
accomplished; moreover, local l^ies may have to assume more ra- 
sponsibility for activities recently supported heavily by Federal aid. 
As to the place of the property tax in State and local revenues, 
progress is being made toward developing additional sources, and 
toward shifting part of the burden from real estate to other forms of 

l^me^ the Auctions that have been made in farm-realty taxation 
are the result of curtailment in essential public services. For ex- 
ample, school terms have been reduced and teachers’ salaries lowered. 
Scnool budgets, in fact, have been drastically cut in many areas. 
Relief and rehabilitation expenditures have been extremely heavy, 
but the diversion of these expenditures to State sales and to Federal 
taxation has been a factor in lowering the farm-tax burden. As yet 
not much farm-tax relief has come from the reorganization of local 
and State, governmental machinery, though this method offers impor- 
tant opportunities. 

Improvement in farm income will have a dual effect on the farm- 
tax situation. It will decrease the burdensomeness of any given tax 
payment, but it will also lessen the economic pressure towara further 
tax decrease and even toward continuation at the present levd. As 
mentioned above, many of the decreases in real estate taxes during 
the past several years have been made possible by curtailment of 
basic governmental services. Such curtailments have in many com- 
munities been deplored and have been considered only temporary 
expedients. With further improvement in the economic si^ation 
and in farm income there undoubtedly will be a decided tendency to 
restore the curtailed services to their previous levels. The tendency 
probably vrill extend also to increases m any services which before the 
recent curtailment had been locally considered as inadequate. 

_ Over a long period of yews preceding 1929 there had been a prac- 
tically continuous increase in average farm real-estate taxes per acre 
for the country as a whole. This is demonstrated by a preliminary 
index compute by the Bureau of Agricultural Economics for the 
period 1890 to 1918, coupled with the Bureau’s current series 
([1913-84) and a preliminary 1935 estimate. These series indicate an 
increase of about 267 perc^t in farm real-estate taxes per acre from 
1890 to 1935. General price levels for the period increased about 
40 percent, but even if adjustment is made for the price factor, 
there remains an increase of over 160 percent in farm real-estate 
taxes per acre. This figure of 160 percent should not be assume 
to be altogether accurate, because changes in the general price level 
may not well represent changes in the composite price of govern- 
mental services, but it is believed to be a useful approximation for 
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the present purmse On the assumption that local government effi- 
ciency remained the same, these increases beyond the increase in 
prices should largely represent increase in governmental services 

The importance of this trend as it affects the future is its sugges 
tion of a more or less constant demand for expansion of the services 
furnished by local and State governments So long as such demand 
continues, there probably •will be a decided tendency for farm taxes 
to increase in periods when farm income is relatively satisfactory 
and taxes are consequently less burdensome The effect of this again 
will be influenced by any substitution of other tax sources for real 
estate taxes 

There is hea'vy accumulated delmquency m farm taxation in many 
States The acreage delinquent seems to hive reached a maxiTnnnn 
in 1932 Probably the amount of taxes delinquent continued to in 
crease until 1934 These arrears, which farmers are beginning to 
pay up, often exceed their current tax bills, and farmers tax pay 
ments in many cases will similarly exceed their bills for current 
taxes 

MARKETING AGREEMENTS 

MABKETiNa progiams authoiired in the original Agricultural Ad 
justment Act and modified under the subsequent amendments con 
tinue to help farmers to sell milk fruits and vegetables to better 
advantage As of July 1, 1936, there were in effect 39 marketing- 
agreement, order, or license programs They included 21 licenses 
and 3 orders for fluid milk markets, 1 marketing agreement and 1 
license for the national evapoiited milk industry, 1 marketing agree 
ment for the national dry skim milk industry, and 11 marketing 
agreements supplemented by 4 licenses ind 6 orders for 11 such 
Cl ops as fruits nuts and vegetables With processors, handlers, and 
farmers’ coopeiative associations acting together under these pro 
grams, destructive competition his diminished, and more stable mar 
keting conditions have been established Launched as emergency 
measures, the programs have come to be valued for peimanent use 
Many of the more successful have been built on foundations already 
laid by the f aimers’ cooperatives Others have given the initial 
impulse to coopeiative marketing in various localities They have 
he^d farmers to coordinate marketing with production and to 
apply up to date methods of soiting grading, and distiibution 

After the decision of the United States Supreme Court m the 
Hooiao Mills case, it became necessary to reorganize the administra 
tive set up for dealmg with marketing proems Marketmg activi 
ties that had previously been handled by the commodity divisions of 
the A A A were centered in the Division of Marketing and Market 
mg Agreements Meantime, regional divisions were established for 
a^inistering the Soil Conservation and Domestic Allotment Act 
The AAA continued to develop and administer marketing pro 
grams, because the sections of the act relating to these activities were 
not before the court m the ffoosaa Mills case In subsequent suits, 
however, the marketing agreement provisions of the Amcultural Ad 

K ' lent Act have been questioned The issue is whether the Hoosao 
decision did or did not invalidate the marketing agreement 
features along with the crop control provisions of the act 
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Final determination of the matter awaits action ^ the Supreme 
Court. In two out of three cases considered by Federal district 
courts, the marketing-program provisions of the Agricultural Ad- 
justment Act have been upheld. In United States v. Hugh David 
Edwards, Judge Yankwich, of the United States District Court for 
the Southern District of California, found the marketing-agreement 
and order sections of the act to be sparable from the crop-adjust- 
ment and processing-tax provisions. In United States v. David But- 
triok et m., Judge Brewster, of the United States District Court of 
Massachusetts, took a contrary view. He held that the marketing- 
agreement and order provisions were inseparable from the crop- 
control and processing-tax provisions. Later, in United States v. 
Jerry Buckley et td.. Judge St. Sure, in the United States District 
Court for the Northern District of California, continued in effect 
a restraining order that had been issued to halt violations of an order 
issued by the Secretary regulating the handling of deciduous-tree 
fruits. 

As required by the amendments to the Agricultural Adjustment Act 
which were approved August 27, 1935, the Administration is replacing 
licenses with orders and carrying out the other requirements of the 
amended act. It has been possibfe to establish for various milk areas 
conditions tending to give all the producers an equitable share in the 
market. The agreements and orders usually provide for the classifi- 
cation of milk according to its use by the handlers; for the payment 
of minimum prices by handlers, and for the payment of uniform 
returns to producers under pool plans. Proems for the marketing 
of fruits and vegetables are simpler. They deal principally with the 
rate at which produce is sliipped to market and tend to adjust market 
supplies more nearly to the prevailing demand. They affect, of course, 
only commodities already producea and ready for market. Addi- 
tional programs are being developed at the i^uest of producers and 
handlers, with the latter group snowing an increased recognition of 
the fact that they have a common interest with fanners in the mam- 
tenance of fair prices to producers. 

Surplus-Removal Operations 

Surplus-removal operations have been developed as a supplement to 
the marketmg-agreement programs. The authority is section 82 of the 
amendments of August 1935 to the Agricultural Adjustment Act. 
This section makes available an amount equal to 80 ]^rcent of the 
annual customs receipts for the encouragement of exports and the 
diversion of surpluses to other uses. Congress has subsequently 
amended it so as to include Government purchases of surplus farm 
products for relief distribution. The funds it makes availaole are in 
addition to congressional appropriations for the purchase of surplus 
dairy products for relief dMribution. Operations under the section 
have dealt effectively with a number of farm-surplus situations, 
though the method is not universally applicable. 

Advanta^ have resulted^ both to producers and to the needy. 
Surpluses t^t might otherwise have j^ne to waste have been movra 
into consumption, with a net gain both in farmers’ prices and in food 
consumption among low-income groups. The purchases for relief 
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distnbution have included apples, citrus fruits, prunes, pears, dried 
beans and peas, onions, turnips, cabbage, carrots, and eggs In addi 
tion, the fwds available under section 32 have made it possible to 
find new uses and new outlets for some farm products More than 
a dozen surplus diversion programs are in operation, under agree 
ments between the Secretary and organizations of producers and 
handlers They include programs for walnuts, pecans, laisins, 
prunes, dried figs, California fall and wmter pears, dark air cured 
and fire cured tobacco, peanuts, and cotton 

The diversion pro^ams authorize purchase of the commodities 
on the basis of grades or other requirements, at prices approved by 
the Secretary or Agriculture The industry groups sell the products 
to anyone who will contract to convert them into oi^roduct or other 
authorized uses Differences between the prices received and the 
prices paid for the products, plus incidental handling costs, are 
made up out of section 82 funds Other types of diversion pro^ams 
do not involve agreements between the Secretary and any mdustnal 
group In these cases the diversion payment goes directly to indi 
viduals who comply with the requirements For example, in a pro- 
gram designed to increase the erooitation of pecans, the diversion 
payment went to the exporters ana represented tne difference between 
the domestic buying price and the export sellmg price 

The benefits have much exceeded the costs f^rchases of prunes 
for relief distribution mvolved only a small outlay, but the opera- 
tion prevented a disastrous break m prune prices, and in fact caused 
an advance m the market for the entire crop Frequently the diver 
Sion of surpluses into relief or other channels outside the usual course 
of trade brought about an increased distribution of the commodities 
through ordinary trade channels It had this effect because the 
resulting price gain removed any incentive to let the products go to 
waste Certain of the diversion programs include effoits to develop 
and expand uses for various products In other cases, as for ex 
ample, the export program for pecans, the programs introduced the 
commodity into markets previously unfamiliar with it 

Mabkbting Problems 

The fanner’s interest in marketing is less direct than his interest 
in production, because as an individual he must take the marketmg 
system about as he finds it It requires group action such as the 
organization of cooperative associations or the passage of l^slation, 
to make significant changes m the marketing system There are 
some thmgs the individual farmer can do He may choose between 
grading hm crop, or selling it field run between selling it at harvest 
time or stonng it, and between selling it to a local buyer or to dealers 
m central or terminal markets Sometimes he can sell direct to the 
consumers Federal inspection services, and the Federal market- 
news service, give the farmer increased facility in marketmg But 
as an individual there is not much he can do to lower the costs of 
marketing or to make the distribution system operate more smoothly 

Farmers believe, however, that substantial improvements can be 
effected through legislation and through cooperative action They 
are impressed with the size of the national bill for transportation. 
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processing, and marketing. Even before the depression^ in the dec- 
ade of the 1920’s, transportation, processing, and marketmg absorbed 
about 66 cents of the consumer’s food dollar. At the bottom of the 
depression these services absorbed about 67 cents. Since 1983 the 
proportion left to the farmer has increased, but it is not yet back 
to what it was before 1^9. This fact is not in itself a proof that 
marketing and distribution are inefficient or extortionate; but it is 
evident that we need to be concerned with the cost of these services 
fully as much as with the costs of production on the farm. The 
whole subject needs thorough study; and farmers’ organizations show 
an increasing awareness or the fact. 

One way to reduce the costs of marketing and distrihution is to 
suppress unfair and dishonest trade practices and to prevent rack- 
et^ring. Enforcement of the Perishable Agricultural Commodities 
Act, the Packers and Stoclqrards Act, the Grain Futures Act, and 
the Food and Drug Administration Act has had a salutary influence. 
Investigations by the Federal Trade Commission have raised the 
standai^ of commercial practice. Trade regulation by State and 
municipal authorities contributes to the same end; in fact, many 
phases of agricultural marketing are necessarily in State and locd 
Jurisdiction, since they do not affect interstate commerce directly. 
But the problem usually transcends local or State lines. It is ob- 
vious, for example, that the California artichoke grower has a direct 
interest in preventing an artichoke racket in eastern markets. In 
many cases Federal, State, and local authorities must cooperate in 
preventing unfair trade practices, and perhaps in working out coordi- 
nated programs for improvement. 

Besearch and service agencies^ both Federal and State, must go 
beyond the provision of commodity inspection and market news, and 
the suppression of unfair trade practices. There is need for a posi- 
tive program to improve the marketing system. Much could be 
done to promote efficient, low-cost handling of commodities, and to 
improve both the placing and the timing of the distribution. Many 
crops do not yet go to all the places where they could be profitably 
sold, and do not reach all their possible markete at the most advan- 
tageous moment There is a field here for significant improvement. 
But the problem is so intricate and involves so many aspects of 
intercommodity competition that cooperative study seems inmspensa- 
ble to effective Federal and State action. 

Rapid Pkogress Unlikely 

It is unwise to expect extremely rapid progress. Our delicate and 
complicated marketing system has evolved gradually, in response to 
gradually changing conditions. Sudden and drastic overhauling 
might wreck it. But adjustments here and there are urgently needed. 
Rewnt years have seen important developments to which parts of 
the marketing system have not become well-adapted. The growth 
of large-scale processing and distribution raises new maiheting prob- 
lems. Motortruck transportation, commodity exchangesj and direct 
buying also have an important bearing on the marketing process. 
Study of these matters is a necessary preliminary to the development 
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of a legislative policy that will b© fair to producers, distributors, 
and consumers 

One part of the marketing machinery which obviously needs ad 
justment is the wholesale and jobbing markets for peiishables In 
many large cities the cost of marketing and distributing perishables 
seems unnecessarily high City marketing facilities have not been 
fully adapted to the motortruck, to direct purchasing by chain stores, 
and to other recent developments Competitive bmlding of railway 
terminal facilities has tended to split markets and has added to the 
costs of both buyer and seller Trucking and rehandling could be 
greatly reduced in many large cities through better coor£nation of 
the available facilities A related problem arises from the develop 
ment of regional or concentration points in the country ^veral 
types of regional markets have grown rapidly since the beginmng 
of the depression, and continuation of the growth will require research 
to keep it on sound lines 

An alarming development is a tendency toward the exclusion of 
outside foods iiom some markets and some States Local protection 
ism of this type is profoundly repugnant to the spirit of our institu 
tions and dimmishes the Nation’s prosperity exactly in the same 
manner as the excessive development of internstional tariffs dimin 
ishes the volume of international trade Among the causes of this 
country’s prosperity in the past, free trade among the States ranks 
high , and no consideration of a purely local nature should be allowed 
to interfere with it 

In the handling of certain products, for example milk, health fac 
tors enter , and the right of the several States to impose and enforce 
sanitary regulations cannot be questioned In other cases it may be 
necessary to limit free trade in ordei to prevent the spread of insect 
pests or diseases, or for other sound reasons of public policy No 
one should object to such legislation when it really contributes to na 
tional welfare But there can be little doubt that in some cases the 
welfare of consumers and similar considerations have been used as 
an argument for regulations the main purpose of which is to benefit 
one group of producers at the expense of other groups 

Such legislation, if it is effective at all, prevents efficient produc 
tion and efficient marketing If carried to extremes it will raise food 
prices and lower consumption without benefiting producers Tempo 
rary advantages gained oy producers m one locality may be nulli 
fied by retaliatory legislation in other localities It is extremely 
important to mamtain among the States as high a degree of free 
trade as is consistent with the other legitimate objects of public policy 

INSECT CONDITIONS 

Climatic factors played an important part during the year in the 
abundance and destructiveness of many major insect pests The 
tent caterpillar and cankei worms contmued to occur in outbreak 
numbers in many sections of the Eastern States, and to defoliate 
trees over rather laige areas In the same general region, however, 
the codlmg moth and the oriental fruit moth were less abundant 
than normally One of the introduced sawfiies which feeds on grasses 
and grains was unusually abundant and destroyed wheat plants in 
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certain parts of the upper Ohio Valley. Various kinds of cutworms 
were destructively abundant generally throughout the region east 
of the one hundredth meridian. The cotton boll weevil was less de- 
structive than in average years. The cotton leafworm inv^ed the 
fields unusually earlyj stripping the plants over large areas in Texas 
and adjoining States in the Cotton Belt. The bollworm, or com ear- 
worm, was more destructive to cotton than in any year since 1929, 
but was generally scarce in corn over the eastern half of the country. 
It occurred in outbreak numbers in many sections in the west, and 
caused material losses of tomatoes. The house cricket was unusually 
abundant in many localities in the East. The abundance of these 
and many other insects is affected rather directly by the weather 
conditions. Some kinds, for example the periodical cicada, which 
occurred this last ^ring generally throughout the United States, are 
little affected by changes in weather conditions. 

A few of the less familiar insect pests, such as the vetch weevil, 
the pepper weevil, tomato pinworm, cherry scale, and vegetable 
weevil, were found in new localities. A scale insect which had not 
previously been reported from the United States was discovered m a 
limited area in California and eradicated by the cooperative effort 
of State and Federal agencies. 

During the summer of 1936 grasshoppers occuiTed in outbreak 
numbers in several of the Western and Middle Western States, but 
not to the same extent as they did in 1934. During the 1985 season 
the application of poison bait left over from the previous year mate- 
rially contributed to reducing their numbers and protecting crops in 
several of the more severely infested States of the northern Plains 
region, particularly North Dakota. Drought conditions in the spring 
of 1936 were, however, very favorable for the development of grass- 
hoppers, and outbrealm, accompanied by material damage, occurred 
in Nebraska, Iowa, Kansas, Missouri, Oklahoma, Minnesota, Mon- 
tana, New Mexico, Arkansas, and eastern Colorado. This condition 
was anticipated and State officials for those sections, where coopera- 
tive surveys had been made the previous fall, were fully informed 
as to the possibility of grasshopper outbreaks, together with the esti- 
mate of the amount of material tnat would be needed to combat them. 
The area surveyed did not include Missouri^ Oldahoma, and Arkan- 
sas, and accurate information was not available as to the sections 
of there States where the outbreaks were expected. 

Limited amounts of bait materials left over from the previous 
control campaigns or secured through local and State agencies were 
available in a few sections only. These amounts, together with those 
secured with the special congressional appropriarion of $250,000, 
made late in June 1936, were not adeijuate to meet the need, and 
farmers were urged to secure and distribute additional bait to pro- 
tect their crops and reduce the numbers which menace next year’s 
crops. The grasshoppers developed into winged forms perhaps a 
month earlier than usual and in the absence of food and effe^ive 
control moved generally throughout the area, including sections 
where they had not been abundant previously. 

The great numbers of chinch bugs that entered hibernation in the 
fall of 1984 presaged the most-severe outbreak of this pest in 60 
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years Fortunately, the cold, wet spring which occurred over most 
of the area was so destructive to the bugs that outbreaks developed 
only in a few sections It was, therefore, not necessary to use the 

r sial authorization and appropriation for chinch bug control m 
summer of 1936, and only $48,000 was expended of the $2,000,000 
provided as an insurance fund to protect com from bugs of me first 
generation 

The Furopean com borer caused severe damage in limited areas 
along the eastern seaboard, particularly to sweet com With the 
aid of an allotment from emergency funds, a survey was earned on 
to determine its spread, distribution, and relative abundance through- 
out the previously known infested area To determine the status in 
the known infested area, 1,124 townships and 64 counties of 11 States 
were surveyed DuriM this survey 5 817 fields and 32,578 acres of 
com were inspected This survey disclosed that there was a general 
increase in borer abundance through much of the infested area To 
determine the possible spread of the borer into new areas, scouts 
visited 712 townships in 28 counties in 11 States, examinmg 14,690 
fields, totalmg 192,222 acres New infestations were found m 237 
townships, but all of these were adjacent to areas previously known 
to be infested This indicates that the spread had occurred largely 
by natural means 

The infestation of screwworm, first discovered in the South- 
eastern States in the fall of 1933, continued but was very materially 
reduced, largely because of the adoption of methods of treatment and 
handling livestock recommended during the cooperative educational 
campaign in 1936 The special appropriation of $480,000 which pro- 
vided mr the cooperative educational campaign made it possible to 
acquaint stockmen and others throughout the newly mfested area 
with the approved methods of combating screwworms During the 
summer of 1935 screwworms were unusually abundant throughout the 
^uthwest, where infestation has annually caused material losses to 

The educationaT and demonstiational work on screwworm control 
was extended to this section in the spring of 1936, and is now being 
conducted throughout the area infested by this p^ The extension 
and continuation of the work is provided lor by an additional special 
appropriation of $460,000 The low temperatures which occuned 
during the winter over much of this area, together with the effective 
effort of combating the screwworm in areas where it overwintered, 
urged as a part of the educational campaign, greatly reduced the num 
ber of screwworm cases throughout the infested area While the re 
search to impiove contiol measures should continue, the cooperative 
educational work can be brought to a close during the current year 

Plant-Pest Control 

The date palm scale, an imi>ortant introduced insect which at one 
tune appeared to be the lunitmg factor to the development of date 
culture in the ^uthwestem States, has been eradicated from the 
Umted States Continued mtensive inspections failed to disclose the 
presence of this pe^, and eradication activities begun a number of 
years ag[o were discontinued at the end of the fiscal year At the same 
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time the quarantine relating the morement of date palms in the 
United States was withdrawn. 

The restrictions governing the importation of plants likely to in- 
troduce this and other peats continue m effect. These and other regu- 
lations were studied, however, to determine whether conditions had 
altered sufficiently to justify modification of the requirements. Two 
special quarantines restricting the entry of pines were in fact re- 
scinded, the evidence indicatmg that adequate protection was included 
under another quarantine. 

Regular activities carried on in cooperation with State a^ncies for 
the control of plant pests were augmented ^ allotments mm emer- 
gency funds to provide relief employment. Trained workers planned, 
ormnized, and directed the expansion of these activities so as to use 
reuef labor effectively. At the peak of the active season 25,242 work- 
ers were employed in 1,497 counties in 44 States, and dur^ the year 
the work provided 21,898,000 man-houra of employment. The regular 
activities expanded and benefited by this employment are : White-pine 
blister-rust control; gypsy-moth control; phony-peach eradication; 
citrus-canker eradication ; barberry eradication ; and the eradication 
of the Dutch elm disease. In some instances, including the gypsy- 
moth campaign east of the barrier zone, barberry eradication in Jrenn- 
sylvania^ West Virginia, and Vireinia, and white-pine blister-rust 
eradication in the Appalachian ^fountain States, the work was ex- 
tended into sections not previously covered with regular funds. 

The brown-tail moth, an introduced pest which has been present 
for many years m part of the New England States, though its spread 
into other sections has been prevented by the enforcement of a Fed- 
eral quarantine, was combated in the intested area by relief workers 
employed under a special allotment. They destroyed millions of the 
webs in which thej^t overwinters. The work of destroying wild 
cotton in southern Florida to eliminate the pink boUworm and pro- 
tect the Cotton Belt against this pest, was expanded by relief em- 
ployment. To lessen the nsk of the spread of the dry-land form of 
the cotton boll weevil, of which wild cotton is a native host, relief 
labor ei^loyed under a special allotment located and destroyed 
615,696 Thut^eria plants in 163 square miles in the TortoUita Moun- 
tains of southeastern Arizona. 

With the aid of emergency funds, the eradication of peach mosaic, 
a disease of major importance to peach culture recently discovered 
m certain western areas, was undertaken in co^ration with State 
agencies. This infectious disease materially affects the growth of 
the peach tree and causes the production of small knobby fruit of 
little commercial value. It was first discovered in Texas. A few 
infected trees were reported from western Colorado in 1984, and in 
the spring of 1936 thousands of infected trees were located in three 
western counties of this State. The only known w^ of combating 
the disease is to locate and destroy infected trees, through the co- 
opeitdive eradication effort thousands of infected trees were de- 
stroyed in western Colorado during the summer of 1936. Surveys 
80 far conducted in 1936 disclose the presence of only a comparatively 
few infected trees in this area and demonstrate the effectiveness of 
the eradication work. Within the last few months the disease has 
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also been located m parts of California, Utah, and New Mexico 
Plans to extend the eradication effort to these sections are being 
perfected Outlying infections may have been established throu^ 
the movement of infected nurse^ stock 
The Dutch elm disease which threatens the destruction of wlma 
throughout the country, is an important problem in plant pest con 
trol Only a small amount of regular funds was provided to combat 
this disease Allotments have been made from emergency jhinds and 
the cooperative eradication work pushed The personnel selection re 
quirement, the necessity for training scouts and workers, and the un 
certainty as to when and in what amount funds would be available, 
increased the difficulties A few infected trees were found at out 
lying points notably at Biunswick Md and Norfolk and Porta 
mouth, Va , Old Lyme Conn and Indianapolis, Ind The infected 
trees were promptly destroyed In the more heavily infected area — 
within a 50 mile radius of New York Harboi — the work included not 
only the location and removal of trees known to be infected but 
also the location and removal of sick and dying trees, which may not 
only harbor the disease but may also serve as breeding places for the 
insect known to transmit the disease All but a few of the 14 000 
or so infected trees so far discoveied in the United States were 
destroyed at the close of the fiscal year Scouting during the past 
spiing and early summer — ^the season most favoiable for the location 
of infected trees — disclosed the presence of only a few infected trees 
as compared with the numbers discovered during the comparable 
period in 1935 This appears to demonstrate the practicability of 
eiadiciting the disease by methods used the only ones known to be 
effective _ 

Research on Insects 


Research to determine effective ways of combating insect pests has 
continued along manj lines In the seaich for new insecticides espe 
cially ones which will not leave harmful residues on the marketed 
food product, the chemists have synthesized more than lOO organic 
compounds which hive been tested by the entomologists to determme 
their effect on insects In the initial tests some 20 of these, mostly 
those in the azo gioup weie veiy toxic to insects and appeared to 
hold promise for use in combatmg at least certain kinds of insect 
pests 

Detailed studies of pyiethrum demonstrated that the chemical 
formula for the toxic principles from pyiethium floweis is much 
simpler than had been believed This discoveiy may make it pos 
Bible to develop the actue principles of these flowers synthetically 
At present our only souice for this valuable insecticide is the im 
ported flowers, approximating 10 million pounds annually New 
compounds of nicotine have been made Two promising ones are 
prepared from nicotine and peat, one soluble and the other insoluble 
in water These aie being tested on vanous insects including the 
codling moth, the principal pest of apples An improved method of 
analymng small amounts of nicotine opens up new ways of using 
this material, particularly as a fumigant It has been demonstrated 
that the nicotine present m certain common types of tobacco is not 
present as a glucoside This discovery has a practical beanng on the 
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preparation of home-made tobacco preparations used for control 
of various insects. 

Laboratory and field tests with organic insecticides, particularly 
derris and enW, have brought many modifications in the recom- 
mendations for the control of certain insect pests. It has been 
demonstrated that these insecticides which do not leave residues 
objectionablo from the standpoint of human health can be effectively 
used against a number of different truck-crop pests, such as certain 
cabbage worms and the Mexican bean beetle, and that th^ are effec- 
tive against flea beetles destructive to growing tobacco. The further 
usefulness of these recently developed materials is evidenced by the 
determination that one application of sprays or dusts of derris or 
cub4 is effective against the pea aphid over a longer period than 
other recommended materials such as pyrethrum and nicotine. The 

S racticabilitv of protecting sugar beets grown for seed purposes from 
estruction by curly top by the application of pyrethrum and oil 
as an atomized mist has also been demonstrated. 

The low per-acro value of most cereal and forage crops prevents 
the use of direct measures to control certain important insect p^ts, 
and cultural and biological control methods are not always effective, 
particularly because community action is usually required. Various 
varieties and strains of these crops have shown marked insect resist- 
ance, and investigations along this line have been intensified. Cer- 
tain strains of field com have been demonstrated to have marked 
resistance to the European corn borer independent of the time of 
maturity of the corn. One of the important factors in cutting 
down infestation is a delayed tasseling common to certain inbreds. 
No resistant character has, however, to far been found in swect-coni 
varieties and strains which is not directly associated with date of 
maturity. Strains of alfalfa entirely immune to alfalfa-aphid attack 
have been obtained by selection. Marked progress has bren made in 
developing wheats suitable for California, Kansas, and Indiana con- 
ditions winch are resistant to the hessian fly. A variety of wheat 
substantially immune to fly attack has been developed in California, 
and the incorporation of this characteristic in varieties suitable for 
commercial use is under way in cooperation with plant breeders. 

Two varieties of soft red winter wheat highly resistant to fly attack 
have been discovered in Indiana. Certain varieties of hard red 
winter wheat have been discovered which may be utilized in pro- 
ducing suitable wheats for production in Kansas and surrounding 
States. Studies oil chinch bug in sorghum and wheat have revealed 
that certain varieties of both of these crops show marked resistance 
to chinch-bug attack. The development and use of these may offer a 
means of avoiding the heavy annual losses, including those occurring 
during chinch-bug outbrealm, such as that of 1934. Certain varieties 
of field and sweet corn are definitely less susceptible than others to 
attack by the com earworm. The practical possibilities of this dis- 
covery have not, however, ^n determined. 

Investigations to detei^ne the possibility of using predacious and 
parasitic insects as aids in combating injurious insect pests have been 
extended to new fields and include such pests as the pea moth, the 
lima-bean-nod borer, and the pea weevil. An allotment from the 
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^r-process^mff tax funds from Hawaii provided for expeditions to 
Africa, South America, and the Orient in search of natural enemies 
to aid m wmbating the Mediterranean fruitfly and the melonfly m 
Hawaii The introduction of natural enemies of insect p^ into 
Puerto Rico, ineludine an expedition to South America, was sup 
ported from a similar allotment from Puerto Rican tax funds Eight 
beneficial insects have already been recovered on that island, three of 
which are well established and are being recolonized in parts of the 
mamland Cooperative observations in Cuba fully substantiated the 
previous reports that the parasite of the citrus blackfiy introduced 
on that island m cooperation with the Cuban Government in 1930 
18 effective in controlling this pest and reducing the possibility of its 
reaching our shores 

Studies on the secretions from the larvae of those species of fiies 
used in treating chronic ulcers and bone lesions disclosed that one 
of the secretions is urea, a well known chemical, which is widely 
used and produced synthetically Reports received from physicians 
and surgeons who cooperated in testing urea produced synthetically, 
and chemically identical with that in the fiy secretion, suggest that 
it contributes to the healing of certain tidies of wounds and has a 
soothing and beneficial action on many kinds of skin infections as 
well as deep seated wounds This discovery, if supported by fuither 
investigations, may be of mateiial benefit to the medical profession 
and may reduce human suffering 

CHEMISTRY AND SOILS RESEARCH 
Chemists in the Buieiu of Chemistry and Soils have long been 
engaged in developing useful pioducts from agiicultuial raw mate 
rials such as straw, cobs, fruit, and vegetable culls, and other byprod- 
ucts of aOTiculture Farm byproducts constitute more than W per 
cent of the mateinl niinuilly lemoved fiom the land These mate 
rials are part of the farmer’s assets, as they are the fruits of his 
labor and of the fertility of the land The ftiaw, stalks, hulls, and 
other residues of the leading crops amount annually to more than 
260,000,000 tons and contain appioximately 116,000,000 tons of cel 
lulose, 66,000,000 tons of pentosans, and 53,000,0W tons of lignin A 
large proportion of this matenal, now wasted, is available for indus 
trial utilization 

Efforts by Department chemists to tap this reserve of potential 
wealth have yielded substantial results, among the more lecent of 
which may be mentioned a piocess for making high grade cellulose 
from sugarcane bagasse, methods for producing furfural cheaply 
from cobs or hulls, a continuous destructive distillation process for 
mabng charcoal and useful chemicals from vaiious crop wastes, and 
fermentation processes for the production of fuel gas, organic acids, 
solvents, and residual cellulose fibers from crop wastes 

For the utilization of surplus agricultural products and culls the 
chemists of the Department have developed processes for makmg 
commercial products from citrus fruits, a process for the exteaction 
of starch for industrial uses from sweetpotatoes, and mold fermen- 
tation processes for making organic acids from com sugar Im- 
proved methods of usmg cornstalks and cereal straws for makmg 
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hi^-grade papers have received much attention, though the compe- 
tition of other raw materials impedes commercial progress. 

Ohemical research in the Department during the fast year con- 
tributed materially to the growing fund of knowledge of the utiliza- 
tion of agricultural products and byproducts. In cooperation with 
the Texas Aipicultural Experiment Station, and using laboratories 
furnished by local chambers of commerce, the Department’s chemists 
further studied the utilization of surplus citrus fruits, culls, and by- 
products. They gave special attention to the production of fruit 
juices and concentrates, alcoholic bevera^, vmegar, marmalade, 
candy, and volatile oil. Several commerciw firms cooperated. That 
this work is valuable is attested by the fact that the number of com- 
mercial plants utilizing citrus culls in Texas increased from 8 in 
1933 to 17 in 1936. In the same period the amount of money paid 
annually to growers in that State for citrus culls increased from 
$10,000 to $250,000. 

In California investigators studied the production of wines and 
brandies from surplus and cull deciduous fruits, the loosenmg of 
stick-tight walnut hulls by ethylene, the preservation of fruit and 
fruit pulps by freezing, and the production of sirups and concen- 
trates from apples, pears, and dates. In cooperation with the Wash- 
ington State College of Agriculture and Anicultural Experiment 
Station, the Department established a new laboratory at Pullman, 
Wash., known as the Fruit and Vegetable Byproducts Laboratory, 
whore it will investigate the utilization of fruits and vegetables 
grown in that section. 

Experimentation at Byproducts Laboratory 

Work proceeded at the agricultural byproducts laboratory at Ames, 
Iowa, on the production of cellulose, paper pulp, destructive-distil- 
lation products, and fermentation products from crop wastes. In 
these studies the Department cooperates with Iowa State College. 
In cooperation with the New York Agricultural Experiment Station 
at Geneva, N. Y., the Department is mvestimting the utilization 
of grape^ berries, and other fruits in the manufacture of commercial 
fruit juices, wines, and beverages. In co^ration with Stanford 
University the Department is studying at San Francisco the phar- 
macology of insecticidal materials. In Louisiana with the assistance 
of the I^uisiana Agricultural Expenment Station, the Department 
is investigating the influence of cultural conditions on the compo- 
sition and workability of juices from different varieties of sugarcane 
and the prevention of deterioration in harvested sugarcane during 
short-time storage. In cooperation with the North Uarolina Agri- 
cultural Experiment Station the commercial fermentation of cucum- 
bers into pickles and related products under southern climatic con- 
ditions is being studied. 

Commercial development of a process discovered in the Depart- 
ment for producing sweetpotato starch is going forward under the 
leadership of the Bureau of Chemistry and Soils, in cooperation with 
the Bureau of Plant Industry and the Mississippi Agricultural Ex- 
periment Station, at a plant operated by a farmers’ cooperative 
association at Laurel, Miss. In cooperation with the Alabama Poly- 
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technic Institute the Bureau of Chemistry and Soils established a 
field laboratory at Auburn, Ala, to promote the mdustrial utiliza 
tion of sweetpotato starch The Chemical Foundation recently 
established a research fello'wsl^ m the Bureau to find new tao.hTnPiil 
uses for sweetpotato starch Studies are in progress in cooperation 
with the Mississippi Agricultural Emerunent Station on the quality 
and composition of sirups prepared from different portions of sorgo 
stalks Improved methods developed by the Department for TnulnTig 
sorTO sirup and sugarcane sirup are being introduced in Mississippi 
Alabama, and Florida The Texas Agricultural Experiment Station 
recently demonstrated the use of farm scale equipment m making 
high grade sugarcane sirup by the Department’s method 
Cooperation was extended from the Department to a commercial 
firm m developing the improved nitric acid process for producing 
cellulose from bagasse Cooperation with commercial firms ad 
vanv^ also the technique of utilizing byproduct milk sugar in 
fondants for confectionery, and in determining the yield and quality 
of paper pulp from wheat straw, flax straw, cornstalks, and arti 
choke tops In the last mentioned experiments the Department’s 
investigators used patented equipment designed for the production 
of paper pulp from straw by a continuous soda cooking process at 
atmospheric pressure 

Fundamental Research on Proteins and Enzymes 
Fundamental lesearch ui the Bureau of Chemistiy and Soils dealt 
with the chemistiy of proteins, enzymes, plant pigments, cuticle 
waxes of fruits, lignm, turpentine, lesm acids, and vegetable oils, 
also with the chemistiy and phvsics of soils, the chemistry and 
physics of elements and compomids m fertilizer materials, the phar 
macology of insecticides that may contaminate fruits and vegetables, 
and with microbiology as it lelates to food spoilage, food prepara 
tion and preservation, industrial fermentations, and the curing of 
hides and skins As part of a basic research program providea for 
in the Bankhead Jones Act of June 29, 1935, the Bureau organized 
three new research projects These are (1) Research into the m 
dustnal utilization of the soybean and soybean products, (2) the 
chemistry of enzymes and of enzyme action at low temperatures, and 
(3) a study of the allergens of agricultural products In addition, 
diomists and plant pathologists will cooperate in a Bankhead Jones 
project for the study of plant viruses 
The work on soybeans and soybean products is going forward at 
the ^gional Soybean Industrial Products Laboratory, which has 
been established at the University of Illinois, in cooperation with the 
agricultural experiment stations of the 12 Com Belt States Spe 
cialists from the agricultural experiment stations will cooperate with 
chemists and agronomists from this Department The o^ect is to 
improve the quality and mcrease the yield of sojbean products, and 
especially to develop industrial uses for them It wiu include the 
selection of types and varieties for particular purposes In the fun- 
damental studies of enzyme action several of this Department s bu- 
reaus will cooperate Special interest attaches to the little under- 
stood activity of enzymes at low temperatures because such activity 
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affects frozen and cold stora^ products in many ways The work 
on allergens should yield in:ronnation about the chemical nature of 
the plant and animal products known to cause physical ailments 
such as rash, hives, hay fever, and asthma, m susceptible persons 
It has been ertimated that 10 percent of the population is allergic 
Anticipating the eventual need for motor fuels other than gasolme, 
the Bureau of Chemistry and Soils is expanding its investigations 
into the possibility of producing such fuels economically from farm 
products and byproducts Onelme of research will explore the effi 
ciency of the microbiological conversion of starch and sugars mto 
alcohol or other liquid compounds having fuel value In the produc 
tion of industrial alcohol in the past, it has always been necessary 
to give due consideration to the possibility that the alcohol might 
be used in such a way that its potability would be of primary im 
portance However, m the production of power alcohol from farm 
products potability is not a factor It is possible, therefore, that 
fermentative processes based on this conception of the function of the 
end product m^ yield greater amounts of liquid fuel at a lower pro 
duction cost It IS planned to give careful attention to this phase of 
the liquid fuel problem The possibility of using solid fuels, derived 
from agricultural products in internal combustion engines will also 


receive attention 


The Soil Survey 


Another branch of the Bureau’s work is the soil survey Funda 
mental knowledge about the soil is more important today than ever 
before and more generally appreciated Fmcient farming depends 
essentially on suitable adjustments in plant soil relationaiips and 
rational land utilization is impossible without knowledge of the soil 
and its capabilities 

During the fiscal year 1936 the Soil Survey Division, in cooperation 
with local agencies mapped about 20 000 square miles of rural lands 
in 31 States Puerto Rico, and Hawaii This work completed the 
survey of Puerto Rico and brought the total area covered to more 
than half the arable lands of the United States The soil survey of 
Hawaii will be completed during the present fiscal year 
At the present time the Department is cooperating with the agn 
cultural expenment stations or the seven States having an interest in 
the watershed of the Tennessee River which, in turn, are cooperating 
with the Tennessee Valley Authority for expediting the completion 
of a detailed soil survey of this region This survey is absolutely 
essential in developing systems of agriculture for the improvement 
of the land and the protection of the reservoirs 
Information obtained from the survey of areas in Western States 
has penmtted an extension m the acreage of certain special crops, 
and nas indicated the areas where the accumulation of salts and 
the development of alkali would be a menace to irrigation projects 
Progress has been made m the development of a system for rating 
the various soil types according to their productivity for adapt^ 
crops and an mcreasmg number of published soil surveys contam 
tables showing the inherent productivity of the soil as well as its 
productivity under different systems of management 
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The Soil Survey Division prepared a special report on the charac 
tenstics and distribution of various kinds of organic soils and peat 
m the Pwific ^ast States This report paid special attention to 
the problems of soil conservation ana flood prevention 
In July 1935 the Department issued C F Marbut’s work, entitled 
“The Sous of the United States which constitutes the flnal section 
of the Atlas of American Agriculture This gives the accumulated 
results of the Department’s soil surveys and brings into a focus the 
findings regarding soils as gained by Dr Marbut and his associates 
dunng the last 36 years It contains maps showing the areas cov 
ered by soil surveys up to June 1934, the distribution of the soil 
^up, the distribution of the parent materials of soils and the 
distribution of soils without normal profiles 
An especially important featuie is a large map of the United 
States in 12 sections showing the distribution of the country’s sods 
according to 137 differentiated and 6 undifferentiated soil groups 
There is also mformation on the classification of soils, their geo 
graphic relationship, their derivation and development, and their 
profile characteristics as iiell as then physical i>ropitie& and chemi 
cal composition Tins repoit is the culmination or Dr Marbut’s hfe 

Soil CuisJtasrRV and Physics 

The Bureau of Chcmistiy and Sods is cariying on research on the 
chemistry and physics of sods to develop fundamental knowledge on 
compsition and properties which has an imprtant bearing on sod 
classification, sod conservation, and sod utdi7ation, as >1611 as on vana 
tions in the yield, composition, and food value of crops It is also 
studying the causes foi iionfertihty of certain sods, the effects of 
arsenical insecticides on sods, and the value of peat as a sod amend 
ment During the past yeai seveial impoitant publications hive been 
issued as a result of these investigations One of them Technical 
Bulletin 484 presents analytical ^ta for eight sod profiles, repre 
senting six of tlie great group of soils, which 3iow that the collonfe of 
the great groups of soils differ fioiu each other and that thcie exists 
1 chemical basis foi the chaiactuistics of soils as manifested m the 
held Another, lechiiical Bulletin 482, leports the results of studies 
on the occurrence of selenium in the sods of the United States A 
second bulletin on this same subject is in piocess of publication 
Additional selenifeious areas have been found which produce toxic 
vegetation Results of recent surveys indicate that toxic selemferous 
areas are ordinarily found in certain geological formations New 
areas where the soils are likely to be seriously selemferous, judging 
from geological data, are now being explored There seems to be no 
definite relation between the quantity of selenium in a sod and the 
quantity taken up by plants growing on it The distribution of 
selenium in soils has oeen shown to be veiy widespread, and its pn 
maiy source appears to be from volcanic activity Its occurrence in 
smaU quantity m wheat appears to be world wide 
Soils from the eiosion experiment stations were studied with ^ 
gard to the relationships between their physical constants. The 
“ame sods were examined by newly develops methods for certam 
elements which occur only in mmute quantities and are not ordi- 
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nanly included in soil analyses Selenium, arsenic, ccmper cobalt, 
nickel zinc, barium, chromium and vanadium were found m de 
terminable quantities in each of the 11 profiles examined The 
quantities varied from less than 0 1 part per million for selemum, 
cobalt, and nickel to as much as 708 parts per million for barium 

It IS becoming increasingly apparent that these and other trace 
elements play an important role in soil behavior as well as m plant 
nutrition and the food value of agricultural products More exact 
knowledge concerning the chemical composition of soils, including 
their content of trace elements will be essential in connection with 
a very comprehensive and fundamental cooperative research project 
that IS being planned by the Bureau of Chemistry and Soils to 
deteimine the effects of soil fertilizers climatic conditions crop 
rotation cultivation and variety of plant on the mineral and other 
constituents of plants and the value of plants for food purposes 

FERTIUZbRS 

Fertilizei studies demonsti ated that the elimination of filler from 
fertilizers would save the faimers of the United States about $7 600. 
000 annually It appears also that the purchase of double strengtn 
mixtuic which can be manufactured without difiiculty would re 
suit in substantial savings N’ationally the United States is self 
contained as regards the prmcipal feitilizmg elements and scientific 
research in this Depaitinent has contributed to the development of 
commercial fertilizer pioduction Interest is turning now to the 
comparitively lecent ietOp,mtion of the fact that mixed feitih/cis 
should contain neutralizing agents to prevent the development of 
soil acidity Research is advancing the production of fertilizer mix 
tures that are nonicid forming One useful method is the use of 
ground dolomitic limestone 

Interest is growing also regarding the pioper placement of fer 
tilizers with respect to seed and plants, and the Department has de 
veloped a granulating process for mixed fertilizers to prevent the 
segregation of materials Recent work on calcined phosphate indi 
cates that the plant food value of this product is as nigh as that of 
commercial superphosphate and that the cilcining process offers 
attractive possibibties for the production of phosphate fertilizer at 
low cost A process has been developed in the Department for the 
production of potassium metaphosphate from potassium chloride and 
phosphoric acid This product holds much promise as a fertilizer 
material because it consists almost entirely of potash and phosphoric 
acid and does not absorb moisture from the air Also the Depart 
ment has developed new compounds of urea with magnesium sulphate 
and magnesium nitrate which are useful for mcorporating the sec 
ondary plant nutrient, magnesium, in fertilizer mixtures as well as 
nitrogen 

New fundamental scientific knowledge has been acquired through 
basic research on the chemical and physical properties of elements 
and compounds contained m fertilizer materials on the principles 
underlying catalytic action in industnal nitrogen fixation processes, 
and on tbe fixation of mtro^n by livung ornnisms and organic ma 
tenals The facilities of tiie Bureau of Chemistry and Soils for 
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modem physical and physicochemical research have been used to as 
sist other bureaus of the Department having problems in this field 
Thus, m cooperation with the Bureau of Plant Industry, the effect of 
Xrays on corn seed and tobacco plants was determined and spec 
troanalyses were made of the dinerences in the mineral elements 
content of toxic and nontoxic specimens of the roots of Tephrosta 
(Cracca) vtrgtmana (devil’s shoestring) i\hich were under investiga 
tion as a source of insecticide 

Chemistry and the Farmer 

Both hopes and fears cluster about the possibilities of chemical 
research and its bearmg uMn new uses for the products and by 
products of the faim Enthusiasts foresee important new markets 
and a quick solution of the whole farm problem Warning voices 
say the chemist will synthesize foods in the factory and put the 
farmer out of his job Industiial chemistry, they point out, has no 
particular preference for agricultural sonices of raw material and 
may find what it wants elsewhere Both the hopes and the fears 
should be discounted Theie is no possibility either that chemistry 
will solve all the f aimers’ difficulties overnight or that it will do away 
with the need for farms 

The worth of a chemical discoaeiy dejiends on the economic as 
well as the technical factors Such things as cornstalks and cereal 
striw, for example haie some value as feed for livestock and as 
fertilizer It pays the farmer to sell them for industrial utilization 
only when he receives moie from their sale than they aie woith to lum 
as feed and manure Aftei the chemist has demonstiated that an 
industrial use for a faim product is possible the manufacture! must 
test its commercial feasibility Also, the farmer should remember 
that the development of new uses foi one of his products may hurt 
the market for otheis 

In like manner we may discount the fears generated by the prog 
ress of industrial chemistry Chemists have synthesize a smUl 
number of organic compounds formerly obtaine from plants, but 
man must still apply to nature direct for food, clothing, and shelter 
Probably amicultuie will always have to produce most of the food 
substances uiat man requiies most of the clothing materials, and a 
good part of the materials leqmred in providing shelter In any case 
the change of emphasis is not likely to be appreciable in the near 
foture For as far ahead as we can see, chemistry will aid and not 
supplant the fanner 

There is, howevei , a side of the industrial utilization problem which 
should be considered caiefully Chemical discovery, like other 
aspects of technical progress, is not necessarily an unmixed blessmg, 
particularly to the faimer If it opens new possibilities, it creates 
also a need for rea^ustment, especially when it affects mtercommod 
ity competition For example, the utilization of sugarcane bagasse 
in the manufactuie of layon may diminish the demand for cotton 
Soybean oil production, stimulate by a demand for soybean prod 
ucts in the automobile industry, may come directly into competition 
with cottonseed and other vegetable oils Sometimes, too, the devel 
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opment of new uses for farm products attracts more people into 
farming and disturbs the balance between town and country 

Such considerations should not deter chemical research, for science 
cannot foresee all the probable consequences of its discoveries That 
IB beyond human wisdom But the exploitation of particular prod 
ucts IS not the only thmg to keep m mind Success m that direction 
will inevitably benefit some groups more than others, and public 
agencies engaged in chemical research should cooperate with other 
branches of the public service in promoting the most nearly equitable 
distribution of tne benefits There is special need for the collabora 
lion of chemists and economists 

This Department endeavors simultaneously to promote the interests 
of producers, manufacturers, and consumers, bewuse it is interested 
not only in tne production but also in the commercial utilization and 
final consumption of agricultural commodities While the work of 
the chemist in creating new uses for farm products may temporarily 
benefit some lines of production to the disadvantage of others, the 
Department believes the final balance will usually m favor of the 
faimer 

It is imiKirtant to prevent the unscrupulous e^loitation of pro 
ducers or would be producers on false grounds There are opportu 
nities in parts of the United States for the culture of the tung tree 
But land unsuited to that purpose is being sold to gullible investors 
The same thing has happened in the case of hemp , and the sale of 
land is not the only means of diveiting technical progress to improper 
ends Everyone should understand mat hard hc^^ cost accounting 
and commercial research are necessaiw to get the best results and that 
the laboratory discovery is only the first Sep, which may not be fol 
lowed for a long time by the final demonstration on a commercial 
scale In the files of this Department are recorded scores of chemical 
discoveries and innovations, which, though technically successful, 
remain unutilized commercially for years oecause the original costs 
were too high For example, the Ifepartment developed a process, 
using dilute nitric acid as the pulping agent, for making high grade 
cellulose from bagasse But it was not until ways had l^n foi^ to 
cheapen the production of the acid that the process became commer 
cially practicable Premature exploitation of research findings is a 
constant source of loss to investors and producers 

UTILIZATION OF DAIRY BYPRODUCTS 
Investigations in the Bureau of Dairy Industry to develop ways 
to utilize whey or its separate constituents more efficiently havemven 
promising results The whey produced annually m the tmited 
States, as a byproduct in the manufacture of cheese, contains about 
800 000,000 pounds of milk solids Yet whey is commonly wasted or 
used only m limited amounts as feed for pigs and poultry Dairy 
investigators have long considered this practice inefficient They 
regard the feedmg of wney to livestock as justifiable only until better 
methods of producmg human food from whey can be developed 

Whey contains nearly half the food solids of milk It contains 
all the valuable sugar and at least one vitamin, so that it possesses 
exceptional nutritive properties Yet it has found few uses as 
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human food because it has no pleasing taste itself, and no special 
ways have been developed heretofore ror using it Within the last 
year the Bureau has found that whey may be used to enrich a variety 
of food preparations by taking advantage of its chief distinguishmg 
characteristic, which is its lack of casern 
Casein is the substance that causes co igulation in milk under high 
temperatures or in the presence of acid vegetables or fruits Manu 
facturers of vegetable soups can use condensed whey, whey powder, 
or whey cream in place of normal milk or cream to enriwi their 
products The whey solids will cause less difficulty with coagulation, 
the soups will retain their natural color better, they will have the 
characteristic milk flavor, and a gieater nutritive value than soups 
made without milk solids 

The solids can also be combined with higlily acid fiuit juices, such 
as orange, grapefruit, strawberry, and similar fruits Because of 
the high acidity of the combination little heat is required for sterili 
zation, and these beverages and whips may be canned without a 
cooked flavor By varying the combinations, steriliised whips, fruit 
dnnks, and mixes suitable for freezing in a mechanical refrigerator 
can be made available to the housewim These are probably only a 
few of the ways in which whey solids may be combmed with other 
materials to improve old or cieate entirely new food products 
Young pigs will glow satisfactorily on pasture supplemented with 
whey, but it is often a problem to adjust the supply of whey to the 
requirements of the growing pigs In the flush season theie is likely 
to be a greater supply of whey than the pigs can consume The 
Bureau’s investigations indicate that surplus whey can be acidified 
with an active lactic acid culture and concentrated at the facto^ to 
make an acid pioduct that can be held until it is needed for feeding 
Also, to provide for feeding longhage and whey when pasture is not 
available, concentrated sweet whey may be mixed with grass or alfalfa 
and ensiled Pieliminary trials show that pigs will consume this 
ration and make satisfactory growth 
Information developed in the Bureau’s laboratories has found ex- 
pression in a number of new commercial ventures Cheese of the 
Koquefort type is now being made by a small factory which uses an 
abandoned coal mine shaft for a curing room The ideal natural 
temperature and humidity conditions of the shaft eliminate the neces- 
sity of providing artificial cuiing conditions Arrangements have 
been made to start a similar opeiatioii in which a natural cave will 
provide the right conditions for cming In one factory, with rooms 
artificially cooled and humidified, the Bureau’s method tor manufac- 
turing a soft cheese of the Italian Bel Paese type has been estab 
lished A dairy byproducts company has built and is successfully 
operating a factory for the manufacture of lactic acid by fermentmg 
whey A large volume of whey is being utilized 
Experimental shipments of concentrated frozen milk have been 
made to the Canal Zone under the Bureau’s direction, to determme 
the feasibiUty of providing fluid milk in the Tropics, on shipboard, 
and in other places where good quahty milk is unobtainable or the 
supply 18 inadMuate Research in the Bureau has demonstrated that 
mdk may be concentrated to one-third of its volume, or less, held at 
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temperatures below freezing for weeks, and then brought back to its 
orinnal volume by adding water, without losing the characteristics 
of fresh clean-flavored miflc. 

ANIMAL INDUSTRY 

Superior types of livestock continue to be one of the most promis- 
ing means of increasing the efficiency and economy of production. 
Great variation in the growth of pigs, similar in outward ^pear- 
ance, has occurred at the National Agricultural Research Center, 
Beltsville, Md. Under the conditions of management and on identi- 
cal rations, pigs of the same litter varied as much as 100 dajs in the 
time requirM to attain a weight of 226 pounds. And within the 
same br^ the quantity of feed required by different litters to make 
100 pounds of gain varied from 325 to 500 pounds. Such observa- 
tions indicate the feasibility of selecting the oreeding hogs that are 
naturally fast and economical growers. There are indications also 
that rapid growth is associated with tenderness in meat 

Studies with Danish Landrace hogs imported a few years ago have 
now reached a stage to permit comparisons with Amencan-bred hogs. 
"When the chilled, dres^ carcasses of 40 Landrace hogs and 36 of 
2 American breeds were compared, the former had the higher per- 
centage of ham, loin, and bacon and lower percentages of picnic 
shoulder and head. The higher yield of bacon in the ^ndrace hogs 
is especially noteworthy, fii general, the Landrace hog excelled in 
the production of the more valuable cuts of pork. 

In the study of more efficient cattle production, the Department 
has sought a type of animal that will produce beet profitably under 
adverse conditions of heat and insect pests. Such cattle are es- 
pecially needed in the Gulf coast region and in other sections having 
a similar climate. 

Crosses between Brahman cattle and several beef breeds already 
established in the United States have given promising results. 
Cross-bred types developed from the Guzerat (Brahman) and the 
Aberdeen -A-i^s breed have shown high adaptability to semitropical 
conditions. The second generation or calves carrying three-fourths 
Aberdeen Angus blood and one-fourth Guzerat have, in all instances, 
been poUed and black. A noteworthy result is the increased weight, 
at weani^ age, of cross-bred calves over purebred Aberdeen Angus 
calves. P^rst crosses, containing 60 percent of the blood of each 
breed, averaged 455 pounds, whereas Aberdeen Angus calves aver- 
aged 391 pounds. Second-cross calves, possessing three-fourths 
Aberdeen Angus and one-fourth Guzerat breeding, averaged 491 
pounds at the same age. These results are in the direction of im- 
provement both in adaptability to the region and in desired market 
characteristics. 

Other breeding studies have been supplemented with tests on the 
tenderness of the resulting meat. Four years’ experimental work has 
shown that roasted rib cuts from grade Hereford cattle were more 
tender than corresponding cuts irom cattle of native breeding 
slaughtered at the same age. These studies indicate the presence of 
hereditary differences in m distribution and tendemeas. 
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In a comparison of methods of wintering cattle under western- 
range conditions experiments showed wide differences m costs When 
breeding cows were kept on reserved creek bott(Hn and allowed to 
graze sagebrush range supplemented by 88 pounds of cottonseed 
cake per cow, the wmtenng cost per animal was $2 84 The cost of 
wmtermg similar cows on alfalfa hay at the rate of Y65 pounds per 
head was $451 Experiments of this kmd indicated the economies 
possible by altering systems of management WTien applied to large 
herds of cattle, even small differences of the kind cited result in 
larm saving and inmressive net profits 

A valuable scientific aid in sheep breedmg and in the raising of 
other animals for hair or fur is a device recently developed m the 
Department’s animal fiber research laboratory The instrument 
makes possible the procurement and study of very thin cross sec 
tions of fiber m a few mmutes’ time The various characteristics of 
fiber associated with suitability for commercial purposes are readily 
observed by the use of this device Already it is being used m many 
fields of industry Still another instrument developed in the same 
laboratory during the year makes possible the measurement of length 
and cnmp of wool and hair fibers in a more accurate and efficient 
manner than with previously available eqmpment 

Foreign Breeds Introduced 

In connection with improvement of animal types the Department 
has obtained from various foreign sources species and breeds of 
livestock having noteworthy characteristics Such stock, introduced 
in 1986 and 1936, includes Nonius horses and Puli sheep dogs from 
Hungary, red Danish cattle from Denmark, and south Devon cattle, 
large black hom, white Austrian tuikeys, and White Wyandotte 
chickens from England After receiving veterinary inspection and 
meeting other quaiantine safeguards these animals were admitted 
to Department experiment stations for breeding and feeding studies 
and related observations To some extent also they are bemg used in 
cross breeding experiments with selected tyjies raised in the United 

States Secubhy From Livestock Diseases 

Each year the livestock mdustry of the United States becomes 
more secure from diseases, parasites, and other pests Through 
methods supplied by scientific lesearch, stockmen and their veterinary 
allies have recently extended the frontiers of animal health very 
materially A biief appraisal of the animal disease situation at the 
end of the last ^al year indicates several noteworthy advances m 
thus field 

Bovine tuberculosis has been practically eradicated from 40 of 
the 48 States in the Union and from 95 percent of all the counties 
There is considerable need, however, for contmued retesting of herds 
to locate and eradicate any remaining infection Cattle carcasses 
which, because of tuberculosis, failed to pass Federal iMpection at 
the pnncipal livestock markets numbered less than 10,000 m 1936 
as compared with moie than 28,000 the previous year Condemna 
lions of parts of cattle carcasses likewise were much less, being about 
half as many as duiing the pievious year A reduction, in. tubercu 
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losis, though in less degree, was observed also in swine. These 
figures, ba^ on official veterinary inspection of millions of animal 
carcasses, signify a larra saving of meat as well as an unmistakably 
improved condition in me healtn of cattle and swine. 

Extensive public interest in the elimination of Band’s disease, or 
infectious abortion, has caused the Department to continue the t^> 
ing of cattle in coomration with State officials and livestock owners. 
Agglutination blood tests for the detection of this disease were ap- 
pliOT to approximately 6,600,000 cattle. About 7 percent were re* 
actors as compared with 11 percent during the preoraing year. The 
elimination of Bang’s disease, which has in the past caused heavy 
losses and much discouragement in cattle breeding, has resulted in 

K ater optimism among dair^en and others whose herds have thus 
n placed on a more secure health basis. 

In search of an improved diagnostic agent for the identification 
of cattle affected with this disease, the Department recently developed 
^biological product known as a stained anti^n for the purpose. 
Trhis product makes possible a rapid whole-blood test, which has 
several practical benefits over the present slower and more expensive 
methods of diagnosis. A thorough field trial of the new method was 
begun by the distribution of sufficient stained antigen for testing 
ISjOOO cattle under Department supervision. 

In the eradication of the cattle fever tick the area in continental 
United States still under Federal quarantine has been reduced to only 
9 percent of its original size. Tlie sections still infested with ticks 
are confined to parts of three States — ^Florida, Louisiana, and Texas— 
in contrast to infestation of 15 States when the work began in 1906. 
Systematic eradication of cattle ticks was recently begun in Puerto 
Bico. 

Control of hog cholera has reached the point where immunization 
by the serum-virus treatment, developed by the Department, is largely 
a routine procedure. The method is widely known ; serious outbreaks 
of the disease are infrequent; and the Department has largely relin- 
quished direction of control work to the States. However, it con- 
tinues to supervise the preparation and distribution of the virus and 
serum, of which a total of more than 600,000,000 cubic centimeters 
was produced last year under Federal licenses. As a means of assur- 
ing adequate production of these products for possible emergencies, 
the Department has aided manufacturers in perfecting a marketing 
agreement directed toward this end. 

A New Immunizing Product 

As a still further measure of hog-cholera contr^ the Department 
recently developed a new immunizing product. Known as crystal- 
violet vaccine, this product has given distinctly encouraging results 
in experimental trials. It has provided approximately 99 percent 
satisfactory protection and has several advantage, including greater 
safety, over the familiar serum-virus method ofimmunization. Dur- 
ing the last year commercial production of the vaccine on a small 
scale was sanctioned by the Department in order that this new product 
might be thoroughly tested under various field conditions. Until the 
merits of the vaccine are more thoroughly established, however, reli- 
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ahce must still be placed m the serum virus treatment, the efficacy 
of which, when properly administered, has been fully established 
A piesent limitation of the crystal violet vaccine method of unmnm 
zation IS its slowness in furnishing protection Immunity does not 
appear to be established usually until at least 2 weeks after a hog lias 
been vaccinated 

The drought of 1934, with resulting extensive shipments of live 
stock, retarded several lines of livestock disease eradication work 
Some spread of scabies in cattle and sheep occurred in Central and 
Western States, but scabies of horses now appears to have been eradi 
cated, inspections revealing no cases dui mg the year The eradication 
of the horse disease, dourine, likewise appears to be virtually accom 
plished, but State authorities are continuing the quarantine of a few 
areas where the presence of the disease is suspectM Any remaining 
infection is considered to be very slight judging from the evidence of 
only one animal giving a positive reaction to this malady within the 
last year 

A comparatuely newly identified disease of hoi sea and other Muinea 
has caus^ anxiety as well as serious loss in several localities BLnown 
as infectious encephalomyelitis, and occasionally by such nonspecific 
terms as blind staggers, brain fever, and sleeping sickness, this malady 
has appeared in no less than 20 States It is caused by an mfectious 
virus which produces nervous sraptoms resulting from inflammation 
of the brain and spinal cord llie mortality is high, and m animals 
that recover there may be permanent impairment of the brain Out 
bleaks occui chiefly during the summer and fall months and in low 
lying and moist areas Ihe use of a specific seium has been helpful 
in pi eventing the spread of infectious encephalomyelitis, but it pro 
duces only a shoit lived immunity The Department is studying the 
disease and testing various biological products and drugs reported as 
being beneficial foi its prevention or tieatment 

Anthrax caused comparatively slight loss during the year, no serious 
outbreaks being leimrted to the Department Assistance in prevent 
ing the disease was given to Indians on leservations where outbreaks 
occur^ several years ago The hoise disease, glanders, which at one 
time caused heavy losses, has been practically eradicate 

Recent reseaich has disclosed several highly effective methods of 
combating injurious internal parasites, such as kidney worms of swine 
and liver flukes of cattle and sWp Livestock owners have been quick 
to adopt and apply the Department’s recommendations In several 
inatAticft g supplemental y benefits derived ha\e greatly exceeded the 
original purpose of control methods 

For instance. Department investigators have shown that drainage 
of wet, marshy, and boggy pastures is the most practical procedure 
for controllmg liver flukes In several areas these parasites were kill 
ing as many as W percent of the sheep and stunting or killing calves 
The broadcasting of copper sulphate to destroy the snail intermediate 
host is, at best, only a temporary expedient and must be contmued 
from year to year in order to insure the destruction of the fresh crops 
of snails which reappear sooner or later Drainage, on the other hand, 
IS an effective bulwark against aquatic snails, which mvariably pen^ 
on dry land Recently reclaimed boggy meadows contamed thousands 
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of dead snails, many of which were the potential and actual conveyors 
of the liver fluke that is deadly to sheep and injurious to cattle as well 
as to several species of wild animals. 

But besides controlling liver flukes, the drainage of wet pastures has 
produced a marked chan^ in the type of vegetation. The coarse 
aquatic grasses containing little or no nourishment for livestock grad- 
uwly disappear as the pastures become dry ; and, as a result of natural 
seecung, highly nourishing forage, including clover^ timothy, and 
other nutritious plants, take their place. This results m a permanent 
improvement of the land; and, with reduced water in the soil, the 
land produces good forage earlier in the spring and later in the fall. 

In the Western States where liver-fluke control is in progress drain- 
age of marsl^ meadows makes considerable water available for irri- 
gation. In Utah, particularly, the water from the drainage ditches is 
being diverted into irrigation canals, thereby adding materially to the 
Bup^y of water avail^le for irri^tion. Incidentally drainage of 
wet and boggy lands has considerable value as a mosquito-control 
measure. 

In short, the control measures for liver flukes are not only effective 
in reducing serious losses in sheep and stunting in cattle but are also 
of marked value in converting submarginal lands into productive pas- 
tures, adding to the available water supply of areas dependent on 
irrigation, and aiding in the control of mosquitoes. 

I^llorum disease, a major drawback to poultry raising, is being 
controlled by progr^ve flock owners through the use of the rapid 
whole-blood t^ developed by the Department a few years ago. Com- 
mercial production of tne stained antigen used last year in making the 
test was sufficient for testing more than 10,000,000 fowls. Under the 
provisions of the national poultry improvement plan thus far adopted 
by 34 States, the Department approves the quality of aU this antigen 
used in official testing, thus insuring a high quality of this diagnostic 
agent. 

Besides these advancements in curbing losses from livestock diseases, 
the Department has continued its miarantine and inspection services 
against the possible introduction of infection from abroad. During 
the year the United States remained entirely free of foot-and-mouth 
disease, rinderpest, surra, contagious pleuropneumonia, and other mal- 
adies that cause heavy losses to livestock owners in some foreign 
countries. 

The increase of about Y percent in enrollment reported by the 10 
federally accredited veterinary colleges of the UnitM States augurs 
well for continuing the foregoing measures for the protection of the 
Nation’s livestock. 

Supervision of Livestock Marketing 

Supplementing its regulatory work of veterinary character, the 
Department has sought to improve conditions of livestock market- 
ing. Several noteworthy develimments of the year resulted from 
procedures under the Packers and Stockyards Act. 

Three cases involving orders of the Secretary which prescribed 
reasonable commission rates and stockyard charges at Chicago, 111., 
and St. Joseph, Mo., were upheld by the Uni^ States Supreme 
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Court As a result legal action has been taken in the lower courts 
for the return of excess commissions and stockyards charges to 
shippers The amount of such returns mvolved probably yml ex 
ceed $1,000 000 The decisions of the Supreme Court were im 
portwt and significant in that they sustained piocedures followed 
by the Department in determining stockyard charges and commission 
rates 

Congress amended the Packers and Stockyards Act durmg the 
year to include the supervision of poultry marketing in a manner 
similar to the supervision of the marketing of other classes of live 
stock The amendment provides for the licensing of persons en 
gaged in fumishmg facilities or rendering services for marketing live 
poultry in interstate commerce in cities designated by the Secretary 
of Agriculture The regulation of rates and practices of licenses 
IS a further provision of the amendment 

Investigations of the poultry marketing situation, together with 
requests for supervision tiom a number of cities, resulted in the des 
ignation of poultry markets in 16 cities as being subject to Depart 
ment supervision, up to the close of the fiscal year 1936 

FORESTRY 

Most people have regarded forestry as largely a means of assuring 
an ademiate future supply of timber, and it should of course, be 
1 alued for that purpose Four fifths of our commercial forest land, 
and at least 90 percent of its potential productivity, are in private 
ownership and private ownership has not generally endeavored to 
maintain a continuous timber harvest It is extremely important 
therefore, to promote sustained yield practices on the publicly owned 
forest land and to encourage such practices on the privately owned 
land Sustained forest production is essential for the general wel 
fare But forestry has other ends as well, notably the conservation 
of soil and of water — in other words, the prevention of erosion and 
of floods Fortunately, the methods which conserve timber produc 
tivity at the same time promote the other objects of scientific forestry 
so that no conflict arises Curbing forest exploitation is good foi 
the timber mdustry and also for the public interests that depend upon 
the forests This Department recommended, and Congre® m part 
approved during the last year, a program for coping with some of the 
responsibilities involved 

TTiat a common mterest extends to all forest lands and that private 
as well as national, forests ought to be managed on a sustamed yield 
basis IS now generally acknowledged There is a public, as well m a 
private, obligation Accordingly, fire protection by the Civilian Con 
servation Corps under the direction of the Forest Service is under 
way on private, as well as public, forest lands The expenditure on 
private l^ds for this purpose has already exceeded $68,000,000 For 
the current fiscal year Congress has appropriated increased funds for 
forest fire protection by Federal agencies in cooperation with Ifie 
States and with private owners Forest research carriM on by the 
Forest Service similarly benefits public and private land ownership, 
through Its influence on the utilization, as well as the production, of 
timber 
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Federal acquisition of forest lands through purchase was first 
authorized in 1911, national forests previously having been set aside 
only from the we^em public domain Prior to 19^, however, the 
Federal acquisition of forest lands never exceeded 660,000 acres in 
•uiy one year The total area approved for purchase was only 4,727,- 
680 acres m the first 22 years of the program In 1988 Congress 
authorized accelerated activity, and the area acquired in the 8-year 
period ended June 80, 1936, exceeded 11 400,000 acres The acquisi 
tions in the last fiscal je&r aggregated 2,998,060 acres Besides odd 
ing to the system of federally owned and managed national forests 
this accelerated program assured county governments of future reve 
nue from lands that might otherwise have been tax delinquent, and 
harmonized with other aspects of the national agricultural policy 
The national forest system now covere more than 170,000,000 acres 
in 37 States and 2 Territories 

Advantages resulting from the Federal ownership and mul^le 
use management of forest lands are substantial and varied Tney 
include protection to watersheds, conservation of merchantable tim 
ber, scientific mmagement of more than 83,000 OOO acres of livestock 
range, preservation of wildlife, particularly big game and fish, pro 
vision of recreational facilities, and soil and water conservation, with 
resulting benefit to power development and irrigation They afford 
innumerable opportunities for recreation , more than 17,000,000 per 
sons visited the foiests last year for rest and relaxation Adminis 
tered by the Forest Service under a system of coordinated use, our 
national forest resources furnish support directly to more than 
1,000000 persons Modem forestry thus includes more than pro 
ducing continuous crops of timber It comprises the planned man 
agement of forest, range, and wild lands, and of their many re 
sources, it has to do with conservation through the use of organic 
resources and services in the interest of general welfare 

Forest Protection and Flood Control 

How important it is to piotect forest, range, and other vegetative 
cover so as to retard the water run off and prevent erosion becomes 
evident when floods occur For example, Pickens, Frankish, and San 
Dimas are mountain canyons opening out into fertile valleys of south 
em California Fire denuded 6,000 acres in Pickens Canyon in 1983 
Fire similarly snept Frankish Canyon in 1985 Fire did not visit 
San Dimas Canyon On New Year’s Day 1984 a flood swept out of 
Pickens Canyon, destroyed 200 homes, and killed 84 persons Though 
the same storm hit nearby San Dimas Canyon, it caused no flood there 
This year m January and Febniary flows swept out of Frankish 
Canyon through the cities of Upland and San Bernardino Though 
the same storm struck the unbumed San Dimas Canyon, it did not 
precipitate a flood there 

Near Centerville, Utah, in 1980 overgrazing was the pnmary cause 
of a flood which wrecked homes and buried orchard lands under soil, 
rock, and debns There was no flood from a nearby watershed that 
had been properly grazed Floods come less frequently and have 
lower crests wnere a vigorous vegetative cover remains 
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Reservoirs and distributing systems that carry water to some 
20,000,000 irrigated acres had a value m 1980, according to the census, 
of more than $1,000,000,000 Many billions have been spent for down- 
stream enmneeriM to control floods that start with small streams and 
additional sums for removing silt from navigable waterways The 
Federal Government has incurred most of this expense Yet it has 
invested less than $70000,000 to purchase lands where floods and ero 
Sion begin, and less than $14,000,000 for replanting denuded forest 
and range lands One of the best and cheapest ways to prevent soil 
erosion and combat the danger of floods is to reclotne denuded slopes 
with forest and other vegetative covei In dealing with the flood 
problem, prevention is betor than cure 

As a flood prevention measure, the Federal acquisition of 81 mil 
lion acres of lands on important watersheds m 27 States east of ^e 
Rocky Mountains has bmn recommended Such lands should 1^ 
protected, revegetated where necessary, and administered as parts of 
our existing national forests The Forest Service has outlined an 
expanded program and recommended it to Congress Preventive 
measures in foothills and mountains will helpto conserve investments 
already made in downstream engineermg Without such preventive 
measures the work downstream may not have much effect 

In the fall of 1934, following the great drought of that year the 
Forest Service began to plan sheltertelts m the Great Plains Such 
shelterbelts serve as bamers against soil drying and wind erosion 
They help to catch and retain snow, and to delay the surface run off 
The shelterbelt planting was not started until tne problem had been 
thoroughly studied, surveys made of existing shelterbelts. and analy 
SIS completed of 25 years’ experimental work by Federal bureaus and 
State agricultural colleges By agieement with farmers, the Forest 
Service planted about 7000 acres in the spring of 1936 This year 
it plants nearly 24,000 acres, usmg 230000^5 trees in the work 
Examinations in June of all the plantings revealed m average sur 
vival of 81 percent, a highly satisfactory figure for any forest plant 
ing operation However, Congress decided to discontinue the Flams 
shelteibelt project and appropriated $170 000 to conclude the work 
and to dispose of the trees still remaining in the nui senes 

Repoht oh Range Resogbces 

In response to Senate Resolution 289 (74th Cong , 2d sess ) , this 
Department made a special report on the ongmal and present con 
dition of our range resources The report was prepared by the 
Forest Service As required by the resolution, it dealt with the fac 
tors that have led to the present condition of the range, with the 
social and economic importance of range use and conservation, and 
with methods for restoring its productivity Various Federal and 
State agencies furnished data for the report 

The western range is much larger and more important to the 
national welfare than most people realize It includes some 728 
million acres, or nearly 40 percent of the total land area of the 
country It is the mainstay of a 4 billion dollar western livestock 
industry, and mcludes four fifths of the prmcipal water yielding 
areas on the watersheds of major western streams Low precipita* 
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tion makes water the limiting factor in nearly all western develop- 
ment 

In the range country m 1980, accordmg to the census, there were 
776,745 farm units and nearly 400,000,OW acres of land in farms 
NormalW these farms pow 35 percent of the feed for western live- 
stock Except for highly specialized crop farming, mostly on irn 
gated land, western agriculture is primarily an mte^ation of range 
livestock grazing and crop farming 
Forage depletion for the entire range area averages more than 60 

S ercent — ^the result of a few decades of livestock grazing Eanm 
epletion on the public domain and grazing districts averages 67 
percent , on private lands about 60 percent Seventy six percent of 
the area is still on the downgrade No less than 589 million acres of 
range land is eroding more or less seriously reducing soil produc 
tmty and impairing watershed services Tiiree fifths of this area 
IS adding to the silt load of major western streams An outstanding 
cause of range depletion has been excessive stocking Some 17 3 
million animd unite are now grazed on ranges which it is estimated 
can carry only 10 8 nullion 

Severe recurrent drought has contributed to this overstocking 
Stockmen have been foiced to damage the range, in ordei to meet 
their immediate obligations Unsuitable land Taws have made the 
range a bewildering mosaic of different kinds of ownerships and of 
uneconomic imits Most spectacular among the maladjustments of 
range land use has been the attempt to use more than 60 million 
acres for dry land farming About half of this area, ruined for 
forage production for years to come, has already been abandoned for 
cultivation 

The national forests furnish indispensable summer range Die 
83 million acres grazed by domestic livestock has improved so that 
it IS now depleted only 80 percent, important water yielding areas 
on national forests aie being afforded proper watershed protection 
and it has been necessary to exclude livestock from only a compara 
tively small area Research carried on by the Forest Service is show 
ing how to manage range lands for stable forage and livestock pro 
duction, how to reseed severely overgrazed range and abandoned 
diy farms in the range area, and how to coordinate grazing use with 
erosion prevention, flood control, and water delivery, tree reproduc 
tion, wildlife, and recreation 

PLANT RESEARCH 

Excellent results contmue to be secured with the two outstanding 
varieties of upland cotton mtroduced and developed the Bureau of 
Plant Industry These varieties are Acala and Lone Star These two 
cottons, with the strains and varieties developed from them, are now 
annually planted on more than 1,000,000 acres in the Cotton Belt, 
distributed from (Georgia to California Practically the entire upland 
cotton acreage in the irrigated valleys of the Southwestern States — 
Texas, New Mexico, Arizona, and California — is planted to Acala 
Because of its productiveness and superior quality of fiber, Acala has 
become outstandingly popular with growers in parts of Oklahoma and 
Arkansas, and in test plantings conducted for several years at State 
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stations in Texas, Acala has been shown to be especially 
to the great blackland soil area of that State 
outstanding results of the past year’s work concerns the 
Hopi cotton, a small boll tyw grown, probably for centuiies, by the 
Hopi Indians in northern Arizona This cotton has a staple only 
thirteen sixteenths of an inch long, but fiber studies and spinning testa 
conducted by the Bureau of Agricultural Economics show that it 
approaches sea island in fineness and produces a yarn as strong as that 
made from 1«J2 upland cottons The lU inch fiber from a first 
generation cross between Acala and Hopi produced a yarn as strong as 
that derived from V/^ inch upland cotton 

Interest in sea island cotton has greatly increased both among 
former growers and among manufacturers desiring this finest of the 
world’s staples for special textile purimses In spite of the many 
hazards of production under weevil conditions in the Southeastern 
States, about 700 acres were planted in 1935 in northern Florida 
Seed for this acreage was the increase fiom a small reserve stock 
furnished by the Bureau in 1934, through the Florida Extension 
Service, to a few giowers for experimental demonstrations Only 15 
I ales were produced on the 175 acres planted in 1934 but 170 bales 
were produced on tlio 700 acres planted in 1935 and sold at prices 
r inging from 25 to 28 cents a pound As a result of the more favor 
able returns in 1985 alxiut 4 000 acres were planted in northern 
Florida and southeastern Georgia in 1936 
The need for dei eloping earlier and more prolific strains of sea 
island or a substitute for this cotton better adapted to present condi 
twns has become acute Special studies are being made therefore of 
hybrids between sea island and outstanding upland long staple va 
neties to find a type combinmg the long, silky quality of sea island 
fiber with the larger bolls and earlier maturity or upland Approxi 
mately 8 000 hybi ids were made in 1935, about 3 000 of these being sea 
ibl ind crossed on upland and 5 000 upland crossed on sea islana A 
s> stem of convergent crosses, in which hybrids are bock crossed to 
one or both parents, is being used in an effort to establish pure strains 
having the desired combinations of fiber quality and plant char 
actenstics 

Among the extra staple upland cottons showing ^ecial promise as 
a substitute for sea island is a selection out of the Tidewater variety 
developed by a former sea island breeder near Charleston, S C , m 
cooperation with specialists of the Bure lu The now strain is much 
more productive than sea island has bolls about twice the size, and 
pioduces a fine quality of fiber 1^ inches long The stock is being 
further selected and used in the hybridization work with sea island 
Improved strains of Meade, an early upland variety, with fiber 
similar to sea island in length and quality are aloo being developed 
for use in the studies of extra staple cottons adapted to production 
in the Southeastern States 

The most important result in Egyptian type cotton breeding durmg 
the past year is the establishment in commercial production of the 
SxP variety, derived from a cross between Sakel, the longest in staple 
of the Egyptian varieties and the Pima variety of Arizona Ap- 
proximatmy 1,700 acies of SxP were grown in the Salt River Valley 
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in 1985, and the yields were so satisfactoiw and the market for the 
product was so active that the demand tor planting seed in 1986 
gr^tiy exceeded the supply. Some 10,000 acres of this variety are 
Deing grown in 1986 in the Salt River Valley _ and neighboring dis- 
tricts. Production on this scale should determine definitely the posi- 
tion of this cotton in the markets as compared with that of Pima. 
If SxP can be substituted satisfactorily for Sabel cottom large quan- 
tities of which are imported annually into the United Stat^ a con- 
siderable expansion of the acreage of Egyptian-type cotton in the 
Southwest would be likely to result, and increased production should 
place the American-Egyptian industry upon a more stable basis. 

Grains 

The stem rust epidemic of 1935 was perhaps as severe as or even 
more so than those of 1904 or 1916. Late seeding in the ^ring wheat 
belt, delayed maturity of winter wheat in Eans^ and Nebraska fol- 
lowing late germination due to a dry fall and winter, a rank growth 
of wheat late in the season, unusually favorable conditions for the 
development of the rust, and an abundance of inoculum from the 
wheat fields of Texas, combined to produce the most widespread 
epidemic in the histoi^ of the Great Plains. The loss in North 
Dakota alone has been estimated at more than $100,000,000 and losses 
were proportionately as great in South Dakota and Minnesota. The 
winter wheat crop also suffered though not to so great an extent. 

The Thatcher variety of wheat, produced as a result of research 
^ this Department and the Minnesota Agricultural Experiment 
Station and distributed to farmers last year, withstood the epidemic 
remarkably well. Nominal damage only was suffered by mis va- 
riety as compared with complete or nearly complete failure for the 
Marquis variety under similar conditions. Ceres, which is somewhat 
resistant to rust, was also severely injured, though not to so great 
an extent as Marquis. Thatcher has proved acceptable to the grain 
and milling trade and popular with farmers. Tne acreage is Being 
rapidly increased. 

Three other new varieties of wheat, produced as a result of the 
cooperative work of the Bureau, have recently been distributed to 
farmers. Bex, produced at the Moro and Pendleton, Oreg., field 
stations, was first grown commercially in 1934. Several thousand 
acres were seeded for the 1936 crop. The chief characteristics which 
commend this variety to farmers are its lesistance to the principal 
races of bunt occurring in the Pacific Northwest, early maturity, 
winter hardiness, stiff straw, resistance to shattering, and him 
yields. It is recommended principally for the area south of the 
Snake River in Washington and Orogon. 

Hymr, produced at the Washin^on Agricultural Experiment Sta- 
tion, is aliw highly resistant to me races of bunt most generally 
prevalent in the Pacific Northwest. It is popular with farmers 
chiefly b^ause of a relatively high test wei^t and Ugh relaliye 
yields with favorable conditions with respect to moisture. It is 
gown chiefly in the Palouse area of Washington north of the Snake 
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The quantity of water m the soil at seeding tune is definitely re 
lated to the ^eld of winter wheat Becent analysis of soil moisture 
and crop yield data obtained in emeriments extending over a period 
of 26 years in the central Great ]nains has developed principles by 
which the farmer may recognize at seedmg time conditions that in 
dirate high probabilities of failure or success and regulate the seeded 
acreage accordingly The depth to which the soil is wet can be 
deternuned by observation, and is a good meisure of the quantity 
of water in the soil The prospect of a good crop increases with the 
depth to which the soil is wet When wheat is planted in a dry or 
nearly dry soil, the probability of success is extremely low At 
three stations in western Kansas the chances were 71 out of 100 that 
the crop would be a failure (4 bushels or less per acre), and there 
were only 18 chances in 100 of producing a 10 bushel or better yield 
When the soil was wet to a depth of 3 feet at seeding tune, the 
chances of fiilure were reduced to 10 in 100 and the chances of 
producing a 10 bushel or better crop were 84 in 100 

When Tittle or no rainfall occurs soon after seeding in soil moist 
to a depth of only a few mches the probability of failure is greatly 
increased When the initial soil moisture is deficient and the pre 
cipitation IS low to April 1, it is probable that abandonment of the 
crop and the conservation of water in a summer fallow for a future 
crop will pay far better than allowmg the water to be wasted by the 
poor crop and the weeds on the land 

Much of the hazard of winter wheat production m the central 
Great Plains can be avoided by limitmg the acreage m years when 
wheat must be planted on soil that is not wet to an adequate depth 
In some sections a summer fallow for an entire season may be neces 
sary to store the necessary quantity of water, and in sections with 
heavier precipitation cultivation beginnmg immediately aftei harvest 
may be sufficient in most seasons In particularly dry seasons no 
metiiod of cultivation may be able to provide the necessary protection 

Fifteen varieties of oats, developed by breeding mostly m coopera 
tion with the Iowa, New York Oregon, and Idaho Agricultural 
Experiment Stations, were distributed from 1913 to 1981 These 
improved varieties are now grown on 10,000,000 to 15,000,000 acres 
annually Among these varieties Bichland and logold are highly 
resistant to stem rust, and Markton is extremely resistant to smut 
These varieties have bron crowed with others resistant to crown rust, 
and certain of the hybrid selections from the crosses are resistant to 
all three diseases and m addition are very promising m yield 

Eleven com hybrids developed in cooperation wnth the Iowa, Ilh- 
nois, and Inchana Agricultural Experiment Stations were distributed 
dur ing the period from 1932 to 1934, inclusive, and were grown on 
nearly 115,000 acres in 1935 Each of these hybrids has yielded an 
average of 12 to 26 percent more than good local varieties m compara 
tive tests during the last 4 or 5 years These hybnds also have been 
much more resistant to lodging than the open pollmated varieties with 
which they have been compart 

Experiments with newly developed early maturing varieties, such 
as Sooner mUo, mdicate that they may be planted as Tate as July 1 or 
15 in most of the commercial gram sorghum producing areas and still 
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mature a cro|> of grain. For late planting, certain of these newly 
developed varieties are far suMrior to the ordinary varieties that are 
more productive when planted early. Sooner milo has matured and 
yielded satisfactorily as far north as South Dakota, and also under 
irrigation at Loran, Utah, in the intermountain region. 

l^e root-rot msease attacking milo and darso has been found to be 
caus^ by the organism knovm as Pythium ar^henomanea Drechs. 
This organism occurs in the soil of many localities and attacks com 
and su^rcane and certain varieties of sorghum. This disease can be 
controlled by the use of resistant varieties. Resistant strains of milo 
have been selected by the Kansas Agricultural Experiment Station in 
connection with cooperative studies of the disease. Susceptibility to 
the disease is inherits in a simple genetic manner. 

The “white-tip” disease of rice has been deinonstrated to be caused 
by an iron deficiency. The disease is characterized by a loss of chloro- 
phyll from the leaf tips and by chlorotic spots in older leaves. 
Plants severely affected have dwarfed, twisted culms and twisted 
leaves and panicles, a condition that results in a marked reduction 
in yield. Some varieties are less susceptible than others. In grem- 
house experiments the deficiency of iron, which is associated with 
an alkaline soil condition, was corrected by applications of calcium 
cyanide, sulphur dust, or ammonium sulphate. 

Grass and Pasture 

Ecological studies in the central and southern Great Plains to 
determine the effect of heat and drought on native grasses were 
made at eight different stations in this region in cooperation with 
the Kansas Agricultural Experiment Station, and the Division of 
Dry Land Agriculture, and the Soil Conservation Service of the 
Department. Buffalo CTass and blue grama constitute more than 
90 percent of the total vegetation on all soils except those which 
were very sandy. Buffalo grass was more abundant than any other 
grass on the heavier soils, but blue grama was found to be adapted 
to a much wider range of soils. A large percentage of the native 
grasses were killed during the drought in 1983-34. Soil blowing and 
overgrazing contributed materially to the damage, but heat and 
drought caused much more injury than grazing. As the intensity 
of grazing^as increased the actual ground cover of buffalo grass de- 
creased. Heavy grazing and drought caused more injury to blue 
grama than to buffalo grass. Pastures were severely injurad by the 
drought but surviving plants remained evenly distributed so that 
with favorable climatic conditions and proper management recovery 
to normal stands should be possible in a few years. 

Woolly finger^ass introauced from South Africa was grazed for 
the first time at^fton, Ga., in ccunparison with other grasses. This 
gi^, planted vegetatively in 1934 on unfertilized Tifton sandy loam 
soil and with an incomplete stand, carried for 216 days three head 
of steers with an initial average weight of 448.8 pounds. The aver- 
age gain per steer was 840.8 pounds or a daily average gain of 1.68 
pounds iier head. This was the larger daily gain on any grass 
pasture at Tifton, and these steers were in better condition than any 
others. Comparable steers on a pasture of carpet grass, Dallis grass, 
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lespedeza, and white clover fertilized annually with 600 pounds pei 
acre of complete fertilizer made an average daily gam of 1 40 pounds 
per head Bermuda grass and lesmdeza produced an average daily 
gain of 1 02 pounds per head, and Inidzu was the only typ ot pasture 
at lifton on which the daily gains of the steers exceeded those of the 
woolly fin^rgrass pasture the average for kudzu being 1 60 pounds 
The introduction of woolly fingergrass has revived hopes of pro 
vidmg productive pastuie on poor upland soils of the Cotton Belt 
It IS both palatable and nutritious but, unfortunately, has failed thus 
far to produce viable seed Breeding designed to overcome this 
weakness was begun this vear 

During the past year three new lettuce varieties or strains have 
been released to the seed trade One of these varieties released to 
seedsmen under the designation Columbia No 1 is a crisp heading 
sort similar in appearance to the New York and is adapted to cuf 
ture in the r istern part of the United States It appars to be 
resistant to tipburn and better adapted to eastern conditions than 
any strain of the New York type oi lettuce previously grown An 
other variety is a midseason or summer crop one adapted to the 
Salinas Watsonville section in California and designated as Imperial 
847 It appears to be brown blight resistant The third variety 
of the group is a mildew resistant strain of the Giand Kapids variety 
for greenhouse culture It has been released under the name Grand 
Rapids No 1 

Fertiuzer Placement 

In cooperative tests hiving to do with the placement of fertilizer 
in the soil with leferonce to the position of the tobacco plant stnk 
ing results weie obtained with respect to both the survival of trans 
plants and the final growth and quality of the crop Perhaps the 
most critical piiod in growing the tobacco crop is tnat immeniately 
following transplanting a good stind and a quick, even start m 
growth TOUig highly impoitant Ceitain placements of the fertilizer 
resulted in a high moitality of plants so that although the crop was 
replanted two to four times peifect stands were never obtained and 
tlie growth of the surviving plants was nregular Side placements 
have produced uniformly good results, where is mixing the fertilizer 
in the band of soil fiom 4 to 6 inches in width and depth around 
the plant gave pooi results Wlien the fertili/er was placed in a 
band underneath the plant the lesults were unsatisfactory Where 
the fertilizer was dulled in the open fuirow and stiired with the 
soil and the row then ndged, the results os a rule were good, 
although they did not equal those obtained with the side placements 
Split applications of fertilizer with a portion applied to the side, 
usually pranced the highest yield and value of crop obtained in the 
tests In compaiative tests with standard strength and high 
analysis miztuies, the results obtained were in close agreement 

On some of the principal cotton producing soils of the Southeast 
the reinforcmg of fertilizers with magnesium and calcium neutraliz 
ing agents has rendered fertilizers more effective in the grownng of 
cotton When fertilizers are made nonacid forming, the less cos^ 
soluble organic and inorganic sources of nitrogen may be as effi 
cient on many cotton sous as the more expensive natural insoluble 
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or^^c sources of nitrogen and all the fertilizer may be applied at 
or in advance o^lanting on many soils without serious danger of loss 
by leaching. The application of such fertilizers at planting tends 
to reduce the production cost of cotton when compared with the 
system of applying the mixture containing part of the nitrogen at 
planting and the remainder as a separate application after the crop 
m up. Fundamental work with machine placements of fertilizers to 
cotton, in cooperation with the Bureau of Agricultural E^neering, 
has shown side placements to be the most satisfactory. Efforts are 
being directed toward devising practical and inexpensive means of 
accomplishing this placement of fertilizer. 

WILDLIFE 

With allotments from emergency funds aggregating $8, .500, 000, the 
Bureau of Biological Survey on July 1, 1^4, undertook the task of 
averting the most serious crisis with which waterfowl in this country 
have ever been faced. Of this amount, $8,100,000 has been expended, 
and the balance has reverted to the Treasury. 

The most protracted drought in our history, drainage operations, 
and attempts to reclaim land for agricultural purposes had combined 
to bring aoout an extivmely serious shortage of n.iteifonl bleeding, 
resting^ feeding, and wintering grounds. This condition, augmented 
by an increase in botulism and other waterfowl diseases, large-scale 
hunting acti-inties, and the toll taken by predatory animals had so 
sJarmingly reduced the waterfowl population as to forecast extinction 
of many species within the space or the next 6 years unless preventive 
steps were taken at once. 

To save waterfowl and restore them to approximatelv their former 
abundance was and is the primary consideration of the Survej’s 
activities, but it should not he overlooked that these activities con- 
stitute a powerful weapon in the battle toward economic recovery 
and reconstruction. This will he evident from consideration of the 
following integral parts of the duck-restoration program : 

1. Purchasing large areas of submarginal land, which in practically 
every case has proved entirely unfit for agricultural usages. The sale 
of their land has enabled distressed fanners to move to more desirable 
locations and start anew. 

2. Employment by the Survey of a large number of men, many of 
whom were on relief rolls. This is especially important, since, in the 
main, these activities are located in drought-stricken areas that have 
been the hardest hit by the depression. 

8. The construction of storage dams, marsh embankments, and 
other water-impoundment devices in the course of the development 
of practically every wildlife refuge. These improvements wifi con- 
serve valuable water resources which are now being dissipated to an 
alarming degree. The drought has emphasized the need for the con- 
servation of water, and the popularity of the Survey’s activities in 
the Dakotas, for example, shows that there is great public interest 
in this phase of conservation. 

4. The propagation and protection of heavy growths of vegetation 
for waterfowl food and cover. Such work forms an important part 
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of the refuge development program and helps to repair the damage 
which the uncontrolled action of wind and water has indicted 

Between $800 000 000 and $1 000,000,000 is spent annually for 
sportsmens equipment and outdoor facilities, and a million people 
depend wholly oi in part upon some aspect or this business for their 
livelihood In addition, theie is the fur industry, with an estimated 
$600,000,000 annual turn over in retail trade The threat to industries 
of such proportions obviously merits attention 

The educational and esthetic value of wildlife is important, and 
laboratory facilities are being piovided on a number of the water 
fowl refuges Ihe fund of dita in the natural sciences will thus be 
enriched The hunting, as well is the observation, of waterfowl 
furnishes millions with healthful recieition On manj wildlife 
refuges the Survey is developing picnic giounds and bithing facili 
tics for the use of the public 

Tne total uieago of bird refuge land actuallv administeied by the 
Biological Survey as of Pebrnaiy 29 1936 exclusive of the acreage 
of those refuges located in Alaski Hawaii, and Pueito Rico and 
exclusive also of a laigo acieige of big game land on which birds 
are also piotected, is 2118431 acics iiid includes moie than 100 
refuges There aio idditionil aieas on which options for purchise 
have been approved by the Migratory Bud Conservition Commis 
sion These areas totil some 999 398 acres and include 36 aieis that 


are now, or soon will be, functioning as witcrfowl refuges through 
special permits from the owncis Tims it may be said that there are 
now under the Bureau’s jurisdiction over 3 000 000 acres of bird 
refuge land « 

® Bic Came Rpniri s 


Two outstanding big game lefuge piojects have been inaugurated 
under the $6 000000 appiopiiition approved June 15 1935 One of 
these provides foi the enlaigement of the Elk Refuge m Teton 
County, near Jackson Wyo , to take caie of the great bulk of the elk 
of the southern Yellowstone heid which winter in the J vekson Hole 
country Tins project involves the acquisition of 20 000 acres to be 
administered in connection with the 4 500 acres already owned and 
operated at that point Roughly, the aiea includes the land lying 
north of Jackson, east of the Jacl^n Moran Highway south of the 
Gros Ventre River, ind west of the boundaries of the Teton National 
Forest The elimination of piivato interests from this area and the 
restoration of graving therein will provide an abundance of winter 
feed for the elk This pi eject is very important 
The other pioject is known as the Hart Mountain Antelom Range, 
in Lake County, southeastern Oregon It has been established by 
Executive order in connection with the organization of grazing dis 
tncts under the Taylor Act The purchaM of some 25 000 acres of 
privately owned lands has been initiated under the 1935 appropriation 
above mentioned 

Other pendmg projects foi the designation of ancestral game 
ranges have been agreed upon in connection with the grazmg districts 
being organized under the Taylor Act 
Improvement of big game refuges by C C C camps has contmued 
at the National Bison Range, M!ont , the Niobrara Game Preserve, 
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Nebr.; the Charles Sheldon Antelope Befuge, Nev.; and the Wichita 
Mountains Wildlife Befuge, OMa. 

Federal authority over migratory birds will be reinforced and 
extended by an act of Congre^ approved June 20 to give effect to 
the convention between the United States and Mexico for the protec- 
tion of migratory birds and game mammals. The United States 
^nate on April 30 consented to the ratification of the treaty, Mexico 
has not yet ratified the treaty. It will take effect on the exchange 
of ratifications. Federal autWity over migratory birds has hereto- 
fore depended on the Migratory Bird Treaty with Great Britain. 
The new tret^ reinforces this authority by providing for a dual 
bwis for the lederal regulations conserving ducks, geese, and other 
migrants. 

With the signing of an agr^ment W State agencies in Ohio, nine 
States are now cooperating with the Biological Survey in investiga- 
tions to learn how to increase, maintain, and use wildlife resources 
and to show on trial areas how research results can be applied. The 
cooperating States are Alabama, Connecticut, Iowa, Maine, Ohio, 
Oregon, Texas, Utah, and Virginia. These were selected for research 
on a regional basis and to avoid duplication of effort. Each State 
pro^am^ is arranged so that the information obtained may be 
applied in a large area. 

AGRICULTURAL ENGINEERING 
The best regulation and use of the waters of at least 11 of the 
Western States depend upon reliable forecasts of stream flow. Ad* 
vance knowledge of stream flow is indispensable to the proper opera- 
tion of irrigation, hydroelectric, and flood-protection woiks. In the 
making of such forecasts, however, adequate snow surveys are neces* 
sary, and snow surveying has not yet reached the required propor- 
tions. Accordingly, the Bureau of Agiicultuial Engineering, in 
cooperation with other Federal and State agencies, is planning several 
hundred new snow courses for survey during the winter of 1936-37. 
This undertaking will extend the snow-survey work into areas not 
now served. 

This Bureau has had the responsibility of coordinating, standardiz- 
ing, and extending the snow-survey w’ork of various agencies. It 
issued forecasts of the 1936 8eason’’s water simply for the greater 
parts of California, Oregon, Nevada, Idaho, Utah, Wyoming, and 
Colorado shortly after April 1986. These forecasts indicated that 
most of the streams would yield 100 to 125 percent of the normal 
supply and that the run-off would equal the highest recorded in the 
last 10 years. With this assurance, irrigators prepared to plant all 
the area that had heretofore been irrigated. 

However, the unusually warm spring resulted in a very early and 
very heavy run-off. In areas having inadequate storage facilities 
much water ran to waste; and in some areas little irrigation water 
was left for late-season needs. Warned against planting late crops, 
farmers adjusted their cropping programs and avoided certain loss. 
Where long snow-survey records were available, it was possible to 
distribute the water among the storage reservoirs in such manner as 
to effect the greatest economy in its utilization. 
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The net safe yield of water for irrigation from western watersheds 
depends upon reservoir storage Evaporation from lakes and reser 
voirs results, however, m a material loss This loss is largely un 
avoidable, but knowledge of its magnitude and of the factors that 
influence evaporation helps in devising means for reducmg the loss, 
in estimating the available reservoir supply, and m determining the 
feasibility of reservoir construction projects It is useful also in 
plann^ irngation, municipal water supply, and hydroelectric pro] 
ects Tne data collected by the Bureau provide the oasis for estimat 
ing the evaporation losses from the surfaces of stored water and from 
water transported long distances in open conduits 

The best use of water requires an understandmg of soil character 
istics, particularly those related to the absorption and retention of 
water Studies of the rate of movement of capillary moisture have 
high practical value in determimng soil moisture conditions, with or 
without irrigation Studies of the infiltration of water into the soil 
indicate what types of soils can best be irrigated and how land 
should be prepare for irrigation Research m the Bureau of Agn 
cultural Engmeenng is throwing new light on these problems 

Irrigation to protect hi^ value crops against dro^ht is receiving 
increased attention in the Eastern States Where su^ient water can 
be had at reasonable cost the practice is profitable in growmg fruits 
and vegetables In the spring of 1986 irrigated stran^rnes on the 
Eastern Shore in Maryland produced an excellent crop of high grade 
berries The mcreased mcome this year practically paid the cost of 
mstalhng the irrigation equipment Adjacent unimgated fields, be 
cause of drought, produced no marketable berries Irofitable results 
from irngatmg fruits and vegetables were reported also from Flor 
ida, Michigan New Jersey, Ohio, Virginia, and West Virginia But 
results from the irrigation of general field crops m the East do not as 
a rule justify the expense 

Common tillage practices in the production of cotton can readily 
be modified so as to increase the yield and lower the cost of pro 
duction on at least one soil type — Greenville sandy loam This has 
been discovered in tillage experiments carried on for 5 years at 
Prattville, ^a The methods and the tools used in tillage influence 
both fiber length and yield Operations repeated each year with 
implements that improve or injure the soil structure have a cumula 
tive effect on the crop The depth and the method of turning under 
green manure crops also influence the yield of cotton on this soil 

Improved Farm Equipment 

New or improved equipment is being put out by farm machinery 
manufacturers partly as a result of investigations by Department 
engineers This machinery includes (1) fertilizer distributors that 
place the fertilizer, during the planting operation, at the proper dis 
tance to the side and below the seed to be of greatest benefit to the 
crop , (2) the variable depth cotton planter, which eliminates the 
necessity for replanting except under extraordinarily unfavorable 
weather conditions, and (3) a basin forming attachment for the 
lister when used in planting corn, designed to form dams at short 
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interyals in the lister furrows to conserve moisture by holding rain- 
fall and to prevent or reduce erosion by water and by wind. 

Farm-machinery sales have increased. Information received by 
the Bureau of A^icultural En^eering indicates that the value of 
the equipment sold in the United States by manufacturers in 
1985 was ^25,566,909, as compared with $248,979ii23 in 1981. Sales 
during 1986 will probably exceed $400,000,000. Much of the increase 
will M due to the sale of newer ty^ of equipment, such as the 
general-purpose tractor on pneumatic tires, and the small combined 
harvester-thresher. It is e^imated that no fewer than 7,500 com- 
bines operated from the tractor by power take-off and mounted on 
pneumatic tires were used this year in the Corn Belt and the South- 
ern States. These machines harvest a variety of crops satisfactorily, 
particularly soybeans and small grain. The power take-off, which of 
course does away with the need for an engine on the combine, re- 
duces the cost of the machine greatly; and the pneumatic tires make 
lighter construction possible. Though the small machines have a 
narrower cut than the machines formerly in common use, the rate of 
harvesting is not proportionately lower, because the smaller machines 
can be pulled at higher speeds. 

Tests conducted at the Department’s cotton-ginning laboratory at 
Stoneville, Miss., have attracted wide interest. Many ginners are 
modernizing their gins and following the recommendea methods. In 
the 1935-36 ^nning season 200 seed-cotton driers, built on a principle 
patented by Uepartment engineers, conditioned about one-third of a 
million bales of damp cotton for ginning. About 800 such driers may 
be in operation in the 1936-37 ginning season. 

In buildings for the storage of frmts and vegetables in commercial 
quantities, especially in cold climates, the control of temperature and 
Humidity (or air-conditioning) is important not onl^ for the safe and 
economical holding of the crop but for the prevention of damage to 
^e building Investigations of potato storage by this Department 
in cooperation with the Maine Agricultural Experiment Station have 
developed an improved method of obtaining the desired air condi- 
tions. These methods take advantage of the well-known fact that 
moist air coming in contact with a cold surface deposits moisture, 
and in so doing liberates about 1,000 British thermal units of heat 
per pound of moisture condensed. In this way the walls of the 
storage house are dampproofed and the ceiling is insulated more 
than the walls, so that high humidities to aid in Keeping the potatoes 
in good condition can be held without damage to tne Wlding. In 
cold weather excess moisture given off by the potatoes is drained 
away as water, with much less loss of heat from the building than 
if it were carried away as vapor by ventilation. Heating and venti- 
lation during cold weather are reduced to the minimum and loss of 
weight by the potatoes is lessened. The sam^rinciple is applicable 
to the storage of other v^tables and fruits. With some modification 
it may be useful in builmngs for livestock and for other purposes. 

IHPROVEME^T OF FaRH HoKES 

The improvement of farm homes remains one of the unaccomplished 
ta^ of agriculture. Observations in many parts of the country indi- 
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cate that comparatively few farm families have as yet found it 
practicable to provide themselves with modem homes either through 
new construction or by modernizing the old dfvellings Sooner or 
later there must be a tremendous volume of firm home improvement 
and new construction Therefore this Department, m cooperation 
with the State Universities of Wisconsin and Georgia, is gathering 
facts about the comfort and service provided by various types of farm 
houses found in the North and in the South One phase of the in 
vestigation deals especially with the factors in house design that con 
tribute to comfort m hot weather Ihe results should aid materially 
m the development of improved designs 

GRADING AND STANDARDIZATION 
A NEW principle entered the giading and standaidization work of 
the Department this year It was the use of the refeiendum to de 
cide whether or not a group should have mandatory inspection based 
on Federal st indards for market quality and condition 

This new development was provided for in the Tobacco Inspection 
Act, signed in August 1935 Permissive inspection, which began in 
1929, has demonstrated the feasibility and practical value of tobacco 
inspection based on standard grades Several referenda indicated 
that tobacco growers m large numbers want mandatory inspection 
They see in it a means of reducing the costs and improving the 
efficiency of marketing and distribution 

Ihe tobacco inspection service has for its object the certification 
of the grade on each lot of tobacco offered for sale at auction It is 
designed to overcome the average producers lack of technical know! 
edge of the qualities and values of his tobacco and to improve the 
geiier il technique of m irketing the crop It is coupled with a price 
reportmg service that gives the current average pnees for the van 
ous grades These two services enable the grower to have at the 
time he sells liis tobacco a competent and disinterested judgment on 
the quality and approximate market value of his offenng 

As a result of favorable votes in several lefeienda mandatorj 
inspection service his bton ordered for 18 tobicco markets and an 
othei market has voted faioiably on the mittei and imII soon bo 
designated The law howevci has been chillenged in the courts, 
and a temporary injunction issued, which for the time being stops 
the grading of tobacco on thiee designated markets in South 
Carolina 

The first official inspection service known to have been provided 
for any agricultural commodity was a tobacco inspection service It 
was passed by the Viiginia House of Burgesses in 1619 Since tlien 
much legislation pertaining to tobacco inspection and to other phases 
of production and commerce in tobacco has been enicted However, 
the Tobacco Inspection Act is the first piece of national legislation 
providing for tooacco inspection that has had for its primary omect 
the protection of the producer’s rights and interests when he offers 
his tobacco for sale The first State legislation of a similar character 
was enacted by Virgmia in 1938 It related to fire cured tobacco, 
type 21, which is produced in a group of counties south of the James 
Hivpr 
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An educational program has been started in connec^on with the 
mandatory tobacco inspection and the market-news service to promote 
improved methods of sorting tobacco and preparing it for market. 
This program is limited at present, but it has met with an encouraring 
response from county agents, agricultural teachers, farmers, and the 
tobacco trade. „ t. o 

Permissive Federal Standards 

There has been for many vears an extensive use of Federal stand- 
ards on a purely permissive basis. Along with the use of mandatory 
Federal standards for cotton and grain under certain interstate mar- 
keting conditions, the voluntary use of optional Federal standards hM 
developed. Progress has been particularly noteworthy in the fruit 
and vegetable industry. Ten years ago the Federal Inspection Serv- 
ice inspected 198,076 cars. Last year it inspected 396,250 cars. In 
the concurrent development of the two methods the compulsory and 
voluntary use of Federal standards have promoted each other. This 
year marks the first meeting of compulsory and voluntary action in 
the case of a single commodity. 

Extensively revised standards were recently promulgated for grain 
and cotton to meet the needs of changing production and marketing 
practices and to embody new knowledge. 

The United States standards for cotton also serve as the univer^ 
standards for American cotton. Accordingly representatives of nine 
principal European organizations were consults in the revision of 
the standards. Leading representatives of American organizations of 
producers, manufacturers, and shippers were consulted also. The 
revised standards became effective in August 1936. Thej are more 
representative than the former standards of the characteristics of the 
cotton now produced and are more readily used. The number of 
grades is reduced from 37 to 32, and the number of standard boxes 
nom 25 to 13. 

Along with the whole (}uestion of what constitutes quality in cotton, 
method are being studied for the further measurement of quality. 
New techniques are being devised and tested. They may permit 
further improvement in the standards. 

The revised grain standards were drawn to meet changes in mer- 
chandizing, nulling, other processing, and baking. All groups 
interested in grain marketing from the farm to the export wharf 
were urged to examine and test the revised standards before they 
were promulgated. Somewhat less significant, but not less use^l, 
revisions are being made in the permissive standards from time 
to time. 

Farm products inevitably include wide ranges in quality. Stand- 
ards must change with significant changes in production practices. 
Sometimes preferences and requirements of consumers vary decidedly 
in different markets. Changes in industrial technique or in method 
of marketing may change the importance of certain quality fac- 
tors or quality standards. New loiowledge of nutritive values may 
upset previously formulated specifications of desirability, and new 
tMhniquee for the measurements of quality may make improve- 
ments possible. It is, therefore, necessary to revise the standards 
periodically. 
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Improvements in Standardization 
The first Federal standards were largely empirical, but in expert 
hands they served As a basis for transactions between distant 
points, for a common trade language between farmers, dealers, and 
consumers, for market quotations, for price and market comparisons, 
and for agricultural financmg and credit, they answered many vital 
wants But research and experimentation in the Department stead 
ily improved the standards and the methods of applying them 
Methods, instruments, and other apparatus were adapted to specific 
ends Many public service patents have been obtained for appa 
ratus desimed especially for gram standardisation and inspection, 
and for other agricultural commodities Phis year saw the conclu 
Sion of an exhaustive practical test of a new gram sieving device 
known as the Federal dockage tester, the making of new conversion 
charts foi use with electric meters m determining the moisture 
content of Argentine flint com and several other grams, and an 
improved refractometnc method for determining the oil content of 
flaxseed This method requires only a half hour instead of the 16 to 
24 hours formerly required In commodity grading much still re 
mams subject to humTii judgment and skill, particularly m regard to 
such factors as flavor, body, and color m butter But accurate meas 
urements, through mechamcal or chemical means, are steadily re 
placing the earlier empirical knowledge and ways 
These techniques are the results of laboiatory and economic re 
search supplemented by piactical observation The studies are fre 
quently intricate but the lesulting tests must be simple and prac 
tical As a general rule, the standards reflect the normal spreads in 
the market value of a commodity Ihe steps between CTades corre 
late faiily closely with the price differentials that prevail in the n 
kot Besearch is providing more precise measures of the price sig 
mficince of separate quality factors Some quality factors that 
affect prices, however, may not yield to statistical measurements, and 
3 necessary then to rtly on observation and judgment 
The relationship between the grades and market price differen 
tials does not remain constant necessaiily Price spreads between 
grades of a product frequently leflect th^roportions of the product 
that fall withm each of the grades Tjiere are other mnuences 
Buyers’ opinions as to value do not always correspond to intrinsic 
value Before the Federal standards were adopted, for instance, 
“pea green color” was the quality factor m alfalfa hay that com 
manded a premium Rescarra disclosed that the feed value of alfalfa 
hay eorrelates more closely with its leafiness Then the factor of 
leafiness was given gi eater emphasis in the standards Steadily in 
creasmg premiums paid for leafy as compared with pea green alfalfa 
apparently reflect the mfluence of the revised standaids Present 
studies give special consideration to the carotene or provitamm 
content of hay . i, 

Naturally, standards have hmitations They cannot meet all re 
quirements Some believe they are too general, and do not ade 
quately measure variations in quality This difficulty often lies m 
the products As research yielife more accurate measures of quality 
factors, the descriptive standards will become more precise 
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Sometimes the margin recognized between the upper and lower 
limits of some grades may seem to be too wide and may not ade- 
quately reflect qualities peculiar to the products of various regions 
But the national grades have to serve the national industry. It is 
impracticable to narrow them so as to cover all gradations in quality. 
Benonal characteristics that have market value may be covered m 
additional local notations. It may prove desirable for some com- 
modities to have different sets of standards for different sta^ in 
marketing. Special consumer grades may sometimes be iiracticable for 
retail use. _ , . 

CoNSUMEH Interest Awakened 


In fact, an outstanding recent development has been the awaken- 
ing of consumer interest in commodity standardization. Led by 
informed and organized groups, the consumers’ voice increasingly 
demands grade specifications that can be used in making household 
purchase^ and truthful and informative labeling based on these 
grades. Consumers have a right to know what they are buving. The 
Federal standards for meat are adapted to consumer needs, and the 
Federal labeling of meats by grade has had excellent cor^mer re- 
sponse. Beginning in 1927, in the first full year of this service, 
28,000,000 pounds of meat were officially graded and stamped. Dur- 
ing the last fiscal year 428,000,000 pounds were so graded and 
stamped. Originally only beef was stamped; now beef, laml^ mut- 
ton, sausage, and certain other meat products are included. Seattle 
in 1934 passed an ordinance requiring that all beef, lamb, and mutton 
sold within the city limits be gradm and stamped. Schenectady, 
N. r., has passed a similar ordinance. 

The labeling of canned fruits and vegetables according to grade 
has made rapid progress. The movement has strong consumer sup- 

g >rt, and strong support among certain grou^ in the canning trade. 

ne large chain-store organization is using Federal grade designa- 
tions on its pack of several fruits and vegetables and giving mem 
national distribution. National advertisers, however, are reluctant 
to adopt uniform grade labeling. They fear that their brands will 
lose prestige. But brands do not give consumers the information 
they want. There is no reason, moreover, why both the brand name 
and the grade designation cannot be us^ on labels. The Federal 
standards for butter, eggs, and certain kinds of poultry are suitable 
for consumer use. Labels based on these grades are coming into 
retail use. 

Possibly the next line of decisive progress will be in the greater 
use of Federal grades by consumers. That may require the develop- 
ment of special grade specifications or descriptions. 


HOME ECONOMICS 

Letters that pour into the Bureau of Home Economics indicate that 
the American public has turned “consumer conscious.” Men as 
well as women are asking daily for help in planning budgets. They 
want to know how to grt the most for their money, no matter how 
adequate or how limited their income. The economic situation of 
recent years has made families at all levels of living conscious of 
the need to budget their resources, to buy wisely, and to save. This 
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IS true of heads of families and of smgle men and women whose 
letters indicate a good educational background but it is equally 
true of those whose letters indicate that their educational oppor 
tunities have been meager It is true of families who are trymg 
to adjust to the budgeting of incomes ot $5 000 to $6 000 a year when 
they formerly were distributing veiy much larger amounts for 
family needs and also true of families who are trying to make ends 
meet when the total resources consist of less than $W a month fiom 
woik relief 

The solution of such problems must come in part through study 
of the spendmg habits of American families Yet there has never 
been a comprehensive study of Ameiican consumption habits and 
needs For this reason the Bureau of Home Economi s is now 
cooperating in such a stuly which has been launched under the 
Works Progress Administration 

■When the Emergency Relief Appropriation Act of 1935 was passed 
proposals to undertake a study or consumption hibits as a Federal 
Works project were submitted mintly by the National Resouices Com 
mittee the Bureau of Home Economics an I the Buieau of Labor 
Statistics the latter Bureaus constituting the administrative agencies 
The study of consumer purchases was approved by the Works Prog 
ress A Iministration in Decembei 193o Methods for collecting edit 
mg and tabulating the necessary data were develojed cooper itively 
by the Bureau of Home Economics the Bureau of Labor Statistics 
the National Resources Committee the Central Statistical Boaid and 
the Works Progress Administration 

The work of selecting a staff and of setting up regional and local 
offices in 27 States was begun in a pieliminary wiy in January 1936 
The field work be^n shortly thereafter is now nearmg completion, 
and statistical pools aie engaged in t ibulatmg the data Information 
has been collected from at out 50 000 families interested in cooperatmg 
to the extent of giving facts about their income about the age and 
occupation of their members and about the commodities and services 
they buy About half of these families have given moie detailed 
mformation on their expenditures foi housing rood clothing trans 
portation medical care an I vinous other types of goods and services 
and on their savings In addition from a smaller number of families 
detailed mformation has been obta ned on tl e kinds and quantities of 
food household equipment furnishings and clothing procured 

Families hvmg on farms in villages and in small city areas are 
cooperatmg with the Bureau of Home Economics City families are 
cooperatmg with the Bureau of Labor Stitistics When all of the 
facts are consolidated we shall know for the first time what typical 
Amencan families actually buy and what kind of living they get 

The cooperating families represent different occupations and family 
mcomes ranging from $260 up to $5 000 or more a year The facts 
will typify living conditions in different sections and will show vana 
tions due to rurM and city livmg x j i. ^ xi. 

Not only will the families profit who assist m the study but the 
findmgs will be valuable to all families who want guidance m 
budgetmg Consumers wants should eventually be met more satis 
factorily Decause the information when summarized and interpreted, 
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will help fanners and manufacturers to produce with less waste. 
Merchants will have a better guide to probable changes in consumer 
demand. The United States Chamber of Commerce requested such 
a guide a few years ago. 

The social value of the study will be important. The public, and 
local, State, and Federal agencies concerned with public health and 
general welfare, will have new facts to show the prevailing levels of 
uving in this country and to indicate the need for betterment. 

Value of Diet Statistics 

Facts about what the public eats are indispensable in planning farm 
production and distribution. Such facts also have an importwt bear- 
ing on education in dietary problems. The ^neral well-being of a 
pmple is largely dependent on the adequacy of their diet. Many fam- 
ilies who now fail to get a satisfactory diet can have a satisfactory diet 
for the same expenditure if they will consider both nutritive value and 
cost in choosing their foods. In order to help them the Bureau of 
Home Economics prepared Farmers’ Bulletin 1767, Diets to Fit the 
Family Income. This bulletin discusses scientific principles of nutri- 
tion and food economics in nontechnical language. 

During the past year, the Bureau analyzed the kinds and quantities 
of food purchased and the nutritive value of the diets of wage- 
earning families. The necessary records were collected by the Bu- 
reau of Labor Statistics, in conjunction with a study of the dis- 
bursements of families of wage earners and low-salaried clerical 
workers. About 2,500 records became available for this analysis. 
As a result, extensive figures will soon be available on the kinds and 
quantities of food purchased bv city wage-earner families in different 
sections of the country at different seasons of the year, and at dif- 
ferent levels of expenditure. 

The diets have been analyzed for their nutritive content and ap- 

§ raised in the light of dietary standards. A preliminary report of 
le work appeared in the July 1936 issue of the Monthly Labor Re- 
view. This report, with an analysis of the diets of nonfarm American 
families as shown by studies made during the last 20 years, was 
sent to the International Labour OflSce and to the health committee 
of the League of Nations in December 1935. 

The quantity of all food purchased (on a per-capita basis) in- 
creases, as one would expect^ with the expenditure for food. This 
was shown by classifying into groups the diets of all families 
studied, by $32 intervals adjusted to 1936 price levels. From a level 
of expense for food of $32 to $66 per capita per year to a level of 
expense for food of $258 to $290 per capita per year, the increase in 
weight of food per capita as shown by this classification was t^ost 
threefold. Naturally, however, the percentage increase from one 
level to another was much greater at the lower than at the upper 
levels of expenditure. 

For some food groups, such as the grain products, purchases in- 
crease relatively uttle as expenditures increase. Foods from the 
cereal grains usually are cheap in relation to their ability to assuage 
hunger. Hence, they appear, as might be expected, in generous 
amounts in low-cost diets, as well as in expensive diets. I^e con- 
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sumption of milk increases rapidly with increasing expenditures at 
the lower leyels, but less rapidly after the pint a day level of con 
sumption IS reached 

With increasinjg expenditure for food, changes m the quantities 
consumed otf fruits and vegetables (other than potatoes and dried 
legumes) are very striking The increase from the lowest to the 
highest level of expenditure is almost sixfold Citius fruits, to 
matoes, and leafy, neen, and yellow vegetables comprise about 40 
percent of the total in each level of expenditure for food These 
fruits and vegetables are mentioned especially because of their sig 
mficance as sources of vitamins and mmerals 

The inciease in the consumption of lean meats and fish is almost 
threefold between the lowest and highest levels of expenditure, while 
the consumption of fatty foods almost doubles Butter consumption 
increases almost five times, but the consumption of other fatty foods 
remains almost constant Buttei seems to be used in addition to and 
not as a substitute for lard, bacon, salt pork, and other fats and oils 

The fourth of the nonfarm population that spends the most for 
food consumes about one third of the milk, fruits, vegetables (other 
than potatoes and dried legumes) , meat, fish, and eggs, whereas the 
fourth that spends the least for food consumes about one sixth of 
those products Differences in consumption at diffeient economic 
levels in any one legion aie much more important than differences 
between geographicsil regions at anv one level 

Social Impiications of ihl Data 

The most frequent level of expenditure for food among the families 
from whom dietary records have been taken was found to be that 
ranging from $100 to $130 per capita per year (1935 pi ice levels) 
About half of the families were spending less than $130 per capita 
per year According to 1935 prices, a minimum cost adequate diet 
could be obtained with careful food selections for just about $130 
per capita per year The inference is that the diet of half the non 
larm population probably fails to provide a desirable margin of 
safety over minimum requirements At the lowest levels of expendi 
ture for food the calorie intake is far below the average for the 
population and far below the probable need , one need not, therefore, 
be surprised to find retarded growth m children and undemutntion 
in adults 

On the other hand, the figures shown for families spending the 
larger amounts for food probably represent quantities available to 
the household rather than quantities actually eaten They include 
considerable household waste Hence the quality of the diets of the 
higher-income groups depends on how much and what is wasted 
Cidone for calorie, the food supply purchased by families spending 
the larged amounts for food is only slightly higher in prote^, 
miner als and Vitamins than the diete of low mcome groups But 
if the milk and vegetables and fruits purchased are almost completely 
consumed, while waste occurs prmcipally in the fats, sugars, and grain 
products, the food actually eaten by the higher income ffxiups may 
be considerably richer m mmerals and vitamins than the diets of 
low-mcome groups 


1888 M* 
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The percental of the calories purchased in the form of grain 
products is muSi higher in low-income groups than in the higher 
income groups; it ranges from more than 40 percent in the lowest 
level of food eiroense studied to somewhat less ^an 30 percent of the 
calories at the highest level. An opposite trend may be observed 
for most other groups of foods. The percentage of calories derived 
from milk almost doubles as the expenditures for food incre^s, and 
the percentage derived from lean meats, fish, and eggs increases 
significantly. 

Futher study of these consumer purchases will furnish more au- 
thoritative figures on food-consumption habits and on food expendi- 
tures. It will show, for example, how food-consumption habite may 
vary among families spending the same amounts for food, but repre- 
senting different socioeconomic groups. It will also provide figures 
on the proportion of the native-wmte families of each type that 
represent different levels of food expenditures. 

There is widespread interest in these data, not only from the stand- 
point of science and social welfare but also from tlie standpoint of 
the economic implications. The governments of many nations, as 
well as international and national bodies of economists, educators, and 
others interested in social and economic planning, are giving much 
attention to these problems, 

COMMODITY EXCHANGE ADMINISTRATION 
To improve and protect the means furnished by properly con- 
ducted futures-contract markets for the hedging of price risks by 

K wers, dealers, and processors of essential agricultural product^ 
Grain Futures Act of 1922 was strengthened by amendment on 
June 16, 1936. It was extended to cover cotton, rice, millfeeds, 
butter, ^gs, and potatoes, and the short title changed to the Com- 
modity ExcMnge Act. 

The principal amendments include the following : 

That commission merchants and brokers executing orders for cus- 
tomers in a contract market shall register with the Department of 
Agriculture and shall keep adequate accounts and records, which 
shall be available for official inspection; that copies of all bylaws, 
rules, and regulations adopted by contract markets shall be filed 
with the Secretary of Agriculture and their books and records be 
made available for inspection; that operators of warehouses from 
which any commodity is made deliverable on futures contracts diall 
keep such records, make such reports, and permit such visitation as 
the Secretary of Agriculture shall require; that when so directed by 
the Secretary, each contract market snail provide for a period, after 
trading for future delivery in any delivery month has cea^. in 
which to make settlement by delivery, such period to be not less than 
3 or more than 10 business days : that each such marlret shall require 
the party making delivery to furnish the party receiving delivery 
written notice oi the date of delivery at least 1 day prior thereto; 
that deliverable commodity grades must conform to ijnited States 
standards, if such standards shall have been oflScially promulgated; 
that receipts of federally licensed warehouses, as such, i^all not be 
discriminated against in deliveries upon futures contracts. 
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Prov^ons of importance to cooperatives are that no contract mar 
ket shaU forbid the payment of patronage dividends by a coopera 
tive association to bona fide members, that a properly qualified 
cowerative association shall not be excluded from membership m 
and trading privileges on a contract market unless such exclusion is 
authorized after notice and hearing before the Commodity Exchange 
Commission, except for failure to meet its obhgations with the clear 
inghouse of the exchange, and that cooperative associations of the 
federated type are authorized to compensate on a commodi^ unit 
basis their regional member associations foi services rendered pro 
vided such compensation is distributed as a dividend on capital stock 
or as a patronage dividend out of net earnmgs or surplus of the 
federated association 

Special protection has been thrown around the margin moneys of 
the customers of futures commission firms TTie act requires all 
futures commission merchants to treat and deal with all margm 
moneys, mcluding secuiities and property, as belonging to customers 
Such funds must be separately accounted for and may not be com 
mingled with the funds of the comnussion merchant or used to mar 
gin the trades oi contracts or extend the credit of any person other 
than the one for whom the same are held 

The danger of excessive trading by individuals or allied groups 
IS also given special attention The Commodity Fxchange Com 
mission has wide discretion in fixing limits for speculative trading 
whenever it appears that such limits are necessary Ample latitude 
for hedgmg is carefully preserved 

Fraudulent trading is made moie hazardous Criminal penalties 
may be imposed for various offenses such as conducting a bucket 
«hop, speculative trading in excess of a limit fixed for such transac 
tions, the manipulation of prices, engaging as a futures comnus 
sion merchant or floor broker without prior registration, tradmg 
against customers’ orders, dealing m privileges, making wash sales 
and cross trades, and fictitious tradmg 

During the past year three cases pendmg under the Grain Futures 
Act of 19Sffl were dismissed followmg decision of the Circuit Court 
of Appeals of the Seventh Circuit that the law did not apply to 
past offenses This defect in the original law has been remedied m 
the amended act, which provides penalties for any person who has 
violated the act as well as for any person who is violatmg the act 

COOPERATIVE EXTENSION WORK 
Thb cooperative agiiciiltural extension ^stem operates m two prin 
cipal fidds of service (1) It mobilizes Federal, State, and county 
facilities for helping farm people to solve their ordinary problems 
of production and marketing, homemaking and country life improve 
ment (2) In great national emergencies it tackles the resulting 
special problems In the last few years it has taken an active part 
in the adnunistration of production adjustment programs, loans to 
farmers on stored crops, drought relief measure, programs for the 
prevention of soil erosion, programs for debt adiusto^t and farm 
credit improvement, and rural rehabilitation and relief 
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In advancing these programs and activities the extension agents 
directly represented the Federal and State agencies. They acted as 
advisers and assistants in the organization and^ educational work, 
and functioned also in an administrative capacity in cooperation with 
local committeemen and producers* groups or associations. The 
county extension offices were the centers where committeemen and 
extension agents gave practical help and necessary^ instructions. 

Local committeemen assisted capably in the administration of the 
national programs, particularly in dealing with regulations, rulings, 
agreements, papers, and essential forms. They relieved extension 
agents of much detail work and enabled them to handle more effi- 
ciently their larger responsibilities. In many counties local com- 
mitteemen handle most of the local routine involved in the national 
programs. 

Both paid agents and volunteer leaders furthered the educational 
features of the extension programs. Without the help of local 
volunteer leaders the rural boys’ and mrls’ 4-H club work would 
have suffered. Local leaders helped al^ to conduct adult demon- 
strations and rural educational meetings. As a result fanners are 
coming to understand better how ^neral economic conditions affect 
their individual problems. They discuss the effects of tariffs, quotas, 
price policies price levels, currency measures, monetary systems, 
credit, taxation, and land-use policies. They are learning more 
about the interdependence of town and country and about the limita- 
tions of individual self-sufficiency. They are grasping the logic of 
gnup action in meeting emergencies. That agriculture is constantly 
changing and needs to make constant readjustments is now a potent 
conception in the rehabilitation of rural life. 

The Extension Service aided farmers to take advantage of the 
agricultural conservation program inaugurated this year and to 
adopt other soil-improvement practices. It encouraged them to put 
land in better shape by seeding legumes for hay and for soil im- 
provement, by sowing or treating pastures, by terracing, by planting 
cover crops, by strip farming, oy listing, by building soil-saving 
dams. Such work is going forward on a scale never approached 
before. 

When drought became serious this year the Extension Service aided 
farmers in growing emergency crop and in making the best use of 
the feed available. Temporary silos were built by the thousands. 
Feed-supply surveys were made and feed supplies budgeted. Ex- 
change lists of frod were distributed. Feeds and emergent fodders 
were brought in from nondrought areas and distributed through 
central agencies. 

Extension agents and local leaders cooperated with the regional 
agency set-up for clearing feed supplies. They helped farmers in 
proliM their orders so that they might obtain reduced freight rates. 
They helped farmers to make applications for crop-production loans 
Md feed and s^ loans. In cooperation with the Agricultural Ad- 
justment Administration, the Extension Service conducted State- 
wide com-fodder and feed-conservation campaigns. Water sources 
were tapx>ed. 
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Combating Insect Plagues 
Eztonsioii Agents facilitated. Federal and local cooperation in com 
bating insect plagues Thus m Illinois county agents were notified 
on June 8 that creosote would be made available by the Federal Gov 
emment for building barriers against chinch bugs At 9 30 the fol 
lowing morning orders for this Federal creosote were placed with 
the Federal purchasing agent In all, 1 281,800 gallons were allotted 
to the 60 counties of the State where this pest threatened to do the 
most damage About 10,000 miles of chmch bug barrier were con 
structed in Illinois with the Federal creosote 
In areas affected by the drought, the consequences of which will be 
felt for years, the Extension Service is seeking with the aid of tech 
meal advisers to determine what the future farming program should 
be It wiU encourage farmers to reorganize their cropping systems 
and to initiate different soil practices wherevei the conditions of soil 
and climate warrant that course 

The farmers who have suffered are anxious foi sound programs 
for both long and short time needs They want the facts from which 
they may develop programs suited to their needs The Extension 
Service recogniAes the resulting responsibility With lecoiery, and 
with time released from emergency projects, extension workers will 
not simply go back merely to old lines of work New and larger 
problems demand attention, involving economic and social relation 
ships as well as production faotors This calls for coordinated 
research and plamiing 

Accordingly, extension agents and research agencies are pushing a 
county agricultural planning project After meetings with farm 
groups in every county it is hoped to develop recommendations for 
adjusting faim operations in terms of (1) national and interna 
tional economic influences, (2) rational land use, and (3) farm man 
agement Such lecommendations should seive to develop county 
programs of the greatest significance 
City dwellers commonW think of farm life as synonymous with 
good food and health let m some rural sections the problem of 
nutrition is acute In certain areas some groups of farm people 
actually suffer from a lack of essential foods, though most or these 
foods could be produced there The drought and the depression 
made this situauon worse Therefore the Extension Service gave 
more impetus to campaigns for growing and preserving food for 
home use, and the campaigns met with an extremely favorable re 
sponse County extension agents estimated in 1935 that the value of 
the food caimra or preserved on farms m that year was $18,87'5,090 
Home produced vegetables, milk, eggs, meat, and frmt now appear on 
the table of many a farm where formerly the idea prevailed that the 
purpose of a farm was merely to produce crops for sale The farmer 
who makes a living on the farm will have that living and some cash 
besides When drought and depression strike, the family’s livmg is 
surer and better , , ^ j 

The relief load was lightened, too, by the work doM to prwuce 
food for home consumption m industrial centers Thousands of 
gardens brightened nune settlements and mdustrial towns arm helped 
to provide needed wholesome food. In one Eastern State the home- 
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garden and food-preservation movement required the services of about 
126 garden supervisors and 176 canning supervisors. Four and a 
half million pounds of produce was grown in these gardens. More 
than a million cans of high-quality vegetables were prepared for dis- 
tribution by welfare boaras last winter. 

Methods of Reducing Living Costs 

Extension pro-ams developed to aid people in lowering costs of 
living were popular. In fact, extension work with farm families was 
marked by constant adaptation to the problem of lowered family in- 
comes, unemployment, relief, and social welfare. Encouragement and 
instruction were given in producing handicraft articles and other 
things for sale. Making, remodeling, and repairing garments were 
taught. 

Drought and depression and recovery have forced farm people 
genera^ to recognize the needs of a profoundly c^nging country 
nfe. They will continue to want help and direction in adjusting 
themselves to these changes. By study and planningj many things 
may be averted or their bad effecte modified. By planning and acting 
in cooperation with the community, the State, and the Nation, farmers 
may make recovery more lasting. It is the task of the Extension 
Service to furnish the information and the organizational help neces- 
sary to accomplish this result. 

COOPERATIVE RESEARCH PROJECTS 
FederaIi and State agencies cooperated in new and extended lines 
pf agricultural research during the year, and improved their organ- 
ization for greater service to agriculture and the general public. As 
usual the State agricultural experiment stations worked dosely with 
other State agencies, with local ormnized groups, with each other 
in regional groups, and with this Department individually and in 
regional and national groups in efforts to plan and coordinate re- 
search. Cooperative research thus fostered dealt not only with the 
adjustment and relief policies of the National and the State Gov- 
ernments, but with permanent policies of agricultural production, 
land use, and rural life. The Office of Experiment Stations exam- 
ined and recorded 818 new or revised formal cooperative agreements 
between bureaus of this Department and the experiment stations. 
The agreements covered 731 major research undertakings. All the 
State experiment stations and all but one of the Department’s re- 
search bureaus participated. There were also many informal coop- 
erative agreements, some of them of major importance. 

Certain regional and national cooperative research undertakings 
which had been started on an emer^ncy basis as parts of the na- 
tional recovery program in 1934 and 1936 were modified and ex- 
panded to meet more permanent requirements. These studies 
brought more closely tc^ether the parallel interests of plant- and 
soil-science research ana those of crop- and animal -production re- 
search with more thorough consideration of their economic and social 
influences. Studies of adjustments in farming by regions and type- 
of-farming areas from the standpoint of national agricultural ad- 
justment received considerable attention in this connection and were 
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typical of the renewed and expanded efforts in cooperative research 
In this case, a review of similar work done the previous year indi 
cated the need for more <^mplete studies 
A general plan for further action was agreed upon by State and 
Federal representatives at the meeting of the Association of I*nd 
Grant Colleges and Universities m the fall of 1936, and formed the 
basis of widely extended cooperative research in re^onal adjustment 
policies in 1986 Nearly all of the States cooperated in this impor 
tant study This Department contributed to the work primarily 
through the Bureau of Agricultural Economics, but also through the 
Agricultural Adjustment Administration, the ^il Conservation 
Service, and the Forest Service Among the State expeiiment sta 
tions it was common to find fiom 5 to 10 subject matter departments 
actively engaged in cooidinatmg their studies so as to fit both State 
needs and tlie national adjustment study progiam 
Another significant development in cooperative research during 
the year was the adoption of a policy for establishing and operatmg 
regional research laboratories under the Bankhead Jones Act of June 
29, 1936 Following negotutions with the land giant colleges and 
the State experiment stations this Depaitment issued a statement of 
policy on Dumber 19, 1935, which embodied suggestions from its 
bureaus and recommendations from the State stations ^proved by 
the executive body of the Association of Land Grant Colleges and 
Universities Among other things, the statement of policy provided, 
as a basis for the activities of the legional laboratories, that the 
Secretary of Agncultuie will leceive sugpstions from the expen 
ment station directors and from bureau chiefs in tlus Depaitment, 
that he will locate such laboratories solely avith icgard to the tech 
meal reqmrements and the facilities available , and tliat the Depart 
ment and the State experiment stations will enter into memoranda 
of understanding regarding the work to be done, the cost of domg it, 
the sources of the funds, and the coordination of the laboratory re 
search with regular activities of the States and the Department 
Fedeiwl and State specialists will cooperate in preparing detailed 
plans 

Three Regional Laboratories Approved 


In accordance with this policy three remonal labor atones were 
approved during the last fiscal year, one for research in vegetable 
br^ing, one for soybean research, with particular reference to the 
industnu uses of soybeans , and one for the study of grass breedmg 
and pasture improvement In the agreement covering the soybean 
laboratory, wluch is typical, 2 bureaus of this Department and 12 
State expenment stations participated It provides for mtegration 
of research at the laboratory with research at the experiment stations 
in the region and for the revision and reformulation annually of 
the research program 

Tlie study during the year of giain storage on the faun is typical of 
the cooperative research into broadly important regional or national 
problems, initiated under the provision in the Bankhead Jones Act 
Tor research by this Department othei than at regional laboratories 
In this undertaking, three of the Department’s bureaus and seven of 
the State expenment stations) togptner with several othei oiganiiied 
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Sate groups, cooperated in a manner which brought to bear on the 
problem the correlated knowledge and training of several different 
specialists. Besides avoiding duplication of effort, the arrangement 
avoided unnecessaiy duplication of research equipment. 

Before the fiscal year ended, officials of this Department and a 
majority of the directors of the State experiment stations adopted a 
memorandum of understanding covering research relationships be- 
tween the Soil Conservation Service and the stations. It recognized 
that effective cooperation in research by these agencies is primarily 
dependent on working to a common end, rather than on financing, 
and that each agency should contribute what it can in experience, 
knowledge, and personnel. It was agreed that such research as may 
be mutually agreed on with reference to soil erosion and its jire- 
vention requires mutual helpfulness, if it is to be fully effective. 
Accordinglyj the memorandum provided that details of cooperative 
research projects within a State shall be planned and executed Jointly 
W the State ex^riment station and the Soil Conservation Service. 
Tliis understantog has far-reaching significance because it recog- 
nizes not only the need of regional policies in erosion control but 
also the limitation of action by individual States and Federal bureaus. 

Federal and State agencies cooperated during the fiscal year in a 
national survey of plant and animal i^rovement. This provided 
the basis for material published in the Ttearbook of Agriculture for 
1936 regarding the character and availability of superior germ plasm 
in 19 plants and animals, and preliminary material for subsequent 
work on other animals and plants. This cooperative study brought 
together in a usable form the available information on animal and 
plant genetics and exercised a favorable influence on the further 
planning of similar studies. 

As part of an enlarged Federal-State program in the study of land 
utilization, land-use adjustment, and soil conservation the inventory 
of soil resources was expanded to include 30 States. In six other 
States the work was completed. The widespread cooperative efforts in 
crop improvement were continued and expanded. Typical of these 
were the forage-crop investigations which were extended to include 
11 States; the work in 5 States was completed. Other similar, widely 
cooperative researches were the breeding and improvement of grasses, 
corn, and potatoes. 

Important New Cooperative Studies 

Cooperative studies on other agricultural problems included several 
important new undertakings, among them a study of milk marWing in 
New England, the development of a program ot agricultural econom- 
ics in New England, studies of tobacco and cotton diseases, an evalua- 
tion of meat investigations, and a master study on human nutrition. 

At a conference in November 1935, sponsored by the directors of the 
interested experiment stations, plant pathologists engai^ in tobacco 
disease investigations in the southern tebacco-growing ^ates formed a 
perm^ent ormnization known as the Tobacco Disease Council. This 
council laid plans for a coordinate attack on particular problems by 
special groups composed of experiment station and Department spe- 
cialists and including representation from a privately endowed uni- 
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versity A second conference, in June 1916, leviened progress, took 
steps towaid further voluntary coord uidtioii and coopeiation along 
specihc lines, extended the movement to moie iioithcni tobacco aieas, 
and united it with the efforts of specialists on insect iiests 
A similar conference, mitiated by experiment station specialists 
with the cooperation of specialists of this Depaitmont on di^ases of 
cotton, resulted likewise m the organization in February 1936 of a 
cotton disease council, with parallel objectives As a result several 
seiious disease problems of the Cotton Belt were tiken up coopera 
tively by ei^riment station and Department specialists 
Food ana nutrition specialists of several of the middle western 
experiment stations formulated a remonal cooperative program of 
research on the nutritional status of cmlege women There is accumu 
lating evidence of a relitively widesprcil chronic undernutrition 
among young women of college age An executive committee has 
lieen appointed by expeiiment station diicctois to guide the work 
The cooperation of the medical staffs of departments of hygiene and 
physiology has been enlisted 

FOOD AND DRUGS LAW b NI OllCPD 
AnxmciAixT flaiored and colored bevei iges which simulate genuine 
fruit products are frequently found to be in violation of the Federal 
1 ood and Drugs Act Artificially colored acidulated and otherwise 
cimouflaged products masquerading as bona fide fruit beveiages can 
not fail to reduce the utilization and consumption of fruit Operation 
of the Food and Drugs Act caused one manufacturer of an oiange 
oil flavored beverage to change his formula to conform to the la&,l, 
which indicated the presence of fruit juice He began m consequence, 
to purchase annually about 1,000,000 gallons of orange juice This 
required some 10,000 tons of oranges Previously the only orange 
product used m his beverage was oranra oil 
In the spring of 1936 it Wiame eviifent that maple sugar and sirup 
were occasionally contaminated heavily with lead The contamina 
tion was traced to the use of sap buckets coated with lead alloy, and 
steps were taken to obviate this threat to health But large stocks 
of the contaminated product were on hand Investigations in this 
Department have suggested a simple procedure for the elimination of 
the poisonous contammant If this is successful, these stocks can 
bo smvaged, and it will be imnecessaiy to divert thousands of gallons 
of the sirup and thousands of pounds of the sugar from food use, 
with consequent heavy loss to the producers 
One of tne problems always before food and drugs law enforce 
nient officials is that of the decomposition of foods Procedures for 
the better preservation of perishahle commodities and methods for 
the detection of unsound products, either in their raw state or as 
ingredients of food compounds, are very necessary Research in the 
Food and Drug Administration constantly improves the technique 
The apphcation of various methods of analysis specially developed by 
the chemist, the bacteriologist, and the microscopist, to detect un 
wholesomeness in foods, not only results m the necessary condemns 
tion and destruction of spoiled products, but frequently suggests bet 
ter methods of handlin g and storage 
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The study of vitamins has practical applications in food and drug 
enforcement More than 4,600,000 gallons of cod liver oil were used 
m this country last year, of which approximately 95 percent was 
imported There are no statistics of the respective proportions used 
foi huiftan corsumption and animal feeding, but it his been esti 
mated that more than half of this oil is used for animal feeding, 
mostly for poultry Cod liver ml added to poultry feeds yields 
profits under efficient poultry management Ymen mere is a lack 
of sunshine it supplies the necessary vitamin D to obtain maximum 
growth and egg production 

Surveys of the vitamin D content of the cod liver oils used in poul 
try feeds revealed that a surprisingly large proportion fall below the 
required standard for vitamin D Some of the oils are practically 
worthless Examinations of a number of importations indicated that 
a simificant portion of the imported oils are deficient in vitamin D 
Cod liver oils are now being examined for their vitamin content 
before their entry is iieimittcd I he detention of shipments iKiidmg 
vitmiin issiys meins inconvuiiente ind e\i)ense to impoiteis but it 
IS the only w ly to assure the useis th it tin. piodiict is of s itist ictory 

quality Livestock and Pouitry Remedies 

Of particular interest to farmers is enforcement of the Food and 
Drugs Act with respect to livestock and poultry remedies Annually 
many of these are found to be worthless Durmg the past year the 
Federal courts in three contested cases upheld the Government’s ac 
tion against a contagious abortion remedy composed of cornstarch 
with a trace of potassium permanganate, which was sold for from 
$6 to $12 a pound , a protection powdci labeled as a preventive for 
almost all the diseases of livesto^ and poultry, which consisted es 
sentially of Glauber’s salt and baking soda, sold at $7 60 per hundred 
pounds, a poultiy remedy composed of water, alcohol, carbolic acid, 
and potassium chlorate, at 76 cents per quart, labeled an effective 
treatment for all poultry diseases 

Enforcement of the Food and Drum Act on these veterinary 
preparations prevents serious losses to farmers The price paid for 
the fake remedies is not the only thing involved More serious is the 
fact that reliance on meffective drugs delays the application of the 
proper treatment and sacrifices animals that might be saved 

ROAD CONSTRUCTION 

Road construction administiied by the Department during the year 
included work on the mam through highways, the constniction of sec 
ondary roads reacliing into faiming aie is, extensions of the mam sys 
tem into and thiough municip ilities tlie impiovement of roads in I ed 
eral areas, and the elimination of railroad highway grade ciossings 

A total of 27,873 miles of highways, roads, and trails, and 810 grade- 
crossing structures were brought to completion during the year Of 
this mileage, 22,133 was improved with Federal funds admmistered 
solely by the Department The remainder consisted of 204 miles 
of national park roads built for the National Park Service by the 
Bureau of Public Roads , 2,819 miles of loan and ^nt projects of the 
Public Works Administration, also supervised by the Bureau of Public 
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Roads; and 2,718 miles m work relief proiects, the labor on which was 
supplied by the Federal Emer^ncy Relief Administration Other 
costs connected with these projects were paid with Public Works 
funds, and supervision was furnished by the Bureau of Public Roads 
and several State highway departments 

The major activity of the I^partment in road construction con 
sisted of the administration of funds provided as diiect grants to the 
States for relief of unemployment through highway and grade 
crossing work and as Federal aid to the States for highway purposes 
Ihe work was carried on cooperatively with the vaiious State mgh 
way departments in accordance with the general plan of administra 
tion of Federal aid for highways^ but modified to meet the need of 
giving employment to those on relief lolls 

Woik of this kind resulted in the completion duiing the yeai of 
13,789 miles of roads and stieets — ^7,355 miles on the Federal aid high 
way system outside of cities, 755 miles on city extensions of the 

1 cdeial aid system, and 5,679 miles of secondary oi feedei loads On 
these classes of highways combined there weie completed 110 laihoad 
highway grade sepaiation structures Also completed weio impiove 
mints on 22 mills of flood damaged highways, on 236 miles of forest 
highways, and on 436 miles of highways thiough othci public lands 
built by the Butcaii of Public Roads, and 5,684 miles of forest roads 
and l,w5 miles of trails built by the Forest Service 

Ihe current program at the end of the yeai involved a total of 
25 812 miles in all classes of proiects It conunised 10,006 miles on 
the Federal aid system outside of cities, 991 miles on city extensions 
of the ^stem, 7,wl miles of secondaiy’oi feeder roads, 716 miles of 
forest mghways, 201 miles of public lands highways, 537 miles of 
national park highways, 2 478 miles of loin and grant projects, and 

2 902 miles of work relief loads, the lost three supervise by the 
Bure 111 of Public Roads as agent for other Federal departments The 
euiieiit progiam also included 1,664 stiuctures sepaiating the grades 
lietween railroads and highways 

Railroad CtRAde Crossings 

Authorization of $200,000,000 to eliminate danger at railroad 
lughway crossing undei the Emergency Relief Appropriation Act of 
April 8, 1936, enSbled the Department, for the first time, to participate 
in such work on a large scale with funds not subject to other demands 
for highway improvement It has included in the program many 
urgenfly needed improvements not undertaken before hecause of 
hesitancy to spend large amounts of highway funds on a few struc- 
tuies Approximately 2 000 crossings are to be eliminated with the 
new funds Nearly 7,000 grade crossings have been eliminated with 
Federal assistance since 1916, but comparison with this figure does not 
give a fair picture of the value of the new work, because many of the 
new projects are of exceptional importance 

The work of the last year resulted m the ehmmation of 300 grade 
crossings either by structures or by relocation of the highway, the 
leconstruction of 10 existing structures, and the installation of pro 
tective devices at 185 additional crossings Work under contract and 
approved at the end of the year will increase the number of grade 
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eliminations by 1.466 and the number of protected crossings by 818. 

The total employment for the year on work supervised by the 
Bureau of Public i^ads was 1,673,935 man-months, or the equivalent 
of an average full-time employment each month of 139,500 men. The 
number of mdividuals actually employed, some of them on a part- 
time basis, averaged approximately 195,000 persons per month. In- 
direct employment in the production and transportation of equipment 
and materials is estimated at one and six-tenths times the dire^ 
employment for work of the character done during the year. Tl^ 
resulted in an indirect employment of 2,678,000 man-months, and thi^ 
added to the direct employment, gives a full-time employment of 
4,352,000 man-months, the equivafent of the full-time continuous 
employment of 362,000 men. 

Secondary or Feeder Roads 

Secondary or feeder roads have been receiving increasing attention 
from the Department. Actual participation in the construction of 
such roads began in 1933 ; 16,037 miles of secondary roads have been 
completed. Improvement of these roads is now a fixed policy of the 
D^artment. Tlie general demand for better farm-service roads is 
reflected in the trend toward placing local roads under the control of 
State highway departments. 

State and Federal highway officials must now plan for the im- 
provement of secondary roads while they continue to make needed 
improvements on the main highways and to carry on work in still 
another new direction — the improvement of main routes through 
and around cities. Highway administrators face a difficult situa- 
tion if they attempt to plan for these different classes of work on 
the basis of the incomplete knowledge now available. Serious mis- 
takes and set-backs to highway development can be avoided only by 
knowing the amount of each class of improvement that is economi- 
cally and socially justified and what will be the annual cost of 
needed improvements. Plans must be based on a thorough study 
of highway revenues, the sources from which they come, and the 
fairness with which taxes for highways are imposed. 

Recognizing the need for highway planning on a businesslike basis, 
the Department has invited all of tne State highway departments 
to participate in State-wide I^liway-planning surveys to be financed 
with ly^ percent of certain Fraeral highway funds and under spe- 
cific legislative authority for the making of surveys and investiga- 
tions for future work. 

At the close of the fiscal year 40 States had indicated their desire to 
carry on planning surveys, and work was under way in 31 States. In 
these surveys data are being collected as to the highway mileage and 
its present condition of improvement, the extent to whicn each road is 
used, the extent to which various classes of residents use the different 
classes of roads, and the amount of taxes they pay for road purposes. 

It is believed that the surveys will result in the assembly of facts 
necessary to the formulating of a definite, economically, and socially 
defensible, integrated highway-improvement program. 

Henry A. Wallace, 
Secretary of Agrievltuve. 
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IN SENDING out to the public this second and last of the two 
yearbooks on genetics and breeding, I would not want anyone to 
think that they comply the account of the efforts of plant and 
animal breeders in the United Suues. On the contrary, I would 
tdsh these yearbooks to be looked on as pointing the way toward a 
field of activity that will accomplish much mote in the future than 
has been accomplished in the past. Life is always changing be~ 
cause environment is always changing. There are always new 
types of diseases, new insect pests, changes in soil fertility, changes 
in consumer demands. The work of the plant and animal breeders 
is directed to meting these changes. It has only just begun. We 
have reached our present stage of development largely by rule-of- 
thumb methods; hut discoveries not dreamed of a few years ago are 
being made, and they counsel greater bcddness in experiment and 
promise doser control because they give us an increased under- 
standing of the processes theu go on in the minute cells where life 
has its beginning. 

If gen&ics enables us to outdo nature’s own efforts, it is because 
it is in the truest sense a science of cooperation tvith ncUure. We 
want to do different things than nature does — for example, in the 
creation of hogs with plump hams or wheatXgrass hybrids with 
plump seeds — hut we have to learn ncoure’s methods of doing diem. 
I think that more knovdedge of how to cooperate with nature for 
our own good is the greatest need of the ivorld today. Man’s 
control of his own future may depend in the long run on whoher 
his bidogical knotdedge, tvhich is constructive, can catch up with 
his knovdedge of the physical sciences, whidi has taugfu him so 
much about how to destroy. 


Henry A. Wallace. 
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XhIS book rounds out the work of the committee on genetics ap- 
pointed by the Secretary of Agriculture in 1933. The task set for the 
members of the committee was to make a national and to some extent 
an international survey of practical breeding and genetic research 
with those plants and animals that are important in American farming. 
The first fruits of tlie work appeared in the 1936 Yearbook of Agn- 
culture as a seriM of papers dealing chiefly ivith the major crop plants 
and claves of livestock The present volume covers an enormous 
and varied field, dealing with garden vegetables, northern tree and 
bush fruits, subtropical fruits, flowers^ nut trees, forest trees, forage 

g rasses and legumes. Angora and milk goats, turkeys, ducks, fur- 
earing animals, honeybees, and finally that good friend of the farmer, 
his dog. 

Many of the articles are imique in that nothing of a similar kind 
has been done in their field, and the two yearbooks together probably 
contain the most complete and up-to-date account of breeding work 
and genetic research in relation to farm plants and anunals that con 
be foimd gathered in one place. Even in those coses where there is 
little work of a really scientific nature to report — and this is true in 
some instances, for scientific breedmg is by no means universally 

a lied as yet — the writer of the article has . . 2 ^ llities and 

eavorca to foresee fruitful Imes of effort. Indeed, the possibilities 
of the future are necessarily a tlieme tliat runs through both books, 
because this science of genetics is relatively young, and much as it 
has accomplished in creating new forms of life better suited to the needs 
of man tiian the old, its greatest achievements undoubtedly lie ahead. 

The genetics yearbooks, it may be said frankly, have something 
of the hybrid nature of much of the material with which they deal. 
They are intended for two groups: (1) Readers who want to know 
what is going on in the field of plant and animal breedmg in order to 
enlarge their understanding and to enable them to carry on their 
farming operations more intelligently, and (2) students and others 
who have, or expect to have, a closer concern with the science of 
genetics. The latter group comprises scores of thousands of indi- 
viduals, including young people now in schools and colleges who wiU 
be the Americaniarmers and the agricultural scientists of tomorrow — 
some of them future leaders in shaping f^riculturol progress; a large 
number of workers in various parts ol the countiy who are engaged 
in the practical effort to create better plante and ammals ; and teachers, 
extension workers, and others whose business it is to know as much 
as possible about all the major factors in modem agnculture. 

119 
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To combine the interests of these diverse groups m a single volume 
18 a difficult task, but ]udgmg from the generous reception given the 
last Yearbook, the results have at least been characterized by a 
certam hybrid vigor 

Another purpose also underlies this survey of breeding and genetics 
It 18 an attempt to make a frank appraisal of the present situation 
on a major se^ent of the agricultural front — not only to sum up 
achievements, but to expose weaknesses and shortcomings The 
reader of the 1936 and 1937 Yearbooks will admit that the short- 
commgs have not been neglected In almost every case, it is shown 
that we are far short of attaimng the objectives that scientists believe 
we may attam with means as potent as genetics As a matter of fact, 
though systematic breedmg with such major ciops as wheat has been 
gomg on for some time and has shown splendid results, it has only 
been begun in the last few years with many of the ciops tieated m 
the present book, and it has not had tune to show what it can do 
In other cases, the work is necessanly so slow that the lesults of the 
very earliest systematic eflfoits are only now beginning to be used 
In the case of a new apple variety, for example, it takes nearly 40 
years from the time the cross is made to the time when the variety 
is actually m commercial production Tiee breeders Uve m the 
present but thmk in the future 

On the positive side, however there have been such outstanding 
achievements as the development of the wilt iceistant Mai globe 
tomato, which is now widely giown and saved the Floiida producers 
from rum strams of cantaloups resistant to powdery mildew and 
of lettuce lesistant to brown blight and powdery mildew — both of 
vital unportance to California growers, snap beans resistant to some 
of the chief diseases that plague producers cabbages resistant to 
yellows sweet coin of such uniform and supenor quality that it has 
remade canmng practices, supenor vaneties of raspbernes blue 
bernes far better than those produced by natuie a largo number of 
improved navel oranges fiom bud selections and many mterestmg 
new fruits created by hybndizmg diffeient kmdb of citrus Some 
of the now vaneties and stiams oi plants developed by thus constant 
activity are not yet quite ready for mtroduction 

Thus it IS both heartening to discover how much has been accom- 
phshed and humblmg to realize how httle we know There is probably 
not one wnter of these articles who does not feel that the effort to 
sum up the past achievements and present status of the woik in lus 
held has been worth while It has forced him to find out where we 
stand, to make a cntical exammation of what has been done, and to 
brmg together many scattered fragments, so that their significance 
can be seen m the whole picture, mcludmg their relationship to the 
work of others m different fields It would be well if a similar audit 
or stock takmg could be made m other major branches of agricultural 
science, and, m fact, such a plan is now projected m the Department 

Mucn of the material was collected, as m 1936, through cooperative 
survey forms, or questionnaires, designed to survey the breemng and 
research work m all State agiicultural experiment stations and m 
similar pubhc msUtutions abroad Pnvate or endow^ institutions 
and even mdividuals, were mcluded sometimes when it seemed that 
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they might have valuable data The information repoited from 
institutions in the United States and Canada was m general consider- 
ably more detailed and complete than that from overseas, but m the 
latter case there was not always sufficient time to piepare complete 
data A great deal of work was required in filling out some of these 
survey forms, and the Department heartily thanks all who cooperated 
The preparation of the papers was assigned to Depaitment scientists 
actively specializmg m work with each kmd or gioup of plants oi 
animals The authors have diawn on their own expeiience and 
knowledge, and on the whole field of technical hteratuie, as well as 
summanzmg the information obtamed fiom the coopoiative survey 
of plant and animal improvement The only uniform rule adopted 
for the papeis was that the material of most mteicst to the intelligent 
farmer or the general readei was to come fiist and to be put m language 
as nontechmeal as possible The more stiictly technical mateiial 
was placed last Thus, after the pimciple successfully followed by 
Jack bpratt and his wife, the general reader may skip the biief techni- 
cal section at the end of most of the articles if he wishes, and the 
technical readei may skip the fiist pait of the article if he is so mchned 
Basic data and tables, mcludmg hats of plants with supeiioi germ 
plasm for vaiious chaiactenstics available for futuie breeding woik, 
appeal m appendices to the ai tides 
Though the genetic backgiound and breeding tedmiques are 
essentially the same with a good many different plants, it will be 
found that some discussion of these aspects of the woik has been 
repeated to i certain extent Since each such discussion is related 
to a particular organism, however, it seemed best to let the repetition 
stand, partly for the benefit of readei s who may be mtercstod only m 
certain articles Moreover, the subjects dealt with in the present 
book wiU appeal to a large number of gardeners, orchardists, bee- 
keepers, and other enthusiasts or specialists who may have only vague 
notions about genetics, even when they carry on practical breeding 
with the plants or animals m which they are most keenly mterested 
In such mstances a ccrtim amount of repetition should be useful m 
making the basic facts understandable 

Four ai tides m tlie last part of the book — whicli some readers may 
prefer to read first— deal m greatci detail with some of these funda- 
mentals The science of genetics is not a particularly easy subject, 
though its broad pimciplcs are not difficult to grasp, and anyone 
who wushes to go very far in plant or animal breedmg must be pre- 
pared to undergo some mental disciplme m the study of theory and 
techmque if he expects to get all tne facts straight But for that 
matter, Bie details of the radio are not easy to grasp, either, yet there 
are thousands of capable radio amateurs who know a good deal about 
them And m breeding work there is the advantage that the tech- 
mques mvolved, and the facts of genetics as far as they go, are at 
least relatively defimte, which is more than can be said, for example, 
of the technique of wntmg good prose or poetry 

These concluding article have been written with the lay reader 
in mmd, but it wm be found that they cannot bo skimmed over like 
a detective story On the contrary, they need to be read wnth the 
close attention that the detective m real fife would give to some rather 
188004«— 87 9 
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difficult technical evidence. For one of these articles we are indebted 
to A. F. Blakeslee, of the Cam^e Institution of Washington, who has 
been doing extraordinary thin^ witli the chromosomes of Datura, the 

f enus to wWch our common jimsonwced belongs. Research in the 
eld of unusual chromosome numbers is now attracting a good deal 
of attention among practical breeders because it suggests unique 
methods of creating new varieties and even new species of plants — 
that is, methods that are unique insofar as man is concerned, tho^h 
it would seem that nature has us^ tliem from the beginning. lor 
the chronology of genetics we are indebted to Robert Cook, editor of 
the Journal of Heredity, and to many of the leading geneticists ^d 
breeders in the United States, who critically examined his manuscript, 
E. N. Bressman has undertaken the difficult task of explaining some 
of the theory on which modem breeling practices rest; and J. R. 
Magnoss has dealt with the differences between vegetative repro- 
duction and reproduction by seeds, which must be clearly understood 
in breeding work. 

For a glossary of genetic terms the reader is referred to the 1936 
Yearbook of Agnculture. 

SUMMARY OF YKARBOOK ARTICLES 
In the following pages all of the articles in the 1937 Yearbook are 
briefly summarized so that the general reader may quickly grasp 
the scope of the w'ork as a whole. 

Vegetabi-e Crops -1nthoi)U(.tion 
In comparison with such major farm crops as the cereal, fiber, 
sugar, and forage plants, the vegetable crops are far more numerous, 
less understood geneticoJly, and usually more limited to regional or 
national use. For example, superb English varieties of peas or 
cucumbers, or Italian varieties of tomatoes, either do not do well in 
this country or do not suit our habits and prejudices. In some coun- 
tries Amercian sweet com is not considered nt for human food; and 
on the other hand, many vegetables commonly eaten m Asia are 
unknown in the United States. V^etable breeding, in other words, 
is a highly localized affair. We draw on the whole world for variant 

S lant torms, obtained by the Division of Plant Exploration and Intro- 
uction in the Bureau of Plant Industry, but today these are used 
almost entirely as sources of genes for specific characteristics needed 
to strengthen and improve our owm favorite types. 

Systematic vegetable breeding by public agencies in this coimtry is 
for the most part not more than 10 or 15 years old — in some cases,veiy 
much newer. Prior to that time, for decades and generations indi- 
viduals and commercial firms had ^en busy producing better v^e- 
tables, largely by mass selection, ivith a little hybridizing here and 
there. Naturally, we owe most of our present varieties to the work 
of these men. The niunber of improved new forms introduced by 
public agencies is as yet very small, though in acreage ^ey make a 
more respectable total. ^ They will steadily increase. The kioda of 
problems that are pressing today, notably the urgent one of disease 
resistance, and the increasing complexity of the research needed for 
quicker and more certain results make the old haphazard methods 
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obsolete, excellent as they were m their time, and necessitate a well- 
organized scienMo attack by public institutions The commercial 
agencies m turn benefit by the work of these institutions Seed cer- 
tification in itself, though not directly connected with breeding, has 
been a State fimction of great value m holdmg the advances made by 
breeders 

Two new Federal institutions are of imusual mterest and potential 
value One is the Umted States Reponal Vegetable Bieeding Lab- 
oratory mat established at Chaileston, S C , under the authority of 
the Bankhead-Jones Act of 1935 This is the only station m the 
Umted States devoted exclusively to vegetable bieeding, and it will 
be concerned with basic problems affecting the Southeast The other 
IS the Great Plains Horticultural hield Station at Cheyenne, Wyo , 
where everything possible will bo done to extend the meager list of 
vegetables now available for glowing undei the tiying comhtions 
found in this region 

There is a single appendix for most of the ai tides on vegetabk 
bleeding in the Yearbook, and this appendix mcludes work being done 
with some ciom — sweetpotatoes and peanuts, for example — on which 
theic was too little matenal to warrant separate articles 

Tomatoes, Peppers, Lgcplant 

As m the case of some of oiii liteiatuie and othci native American 
pioducts, Luiope appieciated the tomato first, while Amencans did 
not geneially know that it was good to eat until about 1850, and the 
hist improved x aiietics came fiom England and Fiance After 1870, 
commercial breeders m this countiy weie active m selecting chance 
valiants chaiactenzed by laige handsome fruits, high yield, and 
plants adapted to local conditions Among the leaders m this woik 
was A W Lixmgston, of Columbus, Ohio lie and his associates 
were geniuses at selectmg and peipetuatmg supenoi tomatoes By 
1910 thcio was a rich lango of vaneties, and the old methocls aio still 
used with some good lesults 

Chance vaiiation is not ceitam enough, howevoi, to meet the pics- 
suio of modem needs for lesistance to disease, heat, and cold, an<l 
ailaptabihty to long-distance shipment, new aieas of cultivation, new 
piocesses and uses Since 1910, there has been a more systematic 
attack on these pioblems by State and Fedcial woikers, and a gieatti 
use of genetic analysis and contiolled hybridization to meet them 
Major attention has been given to resistance to fusaiium wilt but 
nailhead rust, leaf spot, leaf-mold, mosaic, and cuily top have all had 
some attention Practically speaking, no research agency today 
would mtroduce a new tomato unless it was resistant to at least one 
very troublesome disease 

Many State stations have done and are doing notable woik in this 
field, and the list of new vaneties is giowing to respectable length 
Federal workers have also been very active The most importMt 
variety of tomato m the world today, Mai^lobe, was developed by 
Pntchard and Porte m the Department Marglobe is highly r^istant 
to wilt under most conditions and to nailhead under all conditions, 
and it came m time to save the Flonda tomato-shippmg mdustiy fi"®^ 
rum But Marglobe has faults too, and it will be superseded by 
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better tomatoes that will develop from the active research and experi- 
ment now going on. 

Hot and sweet peppers, or chilis, also are native to tropical America. 
There has been comparatively little breedmg work with these plants, 
and all the types grown today were known 200 or 300 years ago. A 
few enthusiasts among private breeders, however, have made improve- 
ments, particularly in uniformitj^ conformity to type, thickn^ of 
flesh, and earliness of maturity The New Mexico and the Louisiana 
stations have introduced improved strains of hot peppers, and the 
Massachusetts and Connecticut stations have introduced early sweet 
peppers adapted to New England 

Even less systematic breeding work has been done with e^plant 
because of tho relative unimportance of this crop in the United States 
Native to the Tropics of the Old World, it has long been esteemed in 
some of tho oriental countries All the important varieties grown 
here were developed by private Mrdeners and seedsmen. The New 
Hampshire, Rhode Island, and Wisconsin stations are domg some 
breeding work for increased earlincss, and the Central Experimental 
Farms of Canada have mtrodiicod an early productive strain of 
Black Beauty 

A rather ]mpro.ssive amount of research has been done on the 
genetics of tho tomato, but there is a great need for the development 
of more accurate tests to measure decrees of resistance to disease as a 
foundation for working out the inheritance of resistance. More basic 
information of this kind is needed if practical breeding is to achieve 
results with greater certainty Of groat theoretical interest is the 
newer work on forma with abnormal chromosome numbers — both 
tnploids and tetraploids have been produced artificially. ‘ There has 
been much less genetic and cytological research with the pepper and 
the eggplant. In the case of tho egmlant, Japanese workers have 
made some interesting studies of hybrid vigor and parthenocarpic 
fruiting (without fertilization of the ovules). 

Cucurbits 

Cucumbers and muskmelons are believed to have come originally 
from India and watermelons from tropical Africa. Pumpkins and 
squashes are of American origin Columbus thoughtfully brought 
muskmelon seeds to North America, and in a few years native tribes 
from the West Indies as far north as Canada were growing melons. 
The early commercial and private breeders did their ]ob so well with 
all these crops that some varieties originated over a hundred years 
ago are still popular among growers Indeed, improvement by 
breeding today centers laroely on fighting disease and spreading the 
climatic range of some of the cucurbits. 

Cucumber growers suffer heavy losses from mosaic, downy mildew, 
and bacterial wilt. In the search for resistant varieties, plant breeders 
of the Department of Agriculture have found promising material 
among stocks from the Onent — China, Japan, India. Inbred lines of 
these show considerable resistance to mosaic and some resistance to 
mildew and wilt. Work is now in progress to introduce resistance 
into otherwise good American varieties by hybridization. At the 
Maine station, cucumber scab has received attention, and inbred 
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lines pure for resistance as determined by artificial inoculation have 
app^arently been found 

The story of the development of our numeioiis melon varieties from 
material drawn from many parts of the world is a complicated and 
mtorcsting one The moat stiiking work in disease resistance has 
been in connection with powdeiy nuldew which suddenly became a 
menace in the Imperial Valley the chief niuskmilon section of the 
I rated States, in 1925 Bv 1928 J T Rosa of the California station 
and I C dagger of the Department of Agriculture had discovered 
resistant plants in matenal from India Commercially useless they 
were crossed with good American varieties then bad crossed to the 
American parent variety to improve quality and a resistant hybrid 
of which Hale Best is one parent was ready foi use by 1992 1 urthcr 

backcrossing to Hale Best and 2 years more of selection brought the 
Btdl better Powdery Mddew Resistant Cantaloup No 45 in 193 G 
I he mildew throat in this aiea has been beaten Resistant strains of 
Honey Dew and Honey Ball are now being dt vcloped 

Tilt California station has recently developed supenor watei melons 
fiom the old Klondike and Stone Mountain and fiom Russian stock 
the Minnesota station has bied a watermelon that cm be grown 
father north than others I he most serious watei melon disease is 
fusanum wilt Witlun the last few years the Iowa station has bieil 
a number of resistant strains and in 1936 both the Jlonda and the 
Cahforma stations released new wilt lesistant watermelons It is 
mteiestmg to note that the hist recorded attempt to sjmthesize a 
comnuicial plant lesistant to a particular disease was a hybiid 
between watermelon and stoek titron (wilt resistant but inedible) 
made by Orton of the Department of Agnculture and piodiiced m 
1911 

Squash bn edmg has had rather different objectives — the production 
of vancties supeiior in umfoimity earlmtss quality and appearance 
1 Ins has been done chiefly by isolating supenor lines among viiieties 
nch m vanable charactenstics — a task that is facilitated by the fict 
that inbrtidmg generally has no harmful effect on cicurbits (and 
conversely creisaing apparently deics not result m hybnd vigor) The 
Vermont station has been a leader m this worl Ihe North Dakota 
station has produced a squash of high quality in an attempt to cicate 
a substitute for sweetpotitoes m the northern Great Plains area The 
California station and tho Connectieut station at New Haven have 
recently mtroduced new squashes 

Some inhentance studies have been made with all the cucurbits 
anelmteres mg work has been done on leproductive responses breeding 
bchavioi and pollination techmque in all of which there are peculian 
tics not common to other plants 

Onions 

The Israelites wandermg m tho wddemess complained bitterly to 
Moses because tliey had no onions Tho umque pungent flavor of 
omons makes them m no less universal demand today Amencans 
consume well over a bilhon pounds a year worth $17 000 000 to 
growers — not countmg the onion relatives, gorhe, leeks shallots, and 
chives 
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Varieties have a rather strict regional adaptability partly becauM 
they refuse to produce 100 percent normal buibs except with a certain 
definite length of <laylig]it. One group will do tliis with a short day 
of 12 hours. Another requires a 13-hour day, and another 13^ hours. 
Yellow Globe Danvers (lemands 14% hours of dayhght, and Sweet 
Spanish stnun no. 2 still more Extra-early varieties, like Bermudas, 
will not do well when seeded in the North because the day has already 
passed tlie minimum bulbing length bjy the time seed is sowm. _ Late 
varieties will not do well in the South because when the day is the 
right length for bulbing, heat, smuicald, pink root, and thrips retard 
growth. These conditions can be changed when breeders develop 
varieties resistant to diseases and insects and adaptable to a wddor 
ra^o of clunatic conditions. 

Tlie principal troubles of onious are pinkroot, smut, mildew, smudge, 
neckrot, yellow dwarf, thrips, ami bolting (premature seeding), 
f^ntil recently, there was little or no attempt to overcome these 
troubles by breeding. Totlay the prospects look very promising. 
One of the moat valuable aids in breeding for resistance to various 
troubles may prove to he the Japanese onion, especially the Nebuka 
type. Nebuka onions belong to a different species than our onions, 
and they are of veiy little uso commercially in the United States 
because they prwluce no bulbs. ^ But they are resistant to various 
diseases, insects, and ailverse climatic conditions, and by suitable 
crosses, these qualities can be transferred to American types. 

Active work is in progress now in the breeding of hybrids with 
Japanese onions that are resistant to thrips, pink root, and smut. 
Work is also in progress in isolating strains of onions resistant to 
mildew. Kesistaneo to smudge, it has been determmed, is due to a 
certain acid associated with the pigment in yellow ana red bulbs; 
whether tlie genes responsible for tliis acid can bo incorporated into 
white onions remains to be seen. A substance in the outer scales of 
colored bulbs also seems to bo poisonous to the fungi that cause neckrot. 
The Sw'eet Spanish variety of onion has been found to be very resistant 
to the virus disease, yellow dwarf Resistance to thrips shown by 
certain varieties and species seems to be due to growth habits and 
leaf shapes that fail to olTer protection to the insects; perhaps there are 
also other characters involved that help the plants to withstand injury. 
Certain varieties have been found to be hi^y nonbolting, and these 
are being cre^ed to produce nonbolting hybridsi Indications are that 
the same thing may be done to secure resistance to freezing injury. 

With such facts determinetl, the breeder is in a position to carry on 
a well-directed program. Techniques of inbreeding and cross-breeding 
are well develop^. _ The onion is normally cross-fertilized, and 
selling results in rapid deterioration, but with care it produces pure 
strains for hybridization. In making difficult species crosses — as 
with Nebuka — flies are specially grown and let loose in a cage that 
covers the emasculated seed parent and also contains a cut flower 
stalk of the pollen parent. 

The onion has been used in interesting studies to develop methods 
of identifying specific chromosomes under the microscope, and there 
has been some genetic analysis of the inheritance of color and of certain 
abnormalities m chlorophyll development. 



Peas and Beans 

Poas apparently originated in Ktbiopia, and according to one 
authonty they are the only vegetable that can with certainty be 
traced back to the Stone Age. They are also the first crop with which 
controlled breeding was done to produce new varieties (by Thomas 
Andrew Knight, 1787), as well as the plant used by Mendel in deter- 
mining the laws of inheritance that founded modem genetics. 

They reached their greatest perfection in England, and many 
American varieties trace directly to the splendiil products of the 
fiimous English breeders, hymning with Knight, who introduced the 
first sweet wrinkled pea. The most highly evolved variety so far is 
probably Laxton Progress, which blooms at the eighth or ninth node 
and is therefore a few days earher than its nearest competitor. Hun- 
dredfold a characteristic that, to pea farmers, was worth years of 
breedmg effort. 

Amcnenn breeders receh ed their greatest stimulus from the canning 
industiy after 1900. Shght differences in such characteristios as pod 
size, pod curvature, tightness of peas in pod, number of peas in prime 
condition at one time, node of first bloom, and straightness of stem 
have been important breedmg objectives to achieve the closest possible 
adaptation to machine handling and other needs of the industiy. In 
garaen peas, the chief American contribution has been a great reduc- 
tion in the incidence of the defect known as “rabbit ear ” Today, 
preservation by freezing presents new objectives; and with all types of 
peas, American workers are now concerned with breeding for resistance 
to fusanum wilt and other diseasesj as well as to insects and adverse 
weather conditions. Active breedmg work is bemg carried on by 
several State experiment stations, notably Wisconsm, by the United 
States Department of Agriculture, and by some of the larger seed 
companies. 

Elimination of stnngs was the chief objective of the early commercial 
breeders of snap beans, and the most successful among them was 
Calvin N. Keeney, of Now York, who produced many varieties still 
popular, including Burpee Stringlcss Green Pod, Giant Stringless 
Green Pod, Stnnglcss Green Refugee, and Brittle Wax._ Later, the 
ravages of disease made it imperative to rive major attention to breed- 
ing for resistance. N ow York State has led in breeding beans resistant 
to anthracnose. The Michigan, Idaho, and Wisconsin stations, the 
United States Department of Agriculture, and the Department in 
cooperation with the Wisconsin station, have produced varieties 
resistant to mosaic, and some of these are tolerant to bacterial blight 
Strains resistant to bean rust have been bred by the Department and 
by the Virginia station. Thus the major bean diseases have been 
overcome to some extent, and the work is being actively carried on 
to make greater gains. 

Little controlled breeding work was done with lima beans until a 
project was recently started in the Department. All the present 
varieties resulted from selection. Of the two most extensively grown 
today — Henderson Bush and Fordhook (also a bush lima) the 
former was found on a Virginia roadside by a Negro la wrer m 1886 
and sold originally to a seedsman in Richmond, and the latter was 
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discovered growing in a field of toIo limas in California in 1903. ^ A 
hardy, high-yielding strain recently selected by the California station 
came irom stock grown by the Hopi Indians. 

Considerable genetic research has been done with peas, although 
tills plant proved to bo for mote complex genetically than Mendel’s 
early work would have indicated. To date, 68 genes have been listed 
Besoarch in bean genetics has also been extensive, and the inheritance 
of disease resistance has received, and is still receiving, a good de^ of 
attention. Very little genetic research has been done with the lima 

Cabb\gr ano Its Le\ft Reiatives 
At least 4,000 years ago men were eating the leafy wild cabbage 
found on the coast of Europe and northern Afnca; and this plant is 
supposed to be the origmal ancestor of such vaiied forms as the culti- 
vated cabbage, cauliflower, broccoli, green-sproutmg broccoli, Brussels 
sprouts, kale, collards, and kohlrabi For our modem varieties of 
tliese vegetables we arc largely indebted to farmers and to the assidu- 
ous work of commercial s<*c<lsmcn, in both Europe and the United 
States, beginning in tlielato I700’s. 

The most important single achievement in modem cabbage breeding 
in the United States has been the de\elopment ot vaneties resistant to 
yellows (fusaiium wdt)- anachio\emcnt that has saved growers from 
rum in many sections and paid an enormous return on the cost The 

[ iroblem was fust attacked in 1910 in Wisconsin by L R Jones; and 
atcrJ C Walker, of the Depaitment of Agnculture, and his associates 
de^ oted many years to it As a result of these intensive attacks, the 
wilt nsk IS now eliminated and theio ore yellows-rcsistant cabbage 
varieties of all the major types 

New saiictics of cabbage that show improvements in other ways 
have been del eloped in Fonnsyhntuo, Txiuisiana, and New York, and 
at several other State stations, as well as in the Uojiartment, breeding 
programs aie in progress that promise woitb-while results The chirf 
objectives today relate to diseases other than fiibarium wilt, improved 
ability to hold up well in storage, better adaptation to particular 
localities, and a closer approach to consumer preferences, which favor 
a small or medium-sized liard head, mUd or sweet in flavor, with crisp 
or succulent leaves. 

Cauhflowor and kohlrabi seed cannot be grown most successfully in 
this country, but broccoli seed can bo, and now strains that mature at 
different tunes have been developed by private seedsmen in Califomia. 
Green-sproutmg broccoli has also been improved by breeding. New 
strains of Brussels sprouts have been privately produced in Oregon, 
and a new strain of kale has been released by the Virginia Truck 
Experiment Station. The Louisiana Station has introduced a new 
strain of collards. 

One outcome of the breeding work with cabbage has been the 
development of interesting practical techniques for handling the 
plants and inducing the settmg of seed under unusual conditions. 
^If-sterility is a problem with this plant, and as a result of intensive 
study much light has been thrown on the nature of self-sterility and 
self-mcompatibility not only in cabbage but probably in other plants 
also. 
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Wide crosses between the cabbage and other species of the 
same genus have been fruitful m yicldmg cytological mformation, 
and there have been genetic studies of the cabbage concerned with 
the mhentance of characteristics of the leaf, the head, and the stem, 
as well as of plant height, bolting habit, season of matunty, and 
yellows resistance Some work has been done on locatmg certam 
genes m definite chromosomes 

Root Vegetables 

The turnip, rutabaga, radish, beet, carrot, parsnip, salsify, and taro 
are biennial plants, which means that they store a rich supply of 
food (mostly starches and sugars) m their loots during the first season 
to support growth dunng the second season, when they produce seed. 
Early m his history man learned to take this food supply for lus own 
nourishment, just as ho learned to steal the store of honey from the bee 

Over a long penod of tune improvements wore made and definite 
types were set m these root crops by ciude selection Even m our 
own tunes, practically no other kind of breedmg work has been done 
with them But though the results of mass selection have in some 
cases been excellent — as with the carrot the method no longer meets 
modem needs In particular, the attacks of diseases and msects 
make it imperative to develop resistant types by the newer methods 
of mbreedmg, crossmg, and the mtroduction of valuable gemi plasm 
fiom wild forms of these species 

There is veiy httlo work of this kmd to report On the other hand, 
there has been some mteresting genetic researih with these plants, 
and the unusual difficulties that some of th“m offer in bleeding 
techmque have been mgeniously overcome The load has been 
cleared to some extent for gomg ahead with practical breedmg pro- 
grams based on defimte objectives 

In order to “punfy” the genetic make-up of a plant as a basis for 
combining desirable characteiistics by ciossing, it is necessary first 
to inbroed the plant This is difficult m the case of some of the root 
vegetables Turnips, rutabagas, ladishes, and probably beets con- 
tain genes that make them steme to theu own pollen or pollen of 
certain other plants of the some vancty The mode of action of 
these genes has now been worked out They are recessives and must 
be present both m the pollen and m the ovule to produce self-stcnhty 
Their characteristics can be overcome to a considerable degree by 
applymg pollen to a bud before it opens, or they can be replaced by 
“normal” genes through appropriate crosses, or naturally self-fertile 
hnes can be discovered by enough searching and the others discarded 

In the case of the beet, the extreme dusthko fineness of the poUon, 
which can float m through tiny crevices, makes accurately controlled 
pollmation difficult This has been overcome by suitable techniques 
The carrot was long thought to be self-stenie Now it is known 
that the ova^ merdy devdops before the pollen of the same flower 
18 mature ^If-fertilization can readily be accomphshed by usmg 
pollen from an older flower on the same plant The flower parts 
are so mmute that the usual methods of controlled pollmation cannot 
he used, but this has been overcome by making flies do the work, 
mside special cages 
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Along with such technical developments, research has uncovered 
facts about the inheritance of characteristics in these plonts, <n 
which are of importance agriculturally— for example, bark and nwh 
color of turnip and rutabaga; color, corkiness, early and late flowering 
in the radish; color of root and top, and root shape in the beet; root 
color in the carrot. Investigation of chromosome behavior has also 
been fruitful. Certain wide crosses have been made, as between 
radish and cabbage, radish and Chinese cabbage, turnip and rutabaga, 
that may develop worth-while breeding possibilities. 

S/VLAD Plants 

Since the public became vitamin-conscious, the salad crops — 
lettuce, celeiy, endive, chicory, cress, and parsley — have increased 
ill importance Very little scientific breeding work has been done 
with any of these plants except lettuce and celery, the major salad 
crops. The production of both is confined to rather speci^zed 
areas fjettuce, one of the oldest vegetables growm, came originally 
from India or central Asia and was introduced into the United States 
early m the colomal penod Celery, native to the Mediterranean 
region, was long considered to be poisonous and has been eaten only 
in modern times. 

Lettuce breeders have several solid achievements to their credit. 
Most notable of these is the development of the Imperial strains by 
I C dagger, of the Department of Agriculture This work was 
started in 1922 to meet the combined threat of brown blight and 
powdery mildew, which were on the point of wiping out growers in 
some of the largest western producing sections The resistant 
Imperial strauis, developed by hybridization, saved the industry in 
these areas 

Since transportation developments made possible the shipment of 
western lettuce to the East, eastern consumers have preferred the 
crisp western type. The present varieties of this type cannot be 
grown well in the eastern climate. A start was made in 1928 toward 
developing crisp-head types for eastern growers, and the first of these, 
Columbia No 1 and No. 2, were released by the Department in 1936. 
A wholly new type of lettuce, Cosberg (a cross between Cos or romaine 
and Iceberg) was also introduced m 1936. This is comparatively 
free from tipburn, which is very troublesome in the East. The 
Department is now cooperating with several eastern State stations 
for the development of other ensp types adapted to local conditions. 

Tipburn and mildew are both serious in greenhouse forcing. The 
Ohio station has developed a tipbum-resistant strain of Grand 
Rapids, and the Massachusetts Station a butter-head type, BeL^y, 
resistant to mildew. 

Celery growers need earlier maturing plants and plants resistant to 
yellows, premature seedstalk development (bolting), and pithiness. 
Breeders have been attackiiv these problems. Michigan released its 
Michigan Golden Yellows Resistant celery in 1933 and its Curly 
Leaf Ea^-Blanching (also yellows-resistant) in 1936. A new Non- 
Bolting Golden Hume has been introduced by a private seed concern 
in Califomia. Pithiness has now been proved to be on inherited 
characteristic, which paves the way for breeding nonpithy strains. 
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Although lettuce flowers are difiicult to handle in breeding opera- 
tions, some genetic studies have been made on the mode of inhentence 
of vanous chaiwstenstics, includmg plant height, time of flowenng 
habit of growth, lei^th, width, and area of leaves, and particular^ 
color Genetic studies m celeiy indicate that pithiness is due to a 
smgle dommant gene, and that bolting may also bo a dommant 
charactenstic controlled by several genes but greatly influenced by 
environment o i-. ^ 

owEET Corn and Popcorn 


Some of the greatest advances m breedmg techmque m recent 
times have been made with field com — in particular, the method of 
ciossmg certain inbred lines to produce a hybnd that has remarkable 
umfoimity and productiveness Those advances have natur^y been 
reflected m sweet-corn bi ceding also 

Two outstanding needs havt dominated breeding work (1) The 
canmng mdustry requires stocks that are as unifoim as possible in 
every way, besides having high yield (2) The fact that sweet com 
cannot be grown in the South, largely because of the ravages of the 
com earworm and of bactenal imt, makes it highly desirable to 
develop resistant vareties 

Brewers hn\e met the first need so effectively with the newer types 
of hybnd com that the canning industry itself has been revolutiom/ed 
by the uniformity in tcvtuie and consistency of giams and the 
uniformity ot iipemng in the field Whole-grain canned com, 
frozen packs, and now machinery have been mode possible by the 
work of breeders About 80 percent of the yellow sweet com grown 
foi connmg now consists of the newer hybiids, and about half of this 
is Golden Cross Bantam, a product of the Department in coopeiation 
with the Indiana station Other States that have led m recent 
breeding work have been Marne, Illinois, Connecticut, and Mmnesota 
Not the least of the adiantages of Golden Cross Bantam com is its 
resistance to bactenal wilt 

Pro mising work is m progress to meet the second major need — 
extension of the sweet com region sonthwaid — by hybndi/mg sweet 
com with the naturally earworm-rcsistant dent field corns of the South 
The foctois that make this dent com resistant to the earworm have not 
yet been satisfoctonly determined, but vaneties developed from sweet- 
dent hybnds like Honey Juno and Surccroppor Sugar have more 
resistance than any othei sweet com Leaders m this work have been 
the stations m Texas, Flonda, Georgia, and Calilomia Tmck and 
home gardeners m the South are keenly mterested m these efforts 

The characteristic kernel composition of sweet corn, which dis- 
tmgiushes it from field com, depends on a recessive form of the gene 
for starohmess The presence of this recessive prevents the convemon 
of some of the sugar mto starch A good deal of work has been done 
on inheritance m sweet coin 

Popcorn pops because the homy endosperm m which the starch 
grams are embedded confines the steam generated by heat until it 
develops sufficient force to explode the kernel Popcorns differ m 
popping expansion, and the differences can be easily measured They 
also differ m tenderness ami flavor of the popped kernels, productive- 
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ness, and resistance to diseases and insects. Fortunately high 
poppability ^d tenderness seem to go together, but unfortunate 
high poppability and productiveness do not, so that m breeding a 
compronuse is necessary between these two c^racteristics. 

Breeding work with popcorn has been relatively limited, but it has 
produced some promismg results. Mass selection, based on actual 
popping tests or on a rough comparison of the amount of soft white 
starch m kernels (the more starch, the less popping expansion} is 
useful in brmging about a gradual improvement in popping expansion, 
at least up to a certain point. The improvement in a 6-year experi- 
ment conducted by the Department in cooperation wiA the Kansas 
station was about 36 percent, and the improved sti^ has been 
distributed as Supeigold. Hybridization of inbred lines has been 
carried on by several stations. At the Minnesota station, 250 lines 
of a selection of Jap ITulless were developed by inbreedmg, then culled 
to 7 lines by selection, and aU possible crosses were made among the 
7 lines Chie cross was selected as superior; the hybrid, named 
Mmhybrid 250, has had a 16-pereent higher yield and a 29-peivent 
liigher popping expansion than the Jap Hulleas used for comparison. 
A continuation of this project with new inbred lines is now m prog- 
ress in Minnesota. At the fow'a station, a promising three-way 
hybrid is now under test, and a group of inbreus is in the develop- 
mental stage. In a cooperative project between the Department 
and the Kansas station, 81 hybrids have been produced recently, 
of which about one-fourth show some improvement in popping 
expansion, and almost 90 percent show a marked improvement in 
yield. The Michigan station is now canying on an interesting ex- 
periment in producing synthetic vaneties by combining a fairly large 
number of inbred Imes. 

Injury caused by diseases and insects is a distinct drawback in 
commercial popcorn. In the case of some diseases, selection for 
commercial characteristics tends also to bring about some selection 
for reristanco. In the Southern States particularly, damage from the 
com earworm and from storage insects is serious. The Texas station 
has a project under way in which an attempt is being made to intro- 
duce the insect resistance of their adapted field com varieties into 
popcorn of good popping quahty. 

Potatoes 

Native to cool regions in South America, potatoes were taken to 
Europe by early Spanish explorers and grown there for a hundred 
years before they were introduced into the New England colomes 
from Ireland (1719. Londonderry, N. H.). 

For another hundred years, littie improvement was made in varieties. 
Then there was a rush to produce better potatoes. A minister. Rev. 
C. E. Goodrich, of Utica, N. Y., laid the foundations for potato 
breeding. He thought the ravages of late blight were due to loss of 
vigor through long vegetative reproduction by tuber cuttings, and 
he propose to restore vigor by growing plants from seed. Some 
170 varieties can be traced back to a single one of his seedlings, 
Garnet Chili. C. E. Pringlej of Charlotte, Vt., was the first to mahe 
systomatio attempts to obtam seed by controUed hybridization. 
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In the United States today, potato breeding is extensive and well 
organized un^r a national potato-breeding progran’. Under this 
program, the Department coordinates the work in 13 States that are 
canying on active breeding projects, with 21 States cooperating 
m testing worth-while matenal developed in these projects. Regional 
problcins are considered, and States m which seed cannot be grown 
obtain it from States in which it can be grown. The various Depart- 
ment field stations and State agiicidtu^ experiment stations stress 
different aspects of the general problem, but altogether practically 
every aspect of potato breeding receives attention, including disease 
resistance, yield, adaption to locality^ earlmoss, tuber shape, smooth- 
ness (depth of eye), cookmg quality, breeding methods, genetic 
analysis, and study of chromosomes. 

The breecling methods include the full range of those used in modern 
plant breeding — the introduction of new varieties or species, selection 
of colonal lines, crosses between varieties, brorther-sister crosses (sib- 
mating), backcrosses to parents, selling and tlio recombination of 
selfed lines (as in the breeding of hybrid com), outcrossing to unrelated 
strains, the synthetic building of strains by a combination of various 
methods, and wide crosses between different species (ns between a 
cultivated and a wild form). 

The outstanding problem is resistance to diseases, including a 
whole group of virus diseases, late blight, common scab, fusarium wilt, 
rhizoctonia, early blight, blackleg. These diseases add enormously 
to growers’ costs. Late bUght, the most important, has caused losses 
of 9,000,000 bushels of potatoes a year for tlio last 10 years; in 1928, 
the loss was 28,000,000 bushels The severest possible tests for 
resistance are given, and so far very promising progress has been made 
in the development of many varieties resistant to late blight, a large 
number resistant to scab, a large number resistant to mild mosaic, 
and one variety and several of its progemes imm une from latent 
mosaic. The search for disease resistance will be continued until 
every possibility has been exhausted. 

From a practical standpoint, six new varieties have boon named 
and distributed in the last 5 years (Katahdin, Chippewa. Golden, and 
Houma by the Department; Warba and Red Warba by tho University 
of Minnesota). Another, not yet named, is being tested by farmere 
Katahdin and Chippewa are now firmly established as commercial 
varieties. 

With a wealth of available breeding material, breeding methods well 
tested, considerable genetic and cytologicol infomation, ^d a 
planned cooperative program, potato breeders are in a position to 
expect further progress with confidence. 

Strawberries 

The strawberry is not of ancient lineage as a cultivated^ fruit, 
though the Indians of Chile were growing remarkably fine selections of 
the wild beach strawberry before the time of Columous l ive juai^ 
of this type reached France in 1714, and these were crossed wRh the 
wild meadow strawberry of eastern North Amenca, which had 
previously been token to Europe. The result was a vigorous hybrid, 
the modern cultivated strawberiy— a European creation out of Amen- 
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can parentage, so welcome and adaptable that it is now grown from 
Alaska to New Zealand.^ 

Since the strawberry is relatively so new, most of our varieties are 
products of breeding, though a few have been found as chance seedlings 
m the wild. These are natural hybrids of cultivated and wild berries, 
for many of the wild sorts now contain chromosomes obtained from 
the pollen of their cultivated neighbors Extensive commercial 
production did not be^ until after the Civil War, when the first 
firm-fruited variety, Wilson^ made strawberry growing in the South 
possible. Today, 20 varieties created in the lost 45 years (Gandy, 
the oldest, in 1885) account for over 99 percent of the total acreage, 
and 6 of these (Klondike, Howard 17, Aroma, Blakemore, Missionary, 
and Marshall) for 78 percent. Most of the 20 varieties were produced 
by private breeders, and several famous private breeders of outstand- 
ing varieties are still living and carrying on their work 

Systematic strawberry breeding is now being carried on by the 
Department and by the agricultural experiment stations in 26 States, 
as well os in Alaska and Hawaii. Hundreds of thousands of seedlings 
are constantly being grown, of which perhaps two in a hundred are 
selected as worthy of a first fruiting test, and a very small percentage 
pjiss the final rigid test and are named and introduced At many of 
these stations the work is new and has not yet had time to produce 
results The Department has released 7 varieties, Mmnosota 16, 
New Jersey 1, New York 21, North Dakota 1, Oregon 1, South 
Dakota 2, Tennessee 1, and Alaska 1 Strawberry growers readily 
adopt improved varieties, and such new introductions will account for 
an increasing acreage in the future Breeding work is also actively 
carried on in Canada, England, Norway, Sweden, Germany, Switzer- 
land, Czechoslovakia, the Union of Soviet Socialist Republics, Japan, 
and Australia. 

The usual method of breeders is to cross varieties and species and 
backcross to the parents The newer method of inbreeding and 
combining inbred hnes has been used very little, partly because the 
strawberry plant loses idgor so rapidly with inbreeding. This method 
will veiy likely be necessary, however, to eliminate recessive genes that 
probably account for susceptibility to certain diseases os well as for 
other weaknesses There is considerable confidence today that the 
excellent characteristics of many varieties and of the three wild 
56-chromosome species (meadow strawbony, beach strawbeny. Rocky 
Mountain strawbeny) can be combined m a few outstand^ types 
suitable for the wide range of strawberry-growing regions. BroacQy, 
the objectives today ore greater resistance to sevem diseases, and 
possibly to insects and nematodes; greater resistance to high tempera- 
tures, low temperatures, and droi^t; better adaptatmn to long 
and short days; better dessert quality under adverse weather condf 
tions; increasi^ fimmess and toughness of skin; and better adaptation 
to certain specific uses such as canning, preserving, freezing, and 
flavoring. 

Fundamental research with the strawberry has been concerned with 
the inheritance of a few contrasting characters and with chromosome 
behavior, largely in crosses between species with different chromosome 
numbers. 
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Blackberry and Raspberry 

By clearing the foists, Americans set up a vast natural blackberry 
breedmg project, for in the clearings the sparse growth of blackberries 
became dense, and since all blackberries need cross-pollination a 
multitude of natural hybrids arose. For the last 75 years or so we 
have been making selections from this pool of mixed germ plasm, 
which has been the source of almost all our commercial varieties, 
mcluding Lawton, Eldorado, Snyder, and the dewberry or trailmg 
blackberry Lucre tia. However, m the West the Logan (TjOganberry) 
came from a cultivated variety, the Young dewberry (Youngborry) 
is an artificially produced ^brid, and the Evergreen (Black Diamond) 
and the Himalrwa are of European origin. Whether the Jjogan is a 
blackberry-raspberry hybrid is still in dispute. 

Comparatively little systematic breeding has been done with black- 
berries by pubhc agencies, but the Department and several of the 
State stations are doing some work. There is much interest in 
developing thornless varieties. This has been accomplished several 
times by the use of mutations, but unfortunately only the outer 
layers of the plant tissue cany the characteristic of thonilessness, 
and now plants developing from the inner layers — as they do in the 
case of root cuttings — are all thorny. Also, thornless plants generally 
tend to be sterile Other major practical objectives in breeiling are 
superior hardiness, productiveness, vigor, flavor, firmness, and size; 
smaller seeds; and resistance to diseases, nematodes, and drought. 
Many crosses have been mode by the Department and by the New 
York, Rhode Island, and Texas stations, and a few iiiiproved varie- 
ties have been introduced as a result. Workers at the Texas station, 
and in England, have been especially interested in experimenting 
with blackberry-raspberry crosses, but none of these has os yet pro- 
duced a worth-while commercial variety. 

Both European cultivated red raspberries and selections from 
native wild varieties were probably grown in the United States before 
1800, but the red raspbor^ did not become commercially important 
untU after 1865, when an industry was founded on the famous Cuth- 
bert variety, discovered as a chanco seedling in Nevy York. The best 
cultivated red raspberries were developed by definite breeding work, 
mostly by the State stations, far more than has been the case with 
blackberries, and since this work began a considerable number of 
superior varieties have been introduced, including such important 
ones as Latham, Chief, Ohta, King, and Viking. 

Breeding work is bomg actively carried on by the Department and 
the experiment stations m New York, South Dakota, lllmois, Wash- 
ington, Minnesota, Tennessee, and North Carolina, an<l many thou- 
sands of seedling that have resulted from crossing and selection are 
being tested. This includes work with the block and purple rasp- 
berries, crosses between red and black and between American varieties 
and As^tic species, and the development of fall fruiting or everbearmg 
forms and of varieties adapted to special purposes. Among other 
results are the production of berries bigger than would have b^n 
thought possible 10 years ^o, and considerable success with vaneties 
able to resist or escape major diseases. 
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But there are still great posubilities for improving the red rasp- 
berry, notably by bringmg together in a single combmation some of 
the superior characteristics now found separately in cultivated Ameri- 
can and European varieties. Moreover, a lame number of wild 
varieties exist in Asia and elsewhere, with extremely varied character- 
istics of plant and fruit, that the breeder has hardfy yet begun to use 
in his programs. New possibilities will undoubtedly develop as these 
are more systematically explored. 

Currants and Gooseberries 

White-pine blister rust is not passed from pme to pine; it goes from 
pine to currant or gooseberry and then back to pine. This is unfor- 
tunate for currants and gooseberries; they have had to bo wiped out 
in a good many places to save the pines. Extension of the now greatly 
reduced acreage will depend largely on the development of resistant 
varieties. 

There are two kinds of currants, red and black. Of the red cur- 
rants, five species, native to Europe and Asia, are considered especially 
important for breeders, and most of the leading American varieties 
(Fay, Wilder, Red Cross, Diploma, and Perfection) came from two 
of them. These American varieties were developed between 1877 
and 1887 out of material that had been coming from Europe almost 
since the first settlement of New England. The European black 
currant is useless for this country because of its high susceptibility 
to blister rust, but the American black currant — which also has 
golden or white forms — is more resistant Four improved American 
black varieties (Tonahj Atto, Mato, Wanka) were introduced by the 
South Dakota Station m 1925 

Yeiy little systematic breeding work has been done with currants 
by either State or Fodor^ workers The South Dakota station has 
worked with black varieties; a number of crosses have been made and 
are being studied in New York; Minnesota has recentlv introduced a 
red selection. Red Lake; and Federal workers have made some crosses 
and selections but have introduced no varieties as yet. The most 
promismg rust-resistant variety is Viking, an introduction from 
Norway. It seems in fact to be immune and is now being extensively 
tested "by the Department cooperating with State stations. There 
are promising possibilities in breeding work with currants^ especially 
the hardy, drought-resistant, vigorous American black varieties. 

Greater promise, however, lies in the work with gooseberries. The 
greatest development of this fruit has been among the English, who 
became connoisseurs of gooseberries, held gooseberry shows, and 
offered prizes that stimulated breeding work, especially for laige size. 
In the United States, goosebeiry growers were discouraged by mildew 
until after 1900, when fungicid^ were used to control the disease. 
The most important gooseberry in this country has been Downing, a 
mildew resistant variety introduced about 1855. Poorman (1896) is 
the laigest American-European hybrid. About a dozen species native 
to the United States are promising for breeders They nave a wide 
climatic range and such valuable characteristics as resistance to 
mildew, leaf spot, and high summer temperatures. These character- 
istics need to oe combined with the great size, fine flavor, and attrac- 
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show the possibilities. 

Breeding work has been carried on by several State stations. The 
South Dakota station has made crosses between a native wild species 
and European varieties, and these have resulted in some dozen 
introductions. The North Dakota station has recently introduced 
three varieties from crosses and is studying the inheritance of import- 
ant characteristics. The New York station at Geneva has intro^ced 
one variety, and the Minnesota station has introduced an improved 
variety. The Illinois station is workmg for greater production, lareer 
size, mgher flavor, fewer thorns, and resistance to loaf diseases. The 
Department is doing some selection and hybridization, and has 
recently introduced one gooseberry, Glenndale, adapted to the upper 
South. 

The breeding of both currants and gooseberries has boon actively 
carried on in Canada, and m E^land research work has proceeded 
for enough so that the use of X^-rays to induce mutations is now 
hemg studied. Breeding work is also being done in Sweden and in 
the tJmon of Soviet Socialist Republics 

Unusual Bush Fruits 

All cultivated plants came origmally from the wild, but only the 
most outstanding or the most adaptable have been extensively grown 
by man. Others from which men gather food might be adapted to 
cultivation and improved by breeding, just as the wild blueberry has 
been adapted and improved in recent years Among the plants useful 
for landscaping there are also a number that might yield new forms or 
be made more valuable in other ways, if breeders would give them 
systematic attention For example, columnar deciduous trees other 
than the Lombardy poplar might be created by breeding and would 
be extremely useful 

A few ornamental plants whoso fruit is promising as food have 
received some attention. The octinidias (Chinese or Japanese 
gooseberries) are climbing shrubs bearing fruit up to the size of an 
egg, with a texture like tlmt of a fresh fig, edible fresh or as a jelly or a 
cooked sauce. A single vine may produce several bushels of fruit in 
some years, but the need is to develop types that will bear regularly. 
The American cranberrybush or highoush cranberry (a close relative 
of the elderberry) produces fruit that makes a Wgmy colored jelly of 
strong flavor, ^veral State experiment stations have cooperated 
with A. E. Moi^an and the Department m improvmg this fruit by 
breeding, and three varieties are now available commercially The 
goumi, or Magnus, has a tart fruit that is good in sherbets and is of 
considerable importance in central Asia. The plant is hardy and 
drought-resistant and might well be impioved by breeding. The 
fruit of the oriental or flowering-^mneos (Japanese quince is a common 
form) is extremely useful for jellies and preserves in combmation 
with other fruits because it is rich in pectin and contributes an agree- 
able acid flavor. By breeding, it should be po^ible to develop l^er 
fruit, vrith more acid and pectin and better colon which womd m of 
great value in the preservmg industries. The Chinese bush cher^ 
(Manchu or Nanking cherry) is now receiving attention for its fruit, 
188804*- 
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which has an attractive tang and an agreeable range of flavors and 
textures This fnnt too has commercial possibilities, and some 
breedmg work has been done with it in Iowa, New York, and Massa- 
chusetts n 

Blueberries 


Only a short time before his death on January 9, 1937, Frederick V 
Covdle completed an article for this Yearbook descnbmg his work m 
developmg the cultivated blueberry from the wild blueberry Dr 
CoviUe served 49 years m the Department of Agnculture, and prob- 
ably his work with bluebemes will stand out as the most important 
achievement of a fruitful career It founded a new and thriving 
mdustry 

The work began m New Hampshire m 190G with a study of the 
fundamental facts m the life history of the wild blueberry The first 
fact estabhbhed was one not before known — tliat bluebemes, rhododen- 
drons, araleas, the mountam-laurel, and many other plants require 
acid sods 

Next, methods of grafting, buddmg, division, layermg, propagation 
of twng cuttmgs and root cuttmgs, and pollination were worked out 

Then plants with supenor fruit were chosen for breeding expen- 
ments The first one, a highbush blueberry found in a pasture in 
Greenfield, N H , was named Brooks To the oxcellenoe of this first 
berry. Dr Coville attributed much of the success of many of its later 
descendants Efforts were made to self-polinate the Brooks, without 
success, and after other attempts, this method was abandoned in favor 
of cross-pollmation Mui h later, it w as found that m cross-pollination . 
chromosome numbers were all-important Even distantly related 
plants with the same number of chromosomes would cross, but if they 
did not have the same chromosome numbers, the cross yielded no fruit 

The second wild blueberry chosen was Russell, also from Now 
Hampshire In 1911 this was crossed with Brooks, and some of the 
first-generation hybnds were crossed with each other Among 3,000 
second-generation progeny, there was much segregation for various 
charactenstics 

Thereafter, Dr CoviUe made an mtensive search for superior wild 
berries, enlisting the cooperation of Ehzabeth C White, of New 
Lisbon, N J Up to the year 1936 about 68,000 pedigreed blueberry 
seedhngs were fruited and carefully tested for supenor charactenstics 
of bush, size of fnut, ease of pickmg, size of scar when picked, size of 
calyx, keepmg quality, firmness, tendency to crack, and flavor 
Taste tests were especially exaotmg and, with the consumer m mmd. 
Dr CoviUe would release no vanety, no matter how remarkable its 
size or how good its other commercial charactenstics, unless its flavor 
met his standards 

The largest berry developed m tlus work had a diameter of more 
than 1 mch, but it was not released because of infenor flavor A 
hybnd between this and the finest-flavored berry, Stanley, has so far 
reached a diameter of nea^ 1 mch It is not yet ready to release, 
but Dr CoviUe named it Dm His article desenbes the character- 
istics and ancestry of aU his improved vaneties — Pioneer, Greenfield, 
Cabot, Eathanne, Rancocas, Jersey, Concord, June, ScanuneU, 
Stanley, Redskm, Catawba, Wareham, Weymouth, and Dm 
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Apples 

To evaluate a new apple vanety takes 25 years from the time the 
cross 18 made, and another 6 to 15 years will elapse before it is m 
conmercial production Practically speakmg, the apple breeder works 
for his descendants, not for his own generation Therefore as yet few 
of our widely ^wn varieties are the result of systematic hybndi/mg, 
even though this work was under way m 1895 Most of them came 
from superor chance seed lings Apples w ere brought o v er from Europe 
by the early colonists, the seeds were widely dissemmated, and since 
apples do not come true from seed, the range of dilTerences m tiee and 
fruit was very great In fact this process extended back mto early 
times Pnmitive man appreciated the wild apple, though it was a 
wry thing, and he early began selecting and cultivatmg it Budding 
and graftmg were practiced oxer 2,000 years ago 
Today we need fruit with quite definite suponor chaiactciistics, 
and the hope of obtammg it lies m the extensix e breeihng programs of 
the present and the future What are the objectives^ Incroaseil 
winter hardmess, of first importance m northern legions (liseasc 
resistance (the major diseases aie scab, blotcli, bitter rot, fire blight, 
and apple cedar rust), resistance to spiay mjury, late blooming to 
escape sprmg frosts m some sections a combination of ruh-flavored 
fruit with desirable tree characters (disease resistance, etc ), a greater 
range of fruits with high color and quahty combined with abihty to 
keep well m storage, varieties adapted to the far South — at present 
there are none that are satisfactory 
There is sufficient variation among the many different kmds of 
apples to give assurance that many of these desirable characters can 
bo Drought together in new varieties 
Three methods are available to bring about these improvements 
(1) Keeping a careful watch for bud mutations, this has been practiced 
rather mtensively during the lost decade, and some very supoiior 
strains have resulted The method is still highly promising, though 
it 18 limited to a relatively narrow range of improvement among exist- 
mg varieties (2) Hybridization to produce really new varieties by 
combming different characteristics In some cases it is possible to 
go rather far afield, hardy crab apples are bemg crossed with com- 
mercial vaneties of apples, for example, to get extreme cold resistance 
(3) Produemg varieties with unusual chromosome numbers It hap- 
pens that about 25 percent of our commercial apple vaneties are 
tnploids — that is, they have three full sets of chromosomes in their 
body cells instead of the normal two sets Always these tnploids 
have unusually large fruit and a vigorous type of tree, that is why 
so many of them happen to have been selected as supenor But the 
occurrence of tnploid apples is very rare in nature, and so far it has 
been impossible to create them by controlled breedmg methods This 
IS a secret that the apple breeder is trymg intensively to solve 
Breedmg projects are imder way at the expenment stations m several 
States, and tens of thousands of seedlmgs are under test So far, 
the Iowa station has introduced 13 named vanetie s, Mmnesota, 5, 
Missoun, 7, New York, 15, South Dakota. 17 Work is also m 
progress in Idaho, lUmois, Marne, Maryland, Massachusetts, Ohio, 
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and Virginia, and the Department is doing a limited amount of breed- 
ing. A major program naa been carried on in Canada, and apple 
breeding is combined with the breedmg of other fruits m several 
European countries. Pears 

Europeans have the same fondness for pears that Americans have 
for apples, and a great many doheious varieties have been developed 
in Europe A Belgian physician. Von Mons (1765-1842), had as 
many as 80,000 seedhngs m his gardens and developed over 400 
varieties At least as early as 1794, however, pears in the United 
States mot the nemesis that has doggeil them ever since This is 
fire blight, a bacterial disease that attacks roots, crown, trunk, hmbs, 
blossoms, and fruit. It is rumously virulent in most of the East: in 
the West, relatively cool dry summers make it less destructive; but 
even there, it is a source of great trouble and expense to growers, since 
the only known method of control is by careful surgery. 

Thus the fire blight menace dominates pear breedmg in the United 
States Tlie European pear, source of all the fine-fleshed, buttery, 
molting, aromatic vaneties such as Bartlett, Anjou, Bose, and Winter 
Nells, 18 especially susceptible The Chinese or sand pear, coarse, 
gritty, and inferior, is resistant Around the middle of the last cen- 
tury, hybrids between the European and the Chinese pear began to 
appear — I^e Conte and KieflTer, for example. Although these are 
inferior m quality, they are about the only pears that nave enough 
blight resistance to be grown in most parts of the East. One pear 
apparently of straight European parentage, the Seckol,is also resistant. 

The problem, _ then, is to develop a wider range of the superior 
European varieties with resistance to the disease, either bj^ hybndiza- 
tion or by selection The most important basic breedmg material 
includes the European pear (fcnerally susceptible but with occasional 
resistant forms), the snow pear of southern Europe (susceptible), the 
Chinese or sand pear (variable resistance), the Ussurian pear of 
China and Siberia (vo^ rc.sistant, and especially valuable because 
the quality is fair), the Calleiy pear of China (resistant), the birchleaf 
pear of China (variable resistance). There is enough range in the 
available material to meet all requirements, including superior winter 
hardiness, which is needed in some parts of the country ; but it may 
be another hundred years before the problem of fire bl^ht is really 
solved, considering the length of time it takes to test a single genera- 
tion of tree fruits. 

The Oregon Station has led in this work. There F. C. Rcimer has 
tested the resistance of practically all known species and varieties of 
pears, and of many hybrids, usmg artificial moculation as well as 
natural infection. One of the most valuable breeding stocks is a 
highly resistant Anjou seedhng called Farmingdale, found accidentally 
on a farm in lllinois. Ten other very resistant Eurpoean pears have 
been found in 10,000 seedlings, and all transmit a hi gh degree of 
resistance in crosses. 

The Department has also carried on fairly extensive breeding work 
for blight resistance, and 5,000 seedlings, moculated each year, are 
now being grown to fruiting. Work has also been done in Cadifomla 
(for range of ripening season), Georgia (studies of resistance), Iowa 
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(winter hardiness), Maryland, Michigan, Minnesota, New York 
Opnmanly for high quahty and long ripening season), and Tennessee 
Some new varieties have been mtroduced as a result of this work 

A limited amoimt of work has been done on the cy tolo^ and genetics 
of pears, but inhentanco studies are difEcult because semng is imprac 
ticable m most varieties ^ 

Gbapbs 

Obedient to official urgmg and command, the early colonists m the 
eastern Umted States planted g^rapes of the traditional fine European 
varieties All of these ventures failed miserably, the European 
varieties could not stand the diseases, the msocts, and the cold that 
faced them m this part of the new land In California, however, they 
throve ever smco they were mtroduced by Mission Fathers from 
Mexico m 1769, and after 1850 grape culture m that State grew with 
great rapidity Meanifthile, tardily, eastemora began to become 
aware of the value of their own native grapes, which grew abundantly 
m the wild Three chance seedlings — the Cape (beluvcd to be 
identical with Alexander), discovered m 1806, the Catawba, first 
propagated m 1819, the Concord, named and mtroduced m 1854 — 
had sufficient ment and p^ulanty to turn the attention of breeders 
to these native species Thereafter several men did notable work 
m selectmg native varieties and hybndivmg them both among them- 
selves and with European grapes Outstanding among these early 
workers were E S Rogtrs (Agawam), A J Caywood, Charles Arnold 
of Canada, G W Campbell (Campbell Early), Louis Suelter (Beta), 
J H Ricketts (Downing), and T V Munson, who ongmated more 
hybrids than any other man m the country 

Thus American giape growmg has had two distmct Imos of develop- 
ment On the Pacific coast (especially m Cahforma), where 90 per- 
cent of the commercial grape culture is centered, European varieties 
are grown for the proauction of table grapes, laism and currant 
grapes, and wine grapes, throughout the rest of the country, native 
varieties, hybrids between these, and hybrids with European voneties 
are grown for table grapes, wine grapes, and unfermented-jmee grapes 
(the foxy flavor of the Concord, which is a fox gr^e, is important for 
this last use) Even the European grapes m Cahforma, however, 
must be grafted on native American rootstocks, wluch alone are 
resistant to phylloxera, an Amencan insect that, finding its way to 
Europe, compels European growers also to use Amencan grapes as 
rootstocks 

Grape breeding is actively earned on by the Department and by the 
State agncultural experiment stations m California, Geoma, Mary- 
land, Mmnesota, Missoun, New York, South Dakota, Texas, and 
Virginia Many thousands of seedlings from an immense number 
of crosses are being grown and tested, and improved vanetios have 
been released by the Georgia, the New York (Geneva and Frodorua), 
and the South Dakota stations The general objectives m this work 
are improved fruit quahty, disease resistance, ana local adaptabihty , 
but there are separate objectives for the three mam types of grapes 
Thus, for American native bunch grapes it is desunble to have larger 
clusters and berries, some of the nch vinous flavor of the European 
grape, more edible skin, more melting flesh, seeds more free from the 
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pulp, increased sugar content. For the native muscadine grapes of the 
South, it is desirable to have larger bunches, better adherence of beny 
to stem, more tender skin, better flavor, smaller seeds. For the 
European grapes, it is desirable to have among the table types, more 
seedless varieties and a larger assortment of blackj red, and white 
grapes ripening from early to late; among the raism types, several 
improvements to meet specific needs; among the wine types, improved 
flavors (perhaps a blend of several flavors for certain kmds of wine), 
juice of better color, vines resistant to phylloxera to eliminate the 
neccssitv for grafting. 

Needless to say, grape-breeding work is also being actively carried 
on in foreign countnes, notably France, Germany, Italy, Czechoslo- 
vakia, the Union of Soviet Socialist Republics, and Australia. 

Genetic analysis is slow, and there is need for more information on 
the inheritance of characters of importance, especially resistance to 
diseases. pnuirs (Peach, Peum, Cherry, Apricot) 

Grown in China thousands of years ago, the peach early spread 
throughout Europe and was brought to North America by the 
colonists; but commercial growing did not begin here until the nine- 
teenth century, when orchards propagated from cuttings were first 
established. Between 1850 and 1900, peach growing became highly 
speciahzed, and to meet the need for types suited to different regions 
many varieties were developed by seedling selection, including such 
present stand-bys as Hale Early (1850), Belle and Elberta (1870), 
Crosbv (1876), Champion (1880), Carman (1889), Rochester (1900). 

Today, systematic breeding by hybridization is conducted by the 
Department of Agriculture and by the agricultural experiment stations 
in California, Illinois, Iowa, Maryland, Massachusetts, Michigan, 
New York, New Jersey, Texas, and Vii^ia, as well as in Canada 
Many of these have only started recenUy, but the Department has 
introduced 4 varieties (1935). New Jersey 18 (1926-34), California 1 
(1933), Iowa 1 (1932), Michigan 1 (1932), and Canada 6 (1925-30). 
The extent of some of this work can be realized from the fact that the 
New Jersey Station maintains 276 varieties of peaches and nectarines 
(a smooth-skin peach) on its breeding grounds for study and hybrid- 
ization. 

Objectives, of course, are different at different stations, depending on 
regional requirements and on the use for which the crop is intended. 
In general, there is still a need for a variety of high quahty adapted to 
cold climates, and one that will not delay coming into leaf in climates 
where the winters are warm. Better varieties than Elberta — the 
best commercial peach so far — have been produced^ but they are not 
so widely adapted. Promising lybridization work is now in progress 
with the Cra^^ord tvM, which has veiy high quality, and with the 
J. H. Hale. A good deal of interesting genetic work has been done 
with the peach, but there is need for more. 

Of the many species of plums native to various parts of the world, 
four are especially important commercially in the United States — the 
European plums, brought over by the first colonists, large, attractive, 
green and ^Iden yellow (Beine Claude) to red and dark purple (Italian 
prune); the damsons of the Old World, yellow (Mir^elle) to blue 
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(Shropshire}, smaU, tart, used for preserves; the Japanese plums, 
mtroduced mto this country in 1870, yellow overlaid with red (Kelsey, 
Burbank), excellent flavor j the native American plums, especially the 
Prunua Americana species (De Soto, Weaver), red to reddish orange, 
good ^ality but a thick, tough skin and clinging pit. These species 
are rich in varieties available as breeding material, and there are also 
many other interesting species. 

Several private breeders have done notable work with plums, includ- 
ing H. A. Terry and C. G. Patten, of Iowa, and J. W, Kerr of Mary- 
land, who were interested in the selection of native varieties; Luther 
Burbank, who selected and hybridized Japanese plums and other 
species; Millard W. Sharp and A. F. and August Etter, of California, 
who are now engaged in l^bridizing. 

Much Ewstematic hybridizing, both among the plum species and 
between plums and other stone fruits (cherry, apricot) is bemg con- 
ducted by State stations in California, Iowa, Mumesota, Now York, 
and South Dakota, and by Federal field stations in California ami 
North Dakota. Where the work has been longest in progress, as m 
South Dakota, New York, and Miimesota, several varieties have been 
introduced; elsewhere, promisirig material is still under test. The 
growing of plums has been declining in the United States during the 
last 20 years, and there is a great need for the breeding of varieties of 
really high quality adapted to regions characterized hy extremes of 
heat or cold. 

There are two species of cultivated cherries, the sweet and the sour 
Sweet cherries are subdivided into two groups — heart or gean cherries, 
soft, tender, either dark colored (Black Tartarian) or light (Coe); 
and bigarreaus, firm, crisp, either black (Bing) or light (Napoleon). 
There are three groups of sour cherries — the amarellos, light (Mont- 
morency); the morellos, dark (English MoreUo); and the marascas, 
native to Jugoslavia, used for making maraschino cherries Duke 
cherries (May Duke) are probably hybri^ between sweet and sour 
species. Other species useful in breeding include the Nanking cherry 
of Asia; the sand cherry, the western sand cherry, and the chokecher^ 
of the United States; and the mahaleb cherry of Europe and the pin 
cherry of North America, used as rootstocks 

Commercial production of sweet cherries is practically limit^ to 
the Pacific ana intermountain States, and that of sour cherries to 
regions along the Great Lakes, The trees we too tender for colder 
regions; they do not thrive in hot, dry regions; and in hot, humid 
regions cherry diseases are disastrous Breedmg work is very much 
concerned with overcoming these major handicaps and making this 
delicious fruit available over a much greater area, and also over a 
loi^r season. 

Tnere has been little work by private breeders, thoi;«h the develop- 
ment of black bigarreau varieties (Republican, Lambert, Bi^) by 
the Lewelling brothers founded the cherry industry in the Padfio 
States Among State stations. New York (Geneva) has taken the 
lead, introducing twp new varieties m far South Dakota has intro- 
duced several varieties, and work is in progress at the Iowa and 
North Dakota stations, the Federal field station at Mmdai^ N. Dak., 
and in Canada, where one now variety has been introduced. In 
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addition, collections of breeding material are mamtamed m Ohio, 
Colorado, Utah, Calrfomia, and Oregon In the search for necessary 
charactenstics, native Aniencan wiW cherries aie being extensively 
used in some of this breedmg work 

Apncots (probably native to Chma) aie grown commercially only m 
Pacific Coast States because the blossommg habit of the trees makes 
them particularly susceptible to sprmg frosts m the colder regions 
The species grown commercially is the common apncot but several 
othei species and subspecies are useful for breeding, mcludmg the 
black apricot, the Japanese apncot, the Russian apniot, and the 
Manchunan apncot The raw matenal used by breeders consists 
largely of older vaneties from England (Blenheim, Moorpark), from 
France (Peach, Guillans Earlv), and from the Union of Soviet Socialist 
Republics (Alexander, Budo), and newer Amencan strams (New- 
castle, Alameda) The chief objectives of breeders are to combme 
the good charactenstics of these vaneties and elimmate the faults 
and also to develop hardier types adapted to a wider temtoiy Apn- 
cotb from northern Asia are particularly hardy, but there is need for 
still more matenal of this sort 

Among the wide crosses that have been made is that of the apncot 
with the plum, produemg the so-called plumcot— though some 
cytologists do not considei this a true hybnd 

Systematic breedmg with apncots is quite new The Department 
began work at Palo Alto Calif , m 1922, and about 60 promismg 
hybrids are now being studied and tested Work began m New 
York (Geneva) also in 1922, and so far one vanety (Geneva) has been 
named In 1924 the North Dakota and the South Dakota stitions 
began breedmg work , the latter station has been expenmentmg with 
matenal from Manchuria and Sibena Breedmg work in Davis, 
Cabf , began m 1930 Apricot breedmg projects aie also in progress 
m Austria and Morocco 

Citrus Fruits 

Grown for thousands of years m the Onent citrus fruits were estab- 
lished m Flonda by 1579 and Cahfomia by 1769 and were woith over 
134 million dollars to growers m the United States in 1934 They are 
an outstanding source of vitamm C and an important source of vitamm 
B Their umquo sprightly flavors come from a combmation of sugars 
(sweetness), acids (tartness), glucosides (bitterness), esters (aroma), 
peel oil (aroma) The chief types, mcludmg those used as rootstocks, 
are sweet orange, sour orange, fcng orange, tangerme orange, satsuma 
orange, shaddock, grapefruit, pummelo, citron, lemon, lime, Ichang 
(lemon), kalpi, calamondm, and kumquat 

Today, largo production, decreasmg returns, and mcreased compe- 
tition place great stress on improvement by breedmg Breeding 
work was begun m Flonda by the Department m 1892 and by the 
State stations m Califonua m 1910, m Flonda m 1924, m Alabama m 
1933, and m Texas m 1934 It is being earned on m Hawaii, Mexico, 
Bra^, Argentma, Spam. Italy, Greece, Morocco, Palestme, Japan, 
Chma, India, Zanzibar, Austraha, and New Zealand 

Improvement of atrus fnuts m the Umted States pnor to the use 
of modem breeding me^ods was by mtroduction oi vaneties from 
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abroad, the selection of chance seedlings, and probably selection of 
some bud mutations The record of the earher developinent of varie- 
ties 18 full of mtereatinf vicissitudes Among the outstanding suc- 
cesses IS the story of the Washington Navel orange Throu^ the 
help of a missionary, Wilham Saunders, who was then Supermtendent 
of Grardens and Grounds m Washmgton, D C , got 12 navel orange 
trees from Bahia, Brazil, m 1870 Mrs Eliza Tibbetts, migratmg to 
Riverside, Calif , m 1873, took two of them along They proved to 
be almost as important m Cahfomia history as the disco veiy of gold, 
since all of Cahforma s Washmgton Navel orange plantings came from 
these two ongmal trees 

The objectives of breeders today mclude Tree characters — com- 
pactness, vigor, productiveness, disease resistance, cold resistance, 
congemality with rootstocks, and correct market maturity Fruit 
characters — high dessert quality seedlessness or near seedlessness 
correct size ancl shape, good shippmg and storage quahty, attractive 
extenor standard vitamm C content, firm pulp for cannmg, and 
attractive juice color There are other special requirements for 
rootstocks In the past the chief methods of improvement were by 
(1) Selection of superior seedlmgs without controlled polhnation 
Citrus fruits have the peculiarity of produemg several seedlmgs from 
one sec d Usually only one is the product of the umon of male and 
female parental cells, the others are practically buds withm the seed 
tissue and are produced nonsexually This adds to the difficulty of 
breedmg work (2) Selection of superior bud mutations This has 
been veiy important since the intensive studies mUdo by A D 
Shamel of the Dc partment and his coworkers In the lost 18 years, 
probably 10 million buds have been sold to Cahforma growers alone 
as a lesult of this work (1) Hybndization, especially between 
different species of citrus This method is bemg used chiefly to 
create new types with umque flavors and other characteristics 
The last two improvement methods are still actively employed 
Hybridization is bemg carried on by the Department and State 
stations, with promismg results in several cases Almost overv kmd 
of citrus fruit has been crossed with almost every other kmd Among 
the new types produced are the tongelo (mandarm orange X grape- 
fruit) , tangelo X grapefruit, tangerme X sweet orange, Pemne lemon 
(lemon X lime), citrsuige (tnfohate orange X sweet orange), citrange- 
quat (citrangeX kumquat), citrangedm (citrangeX Calamondm), 
hmequat (lime X kumquat) , tangemon (mandarm X lemon) , tangor 
(orange X mandarm) , orangelo (^apefnut X orange) , oramon (lemon 
X orange), lemelo (^apofruit X lemon) , lemon Xgrapefrmt, lemon 
X citron The hybrids are so numerous and varied that naming 
them IS becommg a problem in itself 
In connection with breedmg work, several techmeal problems are 
bemg studied, especially polyembiyony (the asexual production of 
embryos) and the inhentance of disease resistance 

Subtropical Fruits Other Than Citrus 
While many of the subtropical fruits important m other regions, 
such as the loquat, jujube, cherimoya, granaddla, jaboticaba, and 
white sapota, are relatively unimportant m the dietary and agn- 



146 


YEARBOOK, 1937 

culture of the continental United States, others, such w the pineapple, 
fig, olive, avocado, and date, are the basis of established industries; 
and still a third CTOup, including the mango, papaya, lychee, and ^ava, 
give promise of taking rank with those already firmljf established. 
Most of those in the first group are adapted to one section or another 
of the United States, or to Hawaii, the rhilippines, Puerto Rico, and 
the Canal Zone. With practically all of these fruits, breeding work 
and genetic studies are only at their beginning in this country, though 
there are some extensive and valuable collections of germ plasm made 
by such farsighted plant explorers as David Fairchild and Wilson 
Popenoe and their coworkers. Though the areas of po^ible cultiva- 
tion are limited, interest in several of the subtropical fniits is growing, 
and with it the need for superior forms achieved tlu-ough breedmg. 
The raw material is fascinating in range and variety, and breeders 
are sufficiently well acquainted with it to have worked out techniques 
and determined the desirable objectives in considerable detail. 

Fig growing is now the basis of a sizeable industry in Califorma 
and Texas. Smyrna fig culture in California did not get mto its 
stride until the discovery, at the end of the last century, that a small 
wasp, which makes its home in the inedible capnfig, is necessary for 
the pollination of quite a different type, the Smyrna fig of commerce. 
Improvement of figs — ns of most other subtropical fruits — since that 
time has been largely by introductions from abroad and the selection 
of superior strains. However, hybridization has been conducted in 
California since 1922, and of some 4,000 hybrid seedlings that have 
fruited, several have been found with desirable characteristics. In 
Texas, hybridizing was started in 1935. 

Avocado breeding is in the fortunate position of having a rich col- 
lection of varieties brought in by Wilson Popenoe and some of the 
early pioneers, available for hybridizing^ to obtain combinations of 
resistance to low temperatures, high quality, long range m marketing 
season, and other superior characteristics. These varieties are being 
intensively studied and several worth-while selections have been 
made. Although hybridizing has only begun, some excellent hybrids 
have abeady been secured and the future looks promising 

Thousands of date offshoots have been brought into the United 
States by the Department of Agriculture and others, totalling over 
140 varieties, and of these some 16 varieties are now important in 
Arizona and California and many varieties are imder test in Texas. 
Date breeding is an extremely slow process. Methods of controlled 
pollination have now been worked out, but progress so far has been 
by mass selection. 

Pineapple growing has been revived in Florida since 1933; it is 
extensive in Hawaii, and fairly extensive in Cuba and Puerto Rico. 
Hybridization has been begun by the Department; some work is 
bemg done in the Philippines; but most of the breeding work is in 
Hawaii, where promising results are being secured. 

The papaya, a “tree melon”, is coimted an outstandingly fine fruit 
by those laii^ar with the best varieties. Florida seems best adapted 
to papaya culture in the United States, though the fruit is grown in 
California and Texas also. It is very important in the metaiy in 
Hawraii, the Canal Zone, and the Phihppines. The Department has 



introduced many strains and related species, and a breeding project 
IS now m progress Breedmg work is also bemg done in Hawau, the 
Philippmes, and the Union of South Africa 
The mango, one of the oldest of cultivated fiuits, with a flavor 
somewhat liko pmeapple and apncot combmed, is grown m Florida — 
where over 200 mtroductions have been made by the Department, 
mcludmg more than 60 varieties and a number of related species — 
as well os m the island possessions of the Unitetl States No method 
of controlled poUmation has been worked out but selection of superior 
seedhngs holds considerable promise, and it is now bemg practiced m 
breedmg for disease resistance and other charactenstics 
Miscellaneous subtropical fruits with which little breedmg work 
has as yet boon done in this country include the olive, persimmon, 
pnnadula, guava, feijoa, jabotuaba, pomegranate, juiubt lyclice 
loquat, white sapote, and cherimoya All have possibilities for im- 
provement and some are exceptionally interesting 

Nuts 

Until recent years there was practically no attempt to develop 
bettei nut tiees by controlled bieedmg Nature s products usually 
seemed quite good enough There is not much breeding work under 
controlled conditions today, but it has been started, and though the 
work has many difiGiculties, it also has very mvat possibilities for those 
with the mchnation, the time, and the facilities to carry it on 
Chestnut breedmg became a pressmg need because the Amencan 
chestnut, a magnificent tree charoctoristie of large forest aieos m the 
eastern Umted States, was practically killed out by chestnut blight, 
a disease from the Orient that first appeared on Long Island, N Y , 
m 1904 Some hybridization of Amencan and European chestnuts 
had been done before the blight appeared, but the hybrids were 
doomed because both parental species are highly susceptible The 
Japanese chestnut tree is quite resistant, but the nuts lock flavor 
Much more promising is the Climese chestnut (first extensively mtro- 
duced mto the United States m 1907), which is highly resistant to 
blight and produces a nut as laige as the European and often as fine 
m quidity as the Amencan Present selection and hybndization 
work, therefore, is practically confined to the Chmese chestnut, with 
consideration being given to the Japanese The Department and 
the Illmois station are engaged in tms work, as are several pnvate 
breeders No vanaties have been officially released by pubhc insti- 
tutions as yet Chestnut bhght will qmte probably be overcome by 
breeding and it is not impossible that another major enemy, the 
chestnut weevil, will also be overcome 
Commercial filbert growmg is confined to a r^on m the Pacific 
Northwest, particularly the Willamette Valley of Oregon and parts of 
western Washington naturally adapted to the superior filbert varieties 
of two European species (Barcelona, Du Chilly, Daviana, White 
Aveline are well known hortacultural vaneties of these) In the east- 
ern Umted StatM these European filberts are handicapped by a fatal 
blight, which spreads to them from the Amencan species, and by lack 
of wmter hariffiness A few somewhat supenor Amencan vaneties 
(Rush, Littlepage, Winkler) are available for growing m the East, but 
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the breeding problem here is one of developing hybrids with resistonce 
to disease and cold. In the Pacihc Northwest, the problem is to 
develop filberts commercially and culturally superior to those now 
grown There is a good sujmly of breeding material, and work is being 
actively carried on bj the Department (at Boltsville, Md., and Cor- 
vallis, Oreg.), the Minnesota station, and the New York station at 
Geneva, as well as by several private breeders 
The breeding of pecans, the most important nut of the hickory 
group, is somewhat confused by existmg imcertainties as to the sizes of 
nuts wanted by the market. The shelled-nut market wants very 
small pecans, and there is doubt as to whether they can be grown 
profitably e.xcept in uncultivated forest groves. The one-time de- 
mand for veiy large pecans has steadily diminish^, so that breeding 
for extra size no longer seems desirable. In addition, most of the best 
of the older varieties of pecans proved to have so many drawbacks 
that the nuts are no longer marketed by varieties (as are apples and 

E ears^ but the vaneties are blended Nevertheless, selection and 
vbndization proceeds with certain definite objectives — hardiness 
(for northern pecans), disease resistance, fruitfulness, si/e of nut (at 
present a compromise), shell thinness, shellmg quality, kernel quality. 
The work of the Department is divide regionally; the Illinois Station 
is carrying on a selection project, several private breeders are active; 
and pecan breedmg by selection is being conducted in Now South 
Wales and in Me.\ico. 

Hickories other than pecans have received very little attention from 
breeders— the market demand is too limited Nature has accom- 
plished considerable hybridization between the various species (pecan, 
shagbark, shellbark, bittemut), and trees of some hybrid forms are 
available commercially. Hickories superior in thmne.^ of shell, 
cracking quality, and flavor would fill a real need. A limited amount 
of selection work is being done by the Department of Agriculture, the 
stations in Illinois, Ohio, and New York (Geneva), and private 
breeders. 

Breeding the Persian walnut (called Knghsh walnut because it first 
came to tliis country from England) has largely been confined to 
selection, wliich has about reached its limit of practicability. The 
next step is hybridization to develop varieties resistant to blight and 
possessing greater fruitfulness, superior hardiness, better cracking 
quality, and superior flavor. Such work is being conducted by the 
Department, the Minnesota and Now York ((leneva) stations, and at 
least one private breeder. Selective breeding is being done in Mexico 
Selective breeding with the extern black walnut is being conducted 
by the Department, the Illinois, the Minnesota, the Ohio, and the 
New York stations, and many private breeders. Similar work with 
the Japanese walnut (much like the butternut) is being conducted by 
the Connecticut station and several private breeders. The Depart- 
ment is now starting a project to create a form of walnut unlike any 
now existing by crossing the Persian walnut with the butternut for 
hardiness and flavor, then with the eastern black walnut and the 
Japanese walnut for sturdiness and fruitfulness of tree. 

Almond breeding is being systematically carried on by the Depart- 
ment in cooperation with the California station at Davis, with the 



SUMMARY 


149 


objective of combining m a few new and defimtely supenor vaneties 
as many as possible of the supenor characteristics of the existmg 
varieties If this is successfully done, Amencan almonds should not 
only dommate the Amencan market but have a place m foreign trade 
Practically no breedmg work has been done with the pistache nut 
(adapted to hot, dry regions), though it deserves attention Tlie 
tung tree, the nuts of which furnish a valuable oil that dnes more 
rapidly and is more resistant to water than hnseed oil, was mtroduced 
mto this country from Cbma by the Department of Agnculture m 
1906 The Flonda Station began hybndization work m 1929, and the 
Georgia Station began selective breedmg m 1933 

Very httle genetic analysis has been made with nut trees, but a 
good deal of valuable teohnical work has been done on pollination 
technique pollen viabihty, receptivity of the stigma, fertilization and 
mcompatibility Flowers 

The enormous number of our named varieties of flowers has re 
suited from generations of bieedmg effort on the pait not only of com 
mercial growers but of untold numbeis of amateurs fiom every walk 
of life Ihere are 15,000 vaneties of loses alone, 8 000 vaneties of 
tulips 7,000 vaneties of dahlias, 7,000 vaneties of narcissus Many 
of these are romantic m ongm and testify to the deep love of the 
breeder for his work 

Yet most of this work has been unscientific in nature, and too much 
of it still IS h lower breodeis, both amateur and professional, have on 
the whole had only a slight acquamtance with the modem science of 
genetics, which has played so important a part m the breeding of the 
more important food ciop plants They pioceed by tnal and error 
methods and wait for the breaks, and the result is much waste of time 
and effort, and the persistence of practices that cannot bnng the 
expected results Modem genctus goes out and makes the breaks 
The time has come when those mterested m breedmg flowers should 
go to some trouble to study the facts and theories of heiedity devel 
oped smee Mendel s paper was rediscovered m 1900, and to master 
the technical methods that have revolutionized othei fields of plant 
breedmg Genetics has a vast amount to contribute to the improve 
ment of flowers, though piofessional geneticists have paid relatively 
httle attention to ornamental plants except as these have been used 
as laboratoiy material for the study of theory 

Flowers differ m their requirements for jpollmation, depending on 
the structure of the flower parts and on different degrees of self- and 
cross-stenhty Emasculation (removal of the anthers) is quite com 
monly necessary m cross polhnation, and the baggmg techmque must 
frequently be used to prevent contanunation with unwanted pollen 
The older method of improvement was by selecting supenor plants 
from a large mixed mass, it is still widely used, but it is slow and very 
limited compared with later methods Then came hne breedmg, or 
selection from the progeny of a single plant Hybndization, the most 
important method m plant breeding today, will probably be used 
more and more with flowers but what some flower bleeders fail to 
realize is the necessity for contmuing the breedmg work after the first 
hybrid generation, to provide segregating groups with different com- 
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binations of parental characteristics; and also the necessity for keepinf^ 
the right kind of records. Unusual plants produced by gene mutations 
or by variations in the number, structure, or behavior of chromosomes 
are sources of valuable material, and some of the newer methods of 
artificially bringing about those changes seem promising for the flower 
breeder. This emphasizes the need for an understandmg of chromo- 
somes, which has contributed definite practical results — notably, for 
example, in the case of double-flowered stocks — and will contribute 
much more. 

Representative flowers considered are the amaryllis. China-aster, 
canna, carnation^ chrysanthemum, dahlia, gladiolus, hemerocallis, 
iris, lily, nasturtium, rose, snapdragon, double-flowered stock, and 
sweet pea. Some of these have a rich historical background ^d 
several have been subjects for much patient selection and hybridiza- 
tion In two cases — the China-aster and the snapdragon — breeding 
has been responsible for the development of forms resistant to de- 
structive diseases. In all cases there are as yet untouched opportunities 
for improvement through better breeding methods, a closer study of 
inheritance and cytology, or the use of germ plasm not yet incor- 
porated into our cultivated varieties 

Miscellaneous Forage anb Cover Crop Legumes 

Among the Cmdcrellos of the plant world are many humble le- 
gumes — relatives of our common peas, beans, alfalfa, and clover- that 
are valuable for soil building and conservation because they wdl thnve 
where better-known crops fail, and they enrich the soil with nitrogen. 
Some are known as weeds, some have been grown by farmers hero and 
in other countries both for forage and for human food. Not much has 
been done to study the adaptability of these plants to special condi- 
tions or to explore the possibility of improving them by_ breeding; but 
as this eountiy passes out of the laige spendmg stage in agriculture, 
they will be given more attention. Their use is Uko having a savings 
account in the bank. 

A few of these plants are already of considerable value. The cowpea 
is extensively grown, a large number of varieties are recognized, and 
some State stations as well as the Department have carried on breed- 
mg work with it At least one outstanding variety, the Victor- 
resistant to wilt and nematodes — ^has been developed by controlled 
hybridization, and others have resulted from selection. The field 
pea, also widely used, has given good results with selection and is now 
the subject of breeding programs by the Department and by the 
Geoi^, the Alabama, and the Tennessee stations. The velvetbean 
is a leading legume crop in the Southeast: several superior varieties 
have resulted from selection over a period of years, and a brooding 
program with this crop would probably bo profitable. A large number 
of species of vetch are in general use, and the Oregon station, coojwr- 
ating with the Department, has led in developing improved varieties. 
The lespedezas or bush clovers, invaluable m southern agriculture, 
have recen^ been receiving considerable attention. New varieties 
have been introduced from Japan and Manchuria, and the Depart- 
ment has been canying on active selection work, but the possibilities 
are by no means exhausted as yet. The bur-clovers are grown to 
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some extent and have received some attention from breeders, but the 
species has rich possibihties not yet explored Battlebox (crotalana) 
IS a new forage plant m the Umted States, and the Department, 
cooperating with the North Carolina, South Carolma, Georgia, and 
Flonda stations, has been selectmg early varieties Kudzu and the 
peanut are grown as forage crops, but no breeding work has been done 
with them from this standpoint 

Among the completely or almost completely neglected legumes, 
some of which undoubtedly have potential value m the Umted States, 
are the milk vetches for and conditions beggarweed or tick trefoil, 
bonavist, long grown m Afnca and Asia the chickpea, fenugreek, 
giown to some extent m California, the grass pea and guar, both used 
in India for animal and human food, kidnevvotch, the subiect of 
breedmg programs m Wales and Denmaik ImIvs, commercially im- 
portant m Europe and Australia, lupme, now being bred by German 
and Russian workers, the pigcoiiMa, a \ahiable legume m tropical 
countnes, samfom, long grown m Europe serradeUa, used m Luiopo 
on acid sandy sods, Sesbanm, adapted to wet sods in the South sidla, 
used in Europe and Australia 

Interestmg technical studies with some of these plants, both m the 
Umted States and abtoad, have helped to develop fundamental 
facta useful m breedmg 

Miscellaneous Grassis 

Man lives largely on grass liis grams are grasses His meat and 
mdk are transformed grass, m the Umted States, grazing lands furnish 
nearly half the sustenance of livestock In aaaition, glosses are of 
great importance m reduemg erosion and mamtaimng sod fertdity, 
and this coimtry spends ovei $100,000,000 a year on pnvate lawns, 
and some $90,000,000 on tuif for other purposes Systematic efforts 
to improve grasses by breedmg are therefore of major importance In 
the Umted States these efforts with the miscellaneous grasses are rela- 
tively new, many State projects were begun not more than 6 years 
ago — though sporadic work has been gomg on for a long time— and it 
IS too early to expect results The work is older m Canada, the British 
Isles, New Zealand, Australia, Sweden, Germany, Denmark, and 
probably more has oeen accomplished at Aberystwyth, Wales, than 
anywhere else But modem genetics proves that plants must be 
bred for specific environments We shall have to solve our own 
grass-breeding problems 

The sources of breeding material are as wide as the world, for each 
region, from desert to swamp, from the Arctic to the Equator, from 
mountam to sea beach, has its pecuhar grasses, adapted to persist 
and thrive there The number of grasses developed under these 
varied conditions is extremely laige and the range m charactenstics 
correspondmgly great Long ago the migration of grasses to other 
regions b^an South American cattle hve on forage grasses that 
ongmated m tropical Afnca, cattle m the Com Belt on grasses from 
Europe The United States todav may be divided mto six regions 
from the standpomt of climate, and. the major typos of grasses m these 
regions mto rune broad groups — Kentucky blu^rass, Canada blue- 
grass, and timothy, the redtop and bentgrasses, orchard grass and 
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tall oatgras^ Bermuda, Johnson, and Dallis grasses; carpet, Napier, 
Bahia, and Para grasses; awnless bromegrass and crested wheatgrass; 
native short grasses and prauie grasses; slender and western wheat- 
grasses; Sudan, reed canary, and other grasses. 

What are the needs and possibihties for improvement by breeding? 
Shy seed production handicaps the use of many valuable grasses. 
Diseases play havoc in certain regions and with certain types. Some 
exccUont grasses are not aggressive enough in growth to maint^ 
themselves in competition with other plants; others are too aggressive 
to make possible the maintenance of desirable le^mos in mixture. 
Some are not vigorous enough in renewing growth after grazing or 
cutting. For Mme pasture and range uses increased longevity is 
needed, and this may be laigcly affected by drought resistance and 
winter hardiness. Greater ability to thrive in wet and in saline soils 
is very important in some places. Some good grasses would be more 
useful if they were more palatable to livestock and had higher nutritive 
value. In turf grasses, texture, ability to withstand hard usage, and 
uniformity are of major importance. On all of these eight counts 
there are sufficient variations witliin the best-adapted types to rive 
promise that breedmg by selection or hybridization would accom^ish 
improvements. Already, selective breeding work in the United 
States has furnished improved now str^s, either introduced or soon 
to be ready for introduction, of Washington and Metropolitan bent, 
velvet bent, highland reed canary grass, tall fescue, toll oat^ss, 
Bahia grass, tift Bermuda grass; and in Canoila, of slender i^eat- 
grass, created wheatgrass, bromegrass, and orchard gross. Twenty- 
three additional improved strams in Canada are bemg increased for 
more extended trials and distribution. 

The manipulations in grass pollination by controlled methods are 
often as fine as jeweler’s work and must be performed under a magnifier 
or microscope. Ingenious techniques have been developed, and much 
study has been given to flowermg habits, to the question of self 
sterility, and to chromosome behavior, especially m wide crosses 
There has been little work as yet on the mode of mhoritance of 
characteristics. ™ 

Timothy 

Timothy, the most important of the agricultural grasses, was first 
cultivated in North America, though it is of European origin. It 
received its present name, presumably, from Timot% Hansen, who 
introduced it into Maryland from Now England or New York about 
1720. In 1929, one-third of the total acreage in hay in the United 
States was all or part timothy. It is also widely used in pastures, 
being one of the most palatable pasture grasses to livestock. 

Varieties and strains of timothy differ rather widely in earliness or 
lateness of maturity, length and degree of fineness of stems, width of 
leaves, tendency for the leaves to remain green, resistance to the 
principal timothy disease (rust), and in other ways. These variations 
are the basis for breeding improved kinds. The objectives of breeding 
programs include rust resistance, increased productivity, early varie- 
ties for the South, late varieties for the North, varieties adapted for 
hay production when grown in mixtures with clover or alfalfa, and 
varieties especially suitable for use in pastures. 
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Timothy is normally oross-pollinatecl, so that most of it Ls quite 
hybrid in make-up. Methods of breeding include repeated selection 
among open-pollinated strams, and also some self-pollination ami 
crossing of inbred Imes. 

Up to the end of the last century, timothy was timothy; there were 
no unproved varieties, as thei-o wei-o of wheat, oats, and other grams. 
In 1889, Willet M. Hays pioneered in making selections of timothy 
plants at the University of Minnesota, for incieased producthity and 
a longer harvesting season. Tn 1894, A. T. llopkms, a well-known 
entomologist, began making selections and continueil the work for 
several years. Hopkins haa a notable faculty for arousing enthusiasm 
in others over the possibilities in timothy miprovemcnt. 

After 1900, timothy brccduig was started at Cornell Universitv 
and is still being earned on there. An eaily and a late vanety, both 
somewhat nist-resistaiit, have been pi-oduced, and a number of 
technical studies have been completed. Other stations that ha\e 
had timothy breeding programs mclude those m Iowa, Minnesota, 
Pennsylvania, Kentucky, New Jei-sey, and Wisconsin. Some breecl- 
ing work was conducted by the Department from 1899 to 1909, and 
thereafter it was earned on more mtensi\ely in cooperation witli 
the Ohio Station. The outstanding •x ariety dex eloped fiom this work 
is the Huron- -late, leafy, nist-resistant - released in 1933. 

Abroad, several >arieties with regional adaptation ha\o been de\ el- 
oped at Svalof, Sweden, and at the Welsh Plant Breeding Institute, 
Aberystwyth, Wales. Notable among Welsh dc\ elopments were 
low-grown^ types that root at the nodes, exiiecially suitable for 
pasture. These have been trieil only to a xcry limited extent in 
the United States. Timothy-breeding work has also been carried on 
in other European countnes 

Technical studies with timothy include biometrical analyses of 
yield tnals, determinations of chimnosome numbers, seed production 
under sclf-pollmation, self-steiihty, and effects of selfing on \igor, 
yield, disease resistance, and other characteristics. 

Alfalfa, which means “best fodder” in Arabic, is very old. One 
writer has suggested that it was the “grass” on wliich Nebuchadnezzar 
fed when he was drixen into the fields. It w'as fed to sleek chariot 
horses in ancient Rome. The Spanish conquerors of Alexico and 
Peru took the Indians’ gold but brought them alfalfa seed. Forty- 
niners, sailing to Califoniia aroimd the Iloni, picked up some Chilean 
alfalfa and took it with them. It soon spread to other Western States. 

It did not wmter well in the North. But in 1857 Wendelin Grimm, 
a German immigrant, brought alfalfa from his homeland into Minne- 
sota. For 50 years he stubbornly and patiently saved seed from 
plants that survived the winter. In the end, he had the one hardy 
alfalfa. Subsequently, experiment station workers mode Grimm 
all^a famous. . i. 

This was both a boon and a drawback. Gnmm alfalfa was so 
satisfactoiy that there was little incentive to develop other improved 
varieties. Nevertheless, between 1903 and 1915 a number of State 
and Federal workers were busy breeding alfalfa, and they did some 
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interesting work introducing varieties that are now standard — 
though the limitations of the methods they usetl were not then fully 
understood. This work was stopped by the World War, with its 
enmhasis on food crops rather than feed crops. 

^me years later, stands of Grimm and other alfalfas began 
to die out prematurely and alarmingly, first in Iowa, Kansas, and 
Nebraska, then in other Midw'estem States By 1926, Federal 
workers traced the mysterious destruction to the onanism now 
known as the insidious phytohionas — Phytomonas inaidiosa. Today 
it costs farmers several million dollars a year in lost alfalfa crops 
and expense of reseeding. Tliis catastrophe put pressure on breeders 
to see what they could do. 

Plant explorers of the Department have scoured the earth for 
alfalfas, bnn^g back a thousand different strains. None proved 
to be very resistant to the disease except some from Russian Turkistan, 
northern India, western China, northeastern Iran. The chief problem 
in the present breeding program, then, is to combine the resistance 
of these strains with the good commercial qualities found in Grimm 
and other American alfalfas Dovetailuig with this is another 
problem of developing strains especially well adapted to various 
broad regions in the United States Other desirable objectives 
include heavier seeding, better forage quality, suitability for grazing, 
insect resistance, drought resistance, and lugher protein content. 

For a concerted attack on these problems. State and Federal breeders 
have recently organized the Alfalfa Improvement Conference, to 
insure close cooperation between all the workers concerned. 

Work has been done on breeding technique; correlations between 
various characteristics in alfalfa; hybrid vigor; inbreeding and its 
effects; the possibility of making species crosses; and segregating and 
purifying strains for disease resistance and cold resistance, with the 
object of recombining them The general genetic behavior of alfalfa 
has been explored, but little has been done on the inheritance of 
specific characters Recently a number of workers have been inter- 
ested in the cytologicnl study of the plant. 

Soybeans 

111 the Orient sojrbeans have been grown since time immemorial, 
and it has been said that some oriental countries could not exist 
without them. The plant was introduced into the United States 
(Pennsylvania) as early as 1804 Since 1890 most of the State sta- 
tions have exporimeitted with it, but it aroused comparatively little 
enthusiasm until the last few years. In that time its rise has been 
dramatic. Acreage has increased 1 10 times in 28 years, seed produc- 
tion 13 times in 15 years. The United States is now second in seed 

g reduction to Manchuria, though still far behind that “Land of 
leans.” 

The reason for this phenomenon is to be found in the versatility 
of the soybean. Every part of the plant is useful, and a tabulated 
list of uses takes up a page of fine print. Forty-five oil mills in the 
United States are now crushing soybeans; 40 concerns are manufac- 
turing soybean food products; 75 factories are turning out industrial 
products made from soybeans 
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Altogether, tlie l^epartmcnt of Agncultiire and State stations 
have brought in some 10,000 selections for testing and experiment. 
Thirty-two stations and the Department are engaged in breeding 
work. About 100 varieties have been introduced for commercial 
growing since 1894 Yet the breeding work is only at its beginning, 
for several reasons 

The soybean is veiy particular in its local rciiuircments. This 
means that special varieties for each kiiul of use bave to be developed 
for each separate remon or locality This has long been done in the 
Orient. The uses themselves demand quite distinct characteristics 
Thus beans grown for oil should have a high oil content and a high 
ioiUne number, which is associated with good drjdng quality. The 
lecithin content of the oil is also important for some indiistnal uses 
Beans for certain industrial uses should have a high piotein content 
Beans grown for food protein should be high in the three amino acids, 
cystine, tiwptophane, and tyrosine. Those giown to be cooked as 
dried whole beans should be tender and of excellent flavor. Those 
grown for use ns green shelled beans must be especially adapted to 
this purpose. Ami so on. 

Progress has been made in developing varieties for local use that 
meet these needs. But there is much still to bo done. The breeder, 
however, has a wealth of matenal,an«l the measurements and tests 
already made indicate the rango of somo of tho charactcnsfics among 
different varieties. Oil content, for example, ranges from 12 to 26 
percent, iodine number from 118 to 141, protein content from 28 
to 56, lecithin content of the oil from iVt to 3 percent; the percentage 
of tho amino acids mentioned varies over a wido range. The breeder 
can chooso and combine, build up this, reduce that. Diseases are not 
yet a serious factor w ith soybeans in this country, but it is know n that 
resistance to several discuses varies also, and when that complication 
enters he has some infonnation on A\hich to proceed. 

The soybean is a self-fertilized plant, and artificial crossing is 
difficult and tedious. Hybridization, however, offers the best means 
of combining desirable characteristics and gf*tting a wide variety of 
segregates from which to make selections. The inheritance of a good 
many characteristics of the flower, stem, leaf, and seed has been 
worked out, and a beginning at least has neen made in mappmg the 
location of a few genes on the chromosomes 

Ci4n ER 

The ancient belief that clover brings luck has proved to bo abund- 
antly true for agriculture. First grown ns a cultivated crop in the 
sixteenth century, its use became the foundation for good farming 
practice. It is at once food for the land and food for animals. Sys- 
tematic improvement by brceiling, a recent development, is bemg 
carried on in several countries. .... . , 

Natural adaptation has been the prime factor in develqpmg regional 
strains of red clover — the most important of the clovers in the United 
States — that differ in productivity, winter hardiness, and disease 
resistance. For several years, these regional strains have been closely 
studied by the Department in cooperation with the Kentucky, Ohio, 
and Iowa stations, partly to determine regional needs, partly to dis- 
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cover superior plants that may be used in breeding. Broadly, the 
chief objectives for the three red-clover regions of the humid eastern 
United States are: Southern — disease resistance, especially to anthrnc- 
noM; central — disease resistance and ssinter Imrdiness; northern — 
ability to withstand a long penod of winter dormancy. In addition, 
powdery mildew, the potato leafhopper, and the clover root borer are 
clover enemies in all regions 

So far, anthracnose-resistant strains have been developed by the 
Tennessee and Kentucky stations, and the Department of Agricul- 
ture has during recent years cooperated in improvement of the strains 
developed by the Tennessee station many years ago. Lines resistant 
to powdeiy mildew have been dcvelopea in cooperation with the 
station in Wisconsin Other developments are in progress in cooper- 
ation with the Illinois Station; and the stations in Minnesota, Penn- 
sylvania, Tennessee, Indiana, New Jersey, and Idaho have red clover 
breeding programs under vay. Abroad, neaily all European coun- 
tries, and Australia and New Zealand, are doing breedmg work with 
red clover, and in several of these countries superior strains have 
been introduced Selection from natural stocks lias played a large 
part in improvement programs, but the isolation of self-fertile lines 
and controlled crossing are also used. The Welsh Plant Breeding 
station has carried on important basic studies. 

There has been no breeding work with white clover in the United 
States, but work has been done in New Zealand, Denmark, Sweden, 
Finland, and Wales. Crimson, alsike, subterranean, berseem, and 
Persian clovers have not been bred in this country, though some of 
them have received attention abroad 

Sweetclover, which vas classed as a weed a few years ago, has had 
a phenomenal rise in popularity and now holds an honomble place in 
the agriculture of the north-central r^on and the Great Plains 
States, as weU as in several foreign countries Several varieties, 
resulting from selection and introduction from abroad, have been 
introduced by the Department of Agncultuie, by several State sta- 
tions, and by individuals Canada leads in systematic breeding, and 
work is also in progress in Wisconsin, Minnesota, Kansas, Washing- 
ton, Texas, Nebraska, Illinois, West Vii^pnia, and Idaho, as well as 
in the Union of Soviet Socialist Republics and in Germany. One of 
the cliief objects in all breeding studies is the development of strains 
low' in coumarin, since the presence of coumarin or of closely related 
substances appears to make spoiled sweetclover hay to.\ic to livestock 
and lowers the palatability of the green plant. So far, the results in 
this direction are promising. 

Studies have been made of fertility and sterility relationsliips in 
clover that have cleared up misconceptions, and pollination tech- 
niques have been developed There have been some cytologic^ 
investigations and genetic analyses, especially in sw'eetclover. 

Hops 

Beer is made with hops, water, malted barley and other cereals. 
The hops supply lupulin (resins and essential oils) w hich ^ves the beer 
its characteristic flavor, and taimins w'hich help to clear it Thus hop 
growing is vital to the brewing industry, though unfortunately for 
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growers, a small quantity of hops makeo a {Treat deal of beer In 
Europe hop growing goes back at least to 708 A 1). Kings who liked 
hopped beer sometimes compelled farmera to grow hops by law: tliose 
who preferred beer without hops forbade fnnnei-s to giw them 
Kings of the latter type were apparently m the mmoiity, and in 
Europe much effort was de\oted to improving hop vanotics 

The hop is a peculiar bpecies. It is a perennial vine, grown on poles 
or trellises, amf eAtremefy sensitive to sun, wind, heat, ram, insects, 
and diseases Male and female flowers ai‘e borne on separate plants, 
though it is not unknow n for a plant to change its sex, sometimes more 
than once The hop of commerce is something hke a fir cone but moi e 
pape^ and fragile, and it is borne only on the female plant. Fertiliza- 
tion is not necessary for the development of the hop, but the cone 
bears seeds only when the flowei-s aie fertilizeil. 

Commercially hop vines are ropoduced by cuttings, like sugarcane 
and some other plants Since the seed is always a product of cross- 
fertilization, the plants are of hybrid oii{cin genetically, and seeds from 
the same mother will produce many dilfeicnt types It is chiefly from 
these diverse seedlings that hop breeders get their raw material for 
superior selei'tions. Hop breeding presents some copeciallv knotty 
problems and has some difficulties similar to those of animal oreeding. 
Because the male plant bears no cones, it is uncertain just what it 
contributes to unjirov enient, even when controlled pollination is 
practised so that the nature of the male parent is known. 

Breeding work in the United States is relatively new. It was 
started by the Deiiartnient of Agriculture in 1900, but later the World 
War discouraged and prohibition fimshed it Now, however, it is 
being continued again m coopeiiition with the Oregon station The 
chief objectives are increased yield, favoiable penods of matin ity. 
resistance to several diseases, especially downy mildew, the bane of 
growers in v arious sections, and quality, an clusiv e character depend- 
ing on type, color, soundness, and lupulm content. Of these, only 
the amount and (luality of lupulm can be accurately measured by 
laboratory inethoils The importance of quality may bo better under- 
stood from the fact that at present brewei-s in this country freiiucntly 
imx some European hops with their Aiiiencan-grown hops and usually 
pay a high prenuum for hops from Gcriiinny and Bohemia 

Thus far the breeding progium m tho United States has been con- 
cerned largely with making a close study of the available raw material 
so that an accurate catalog of plant charactenstics may be available 
It has been nocessai-y to work out techniques for some of tho more 
difficult problems sucli as control of pollination, evaluation of breeding 
methofls, controlled development of the downy mildew disease, meas- 
urement of resistance, and determination of quality. With these 
difficulties on the way to solution, a basis is being laid for future breed- 
ing work. Good results with seedling selection in Europe indicate the 
possibilities, though improved European varieties have failed to give 
comparably good results in this country. Growers on the Pacific 
coast are now very much interested in hop improvement by breeding, 
and the New York (Geneva) station has also recently mitiated a 
varietal improvement project. 
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Forest Trees 

In forestry, genetics is almost a now word, and breeding as it is 
practiced w'lth other economic plants is a virgin field. Economic 
pressure in the wood-using industries and the urgent national need to 
build up forest areas, however, ha\e turned attention to tree breeding 
as a vital part of an intelligent foiest program There is omple evi- 
dence that, like other plants, forest trees differ individually in the 
characteristics that aie of value to man; and the possibility of Wedmg 
superior individuals and populating large areas w itli their descendants, 
as is done with wheat and other crops, is one we cannot escape 
e.vploring. 

Obviously there are difficulties not involved with small, quick-ma- 
turing plants, in many of which pollination is fairly easily controlled, 
and it will take a good deal of study and ingenuity to overcome some of 
these difficulties. The methods and pos.sibihties, however, are funda- 
mentally the same as w ith otlier plants They include a clear formula- 
tion of the type of tree desired for a given use; the selection of superior 
individuals oy extensive testing and observation; establishing pure 
hues where possible; ns much use of vi^etative propagation, by cut- 
tmgs, etc , as possible, to reproduce superior individuals absolutelv 
true to type, the crossing of strains, varieties, species, and genera, both 
to creat new tyjies and to obtam hybrid vigor; a thorough study of 
polyploids — that is, individuals with an increased number of chromo- 
somes in the cells beyond the normal number — as sources of especially 
valuable stock. At present, polyploids are receiv ing special attention 
because these plants with extra chromosomes are so often eharacter- 
ized by unusual size and vigor, but the enlarged cell size m some types 
of polyploids, resulting in coarseness of structure, may prove to be a 
draw’back for many commercial uses 

It need hardly be said that research in the eytologv- of forest trees, 
particularly in cytogenetics, and in the mode of inheritance of char- 
acteristics, should he earned on along with a ]uactical program 
Much work is also needed to determine standards and tests applicable 
in the forest and in the selection nursery 

In every one of these fields, a begiiming at least has been made 
Fairly extensive tests are being conducted to determine superior varie- 
ties and individuals for both re^onal forest requirements and use 
rec^uirements, and these tests include disuse resistance, weather 
resistance, rapidity of growth, and other important characteristics. 
Hybrids, superior in various ways to either parent, have been made, a 
notable exam^e being the creation of fast-^wing poplar hybrid for 
paper pulp Ex-peiiments are being carried on in methods of control- 
lecf pollination and vegetative propagation Efforts are being made 
to devise better progeny tests — ^not an easy matter under practical 
forest conditions — and ways to reduce the time involved ip testing. 
Perhaps the least work is being done in fundamental research in 
genetics; but so far there are very few geneticists in forestry — practi- 
cally none in comparison with other branches of agriculture. 

To other plant breeders the amount of breeding work in forestry 
would seem small indeed, and doubtless quite elementary in nature 
Nevertheless, the foundations necessary for a science of forest genetics 
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are being laid, in the United vStates and m other coiintrica. More- 
over, the forest-tree breeder, challenged as he is by diflioulties, is in 
the stage where he is filled A\ith enthusiasm for the possibilities not 
only of eliminating some of the most costly mistakes of past forestrj- 
practice, but of addmg somothing gemiinelv valuable to nature’s 
own magnificent achievements in creating tiecs useful to man 

Angorv Goats 

The goat performs two useful functions It cleans up brush, 
tliereby saving its oi\ner a great deal of i\ork, and through its diges- 
tive processes, it con\erts the brush into food aiul clothmg for man, 
in the form of milk, meat, mohair, ami skins 

The domestic goat is probably descemlcd from the pasang or Gieek 
ibex of the Near East The long-haireil -ingorn Mas onginallv 
developed by the Turks centuries ago The inst importations to 
Europe were apparently made in the Mxteentli centui-y, and to the 
United States ns late as 1849 South Afru-a, Turkey, and the United 
States are the leading producers today There ni e now o\ er 3 million 
Angoras in this country, and the industrv is coiuentrnted chiefly in 
the Southw est, w ith Texas well in the leatf Of the lo million pounds 
of mohair produced in the six leading States m 193.’), Texas produced 
13 million 

Improvement of the Angora goat has been entmely in the hands of 
private breeders In the range herds, it has been carried on by the 
method of breeding high-gi'ade does to registered bucks that conform 
to the standards of the breed association ^'eI■y little research w ork 
on breeding or genetics has been done bv public institutions The 
Texas station has been the leader m tliis field, and at its branch 
station near Sonora it is now carrving on three actixe projects on 
inlieritanco of type, inheritance of cryptorcliidism or undescended 
testicles, and cytologioal and hybridization studies 

The best present representatives of the breed produce up to 75 
percent more mohair than the average for the country But there is 
a very great lack of unifoimity even in good herds. If further progress 
is to be made, a lesearch program will be needed to work out better 
methods than those now in use to determine on anunars Lnlieritancc, 
and a far better knowledge of the mode of inheiitance of characters 
concerned in the proiluction of good fleeces Research usually pays 
well, but there are many difficulties and complications involved m 
such a program, and it can only be carried on with the active encour- 
agement of the industry. 

Meanwhile certain practical steps might be taken by the industrv 
that would tend in the i^ht direction. Among these would be a 
system of pedigree recording based on production of mohair, with 
certification of the records, as with dairy cattle and poultry; the 
selling of mohair on a quality rather than a w eight basis, to stimulate 
inmrovement of the breed from this standpoint; and the adoption of 
different methods of awarding pn/es at shows, on the basis of get 
of sires and outstanding famihra rather than individual appearance — 
a practice that would Ibe in line with the use of the progeny test, 
which is overwhelmingly important in evaluating breeding stock, 
whether plant or animm 
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Milk Goats 

The milk goat is a handv pocket edition of the cow, and it will 
subsist where the keeping of cows is impracticable. In certain areas 
and under certain economic conditions, it can be an important factor 
in contributing to the fnnuly food supply. The milk is not significant 
ly different from cows’ milk in nutritive value, and goat meat is 
palatable and wholesome The official maximum production record 
m the Unitetl States, made by a Saanen doe, b nearly 7 quarts a day 
for a period of 9 months and 10 days. Average production b veiy 
much under thb, and there b great variability between individuals. 

Efforts to imp^o^e the productivity of milk ^nts in the United 
States, therefore, are north while not only from tne standpoint of the 
present industn’, with its breedmg and dairy investment, but also as 
one method of econonucally rabing the nutritional level of some 
sections of the population. 

In thb country, only two projects have been carried on by pubh’c 
agencies involving research and experiment in milk wat breeding — 
one conducted by the Department, one by the New ^m^ico station. 

The Federal project was started in 1909. It has consbted largely 
in gradmg up conmion American does by crossing and top-crossing 
with registered Saanen and Toggenbiu^ bucks. Progress has been 
slow partly because of tlie ven' small number of breedmg does used. 
However, the average length of the lactation period has been increased 
145 percent over that of the native does, and the avcnige annual milk 
yield by 335 percent. Analyab shows tliat the period of maximum 
production is between 4 and 6 years of age. Index measurements of 
the sires used show marked differences in ability to transmit supenor 
inheritance to daughters. 

At the New Mexico station, native does have been graded up by the 
use of regbtered Toggenbum bucks, and studies have been made of 
the inhentanco of horns anti wattles, length of gestation, prohficacy, 
sex ratio, and the effects of inbreeding and outcrossing on milk pro- 
duction and birth weight of kids. Marked increases in production 
were obtained from the top-cross does, and several does in the herd 
have made creditable records under advanced regbtiy . Line breedmg 
was practiced with three outstanding bucks, the results mdicating 
that it would be w'orth while to continue this as an experimentEd 
procedure. Fertility' in tlie herd was high, 144 parturitions producing 
286 kids. 

Other researches with milk goats include nutritional experiments 
with the nulk and studies on the physiology of milk secretion, includ- 
ing the effect of pituitary extract on lactation. There has also been a 
lifted amount of genetic research on inheritance of horns, wattles, 
short ears, color, ciyptorcliidism, multiple births, and a peculiar 
nervous instability. 

Improvement of herds has been mainly in the hands of private 
breeders and their three re^try associations Considerable progress 
has been made, but more might be done by the keeping of more com- 
plete records; the development of a more extensive recorcl-of-perform- 
ance program; the more extensive use of proied sires through a 
system of exchanges; the elimination of factional tendencies among 
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groups of breeders; and the working out of better procedures for the 
selection of breeding animals. There is a need also for further re- 
search and experiment on the uses of gout products, and for more 
study of the economics of production. 

Dogs 

Doga supplement the brains of men. Their usefulness depends 
almost entirely on intelligence and temperament. No other animal 
serves so many purposes; they are liunters, guards, companions, 
guides, messengei's, herders, detectives, haulei's and earners, scaveng- 
ers, and even, in parts of the world, sources of fur and food. It is 
surprising, then, that so little has been done in the way of systematic 
research m the genetics of the dog, in spite of tlio fact that m other 
fields — physiology, psychology, medicine- work with dogs has helped 
to make possible some major scientific advances of great benefit to 
humanity. 

Scattered studies have fumislied uifoiniation on the inheritance of 
coat colors, which apparently depend on many genes, often with 
multiple effects. Certain characteristics of form and strocture have 
also been studied, including the inheritance of modified secretion of 
the endocrine glands, which has been under inv estigation by Stockard 
at the Cornell Univemty Medical College. Some w ork has been done 
on the mhentance of aptitudes, notably at Fortunate Fields, in 
Switzerland, where German Shepherd dogs have been trained ns 
guides for the blmd and for army and police service. Hero marked 
progress has been niiwle in breeding superior animals by assumuig that 
V oluable chara<‘teristics were controlled by a few major genes. 

In practical breedmg, dog competitions of various kuids have had 
a marked influence, smee persistent vvinnei's at field trials and dog 
shows have a favored position as breeding stock. On the whole, this 
has probably been a good influence in dog bleeding, though from the 
standpoint of sound scientific practice undue weight is given to the 
appearance or performance of the individual animal. Awarding 
prizes and selecting breeders on the basis of a genuuie progeny test 
would put dog breedmg on a soumler genetic foundation. 

In some cases these contests have been responsible for splitting a 
breed in two different directions, one strain being especially adapted 
to perform well in the field, the other bemg notable for show points 
The field competitions — gi-eyhound racing, dog-sled racing, hunting 
and retrieving contests, gJieep-herding contests, obedience trials — are 
of interest as indicatmg certain kinds of measurements that would 
have to be developed in a program of genetic research so that one dog 
mmht be accurately compared with another 

What are the possibilities in genetic research for the future? ^ There 
is little doubt tliat it would help to accomplish nnprovements in dogs 
themselves, especially in the development of types for special pur- 

E . Beyond tliis, however, is the fact that dogs are probably 
r suited than any other ammal for investigations m the inheritance 
of psychological traits. These traits are important in many 
animals; nothing is known about their behavior in heredity. _ The 
Department of Agriculture has recently made a modest beginning in 
an investigation of this sort, using the Puli dog— a sheep dog of 
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Hungary — wluch is being crossed with various other breeds. From 
these experiments it is lipped that worth-wliile information may be 
developed regarding the inheritance of intelligence and certain apti- 
tudes of practical value in do^, the influence of temperament in such 
problems as effective feed utQization, and the possibilities for similar 
mvestigations with other farm animals 

Turkeys 

Before the nineties, this countrv produced turkeys at the rate 
of 1 a year for every 5 persons In subsequent years the blackliead 
disease, scourge of turkey growers, reduced tliU to 1 for every 15 
persons Recently research taught us how more nearly to control 
blackhead, and the number of turkeys has now risen to 1 a year 
for every 6 5 persons But less scientific attention has been paid 
to breeding problems than to those of feedmg, management, and 
disease control. 

Our modem domesticated turkeys are descended from the North 
American or common wild turkey, of which there are five subspecies 
Wild turkeys were apparently domesticated by the American Indians, 
and some of them were taken to Spain as early ns 1498 Several 
European domesticated varieties were developed from this ancestry, 
and some of these were brought back to the colonies to become the 
foundation stock of our six present American breeds — the Bronze, 
the Narragansett, the White Holland, the Bourbon Red, the Black, 
and the Slate The differences between those breeds are largely in 
plumage color. 

Several major objectives stand out as desirable in turkey breeding, 
though little in the ay of coordinated or intensive v oi k has been done 
toward achieving them (1) There is on increasing demand for a 
smaller bird to meet the nwds of the overage familv Hitherto, 
breeding has tended toward inciensed size There is still a demand 
for large birds for hotels, etc , but they now actuallv sell at a discount 
because of the greater demand for smnllei sizes This situation can 
be corrected by breeding (2) There is need foi impro\ ed bodv tviie 
to provide a lai^er proportion of meat to bone, especiidlv on legs and 
breast (3) Birds should be bred to reach niniket iraturitv at an 
earlier age (4) Higher egg production is ilesiiable, especially in 
making possible an earlier and longer laying season, which 'noiv 
covers a maximum of about 6 months (.3) Higher fertility and 
hatchability of eggs are desirable to reduce production cost (6) 
Attention should be given to breeding for lower mortality, whether 
from disease or other causes 

In achieving such ends, use might be made of a breeding system 
based on production records, pedigrees and, progenv tests, such as 
that now used by progressive breeders of chickens There is need for 
more trap nesting and pediOTee recording to serve as a basis for iso- 
lating superior families and oreeding from them. State and Federal 
agencies might well lend the way by developing strains notable for 
viability, quick maturity, and good market quality. 

The small amoimt of genetic research with turkeys at State stations 
has been concerned with tracing the inheritance of plumage colors 
The Department has e.xperimented in making crosses between tur- 
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keys and chickens All the hybrids died as embryos, though one lived 
almost to the hatching state At its range evpermient station in 
Montana, the Department carried on n .l-jeur inbreeding project 
which indicated the possibility of establishing inbred Imcs not uiferior 
to outbred turkevs in fertility, hatcliabilitv, pio«luction, and weight 
of eggs. A similar outbreedmg project was successful in improving 
fertflity, hatchabUity, and pi eduction of eggs, and mnmtammg egg 


There are places along the South Shore of Long Island, N Y , 
where for many miles the air is filled with the quacking of ducks, and 
the creeks and sniall coves are w lute w ith the birtls This is the center 
of the conuneicial duck industry The flocks are all Pekins, which 
arc sold as “green ducks” at the age of 9 to 13 weeks, after a period of 
rapid fattemng Elsewdiere in the country there arc a few commercial 
duck farnis, and ducks are raised ns a side line on farms in every State 
The Pekin is eveiy where the outstanding breed, though the Rouen, 
Aylesbury, Cayuga, and Muscovy are also icpresented among the 
meat breeds ; the Indian Runner among the egg breeds; and the Wliite 
Call, Grey Call, Bla<‘k East India, Mandarin, and wood duck among 
the ornamental breeds 

In the Uniteil States little has been ilone in the way of scientific 
duck breeding Yet the brat commercial flocks are remarkably uni- 
form in the size and quality of the market biids, and remarkably 
efficient in fattening under good management; in 12 weeks they in- 
crease their weight riO times This umfomiity may be in part due to 
the small number of Pekins in the oiiginal importations, from wliich 
nearly all the ducks of this breed are descended As comparei] with 
chickens, the degree of inbreeding would be comparatively high, which 
would tend to make for homogeneity. 

Duck breeders still rely entirely on their ability and experience in 
selection, and haAC not resorted to trap nestmg, progeny testing, and 
the keeping of indnidual peiligreo ami proihiction records. Alass 
matings are used exclusively, and the breeding birds are kept for only 
one laying season, on the ground that young hirds lay earlier and are 
more prolific. These conditions preclude tlie keepmg of individual 
records or the making of individual tests. Expenmental inbreeding 
or cross-breeding is negligible or lacking, though the Aylesbury is 
sometimes crossed with the Pekin in England, and the mule duck, a 
cross of the Muscovy and the common domestic duck, is occasionally 
seen in this country. 

In England trap nesting is practiced with the egg-laying breeds, 
and in the 16 years since individual records have been kept there has 
been great progress in improving egg production. The highest indi- 
vidual production runs over 360 e^ m a year, and there are many 
records of over 300 eggs. In egg-laying contests the average produc- 
tion per pound of body weight w much greater than is the case with 
chickens. 


Ducks offer a >irgin field for poultiyj-breedmg research, especially 
in the inheritance of meat characters, since they are chiefly used for 
meat in this countiy . The same general principles should apply here 
as apply in the case of chickens. Research of this nature, however, is 
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not likely to be undertaken except in response to definite neetls felt 
and expressed by those eoncemed in the industry. 

Fuh Animals 

Breeding and genetic research is important in two ways in the 
conservation and improvement of fur resources. First there is the 
problem of maintainmg tlie wild fur resources of the United States. 
There was a time when this countiy w’as the world’s eliief source of 
furs. Fortunes were made in the fur trade. Partly because of the 
lavish exploitation of fur animals, we no longer supply more than a 
third of our own needs. Meanwhile our demand for furs has increased, 
and httle is done to consen'e the fur animals we have left. An intelli- 
gent conservation policy requires, among other thmgs, much more 
knowledge than we now have of the breeding habits and gestation 
periods of the animals in the wild Studies of the marten made by 
the Bureau of Biological Survey, for example, show that this animal 
has a gestation period of 9K months. This means that under any 
ordinary system of closed and open seasons, it would rapidly become 
extinct; in order to save the martens, it is necessary to prohibit trap- 
ping for several consecutive years. Similar accurate information on 
wild fur animals other than foxes is practieallv nonexistent. 

The second need for research is in connection with the produc- 
tion of fur animals on famis This is a rapidly growing industr.\ 
in which an increasing number of formers engage ns a part-time 
enterprise It is relatively very young, but it has now passed the 
early speculative stage and is setthng down to a healthy basis. In 
1923 the total value of silver fox pelts was less than $820,000; in 1936 
it was over $8,000,000. 

Fox farming has reached the stage where it needs the same kind of 
help from science that has long been mven to other livestock industries. 
There is little in the way of a well-tnought-out or scientifically tested 
procedure in present breeding practices. At the same time, fur color, 
which is the primal^; factor from the market standpoint, lends itself 
particularly well to inheritance studies and genetic analysis A re- 
search project begun m 1928 by the Bureau of Biological Suricy 
indicates what may be done in this direction That study was an 
attempt to find out how the major types- the red fox; the standanl 
silver fox, a mutation that occurred in Canada, the Alaska silver fox, a 
mutation that occurred in Alaska ; and the cross fox, a hybrid between 
red and silver — behave in inheritance. Two pairs of genes, A, a, B, b, 
apparently accounted for these variations in color; and m breeding 
experiments, supplemented extensively from records of matings made 
by fox farmers, this genetm hypothesis worked out with remarkable 
accuracy, so that it was possible to tell, by referring to a genetic chart, 
iust what results any given combination would give in a large popu- 
lation. 

The Bureau is now engaged in a project to determine the inheritance 
of degrees of silvering in the pelts, since this is the fundamental basis 
of market classes. Both studies, however, have been limited by the 
small amount of funds available for such projects. There is need for 
more extensive research on this and other aspects of fur animal breeding 
by public agencies, both Federal and State. 
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Hi !■> 

The mdivuhial boo lia^ sucli a painful iiul dibti u tin^ w ly of in iking 
it3 nirbonal impoitanco foil tli it piobably few of its Mctims b v\c e\ti 
1 eali/ed that in thoLiiitid Stalls bees, iic also tin mitkiisof i 5) 50 
million dollar bcekotping mdiistiy, oi that tlu> give ns uiuch of oni 
food supply by fotih/ing blossoms Both fvets imdiisiou the 
impoitanco of breeding bittii bees 

The bee bi eedei , how i \ ei hasapeiuliii iiid m sonu uspects an 
exieedingly diiluult task loi t\iniple, lu is lonfionttd by it hast 
hvo factoia not iac id by tlu bmdei of otlui f nm inmials (1) Bees 
mito m midair, and until miiitly it w is impossible to mike ion 
ti oiled matings except m in him tit iiii vi ly tliiougb the use ot isolated 
mating yards (2) llio diono is piodiiied by Migin biith ind tlure 
fore rei eives its lulieiit nu e iiitiiely fiom its luotlui (2) Tho dione 
dies immediately altei mating and the qiietii in itis only oiu e m hei 
lifetime, therefoie thiii use in liiu bleeding Ins bitn impossiWe 
(4) The woiker bee, whuh dots the woik ol githtiing ind stoiing 
honey, is not fully dcxtloptd stxually ind tlu it ton einnot be biod 
foi a diiect study ol its inluiit intt, although it dots it times pioduce 
males by \irgin biith (j) Ideiitiru ation of mdiMiluils iiul even 
laees of bees often dtptnds on \oiy snnU points, mIucIi must be 
nitasuied by spnnd nuthods 

As a gioundwoik loi bietding it his btiii mttssuy (1) to study 
sex physiology and funttiomng and (2) to dtxtlop jihisital mensuie 
nients that ean be ustd foi uleiitiheation 

Tho gieatest huidle was passed whtn nuthods wiit do\( loped 
within recent \eais loi aitifiiially insnmniting queens This is 
now done in tliiee w i\s by t iking spurn ito/oi fioni the male 
and introducing tlioni into tlu ft milt with i tiny syiingt by bung 
ing about a compulsoiy luiting bttwitn v qiittii and a tlione both 
held under constiunt oi by itmoving the stx oigans of tho dione 
ind inseitmg them in tlu quttn llit lust two nuthods weit 
developed m tlie Lmlttl Stites, tlu list lu the I iiion of faoviet 
'socialist Republics \1I thin now iiixoht tho usi of i niuioscopo 
ind delicate instiumcnts V Inuitid ippioxim itioii to Init biccdiiig 
may even bo made by leiiioMiig sptiniito/oi liom a ftitili/td queen 
ind introdiKiiig them into i daughtei ot tlu diono iioiii which they 
oiimnally came 

It remama to di \ elop i ttthmqiu toi (ontiolltd in itiiig undci iiiou 
natural conditions 

Progress has also bttn mule m t italogmg ti uts th it will bo useful 
in identifying individuals, tiuiiig tho tftetts ot inhentaiue, and 
measunng colony behivioi 

Meanv^o, without waiting foi tlu iiiictitam ippeiiinee of useful 
mutations or for an exhuistive study of inheutanco, tho bee brtoder 
IS in a position to go ihead tow aid tlu goal of pioducmg a bte better 
adapted to the needs of agiicultiiio He his stveial tiaits available 
in the germ plasm of tlu common black, t iiit isi in, Cainiolan, Italian, 
and Cypnan races that it should be possible to combine— long tongue 
to reach deeper soiiicts of noctai, gtntlcnoss, the tendency to make 
white comb cappings, leluctineo to swarm, itsistance to huiopean 
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foulbrood and to common hive enemies, industriousness, and uniform- 
ity of body markings. 

Some interesting but inconclusive work has been done on the 
ctvology of the honeybee. Genetic research has been scanty, but the 
inneritanoe of some characteristics has been studied, dominance and 
recessiveness has been determined for a few factors, ami a few linkages 
have been worked out It is known that Mendel \\ orked \\ ith honey- 
bees in his effort to determine the fundamental laws of inheritance, 
but unfortunately his notes have been lost 

Fundamentals of Heredity 

Reproduction by moans of sex involves the union of two cells, a 
male and a female, each of which carries a set of chromosomes con- 
tainmg large numbers of genes that determine hereditary characteris- 
tics. For example, vhen two parents with contrasting chanicter- 
istics have been bred pure, the first generation resulting from their 
union has all the chromosomes and therefore all the genes of both 
parents If a plant of this generation is selfed (the closest possible 
mbreeding), the characteristics of the origmal paient mUI begin to 
assort or segr^ate into groups among the offsprings of the second 
generation. The chromosome mechanism is such that all possible 
combinations come together if the number of second-generation off- 
spring is large enough. 

Thus beginning ■with the second generation, most of the progeny 
are not like either original parent but have different combmations or 
groupings of characteristics from both of them. In this wealth of 
new combmations of genes derived from two selected indiMcluals, 
the breeder finds the particular combination he is looking for — or 
something that appro.ximates it. 

The segregation of characteri-stics occurs in definite ratios, first 
discovered by Mentlel They can bo worked out mathematicalli 
from the fact that all possible combinations occur in a large number 
of progeny, but Mendel worked them out by observation and thereby 
found the clue to this fundamental law' of inheritance, 

A knowledge of the segregation ratios gives the breeder the clearest 
possible insi^it into the actual behavior of characteristics in inheri- 
tance, and in addition these ratios are of practical value in a number 
of ways. There are a great many different ratios because the effects 
of dominant and recessn e genes, and various gene interactions, bring 
about many modifications of the basic numbers. The typical ex- 
amples can be readily understood by patiently following, step by 
step, what actually happens in inheritance. 

Other concepts constantly used by the breeder include linkage (the 
location of certain genes in the same chromosome), crossing over (the 
exchange of segments between two paired chromosomes)^ sex linkage 
(location of genes in the sex chromosomes), and mutations. All of 
these help to explain what actually occurs in nature and to define 
what the breeder can expect and what he cannot expect to accomplish. 

Animal breeding does not lend itself to the same kind of neat and 
definite analysis for several reasons (1) Selfing is impossible, and the 
closest inbre^ing does not approach that in plants. (2) More prog- 
eny are required for many genetic analyses than can usually be 
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obtained with aniniola. (3) Alost Miluablo chnnioloiislica in animals 
are quantitative (amount of milk pnidiiml, ote.), and auoli oharaoter- 
istips usually depend on relatively largo mimbem of genes interactmg 
m complex ways. Nevertheless, there is an abundance of proof that 
animal mlientance works lust like plant inheritance, and the basie 
coneopts of genetics hav e been of enormous v alue in clarifying and 
miprov mg animal-breeding methods. Ev en though t he animal breeder 
will probably never be able to make the fine-hpun analyses possible 
for the plant breeder, the newer knowledge of genetics is already 
reflected in animal-breeding practices, and it will undoubtedly make 
for more certam and inoi'e rapid progress, and fewer costly errors on 
the part of those who will take the trouble to understand it. ’ 

Veglt vtiv k Reprod l ction 


When plants are reproduced hy means of cuttings, buds, tubers 
ninners, rattoons, or other vegetative parts, Hie bleeding situation 
IS different than when reproduction is by means of seeds. 

A seed results from the union of two'cells, male and female. Even 
if these come from the samo flower or the same plant, many of the 
male and female cells will contam different chromosomal matenal 
unless the plant has been bred pure so that all its male and female 
reproductho cells have identical chromosomes. The differing chro- 
mosomes will be divided up among the progeny in such a way as to 
produce different types of individuals 
In reproduction by means of vegetative parts, there is no union of 
se\ cells, and each new plant has precisely the same chromosomes as 
the plant from uhioh it came Tt\aot copies of the original parent 
can be reproduced for any miinber of generations Winesap applo 
trees hav e been reproduced by budding or grafting for many gencni- 
tions, and theoretically ovoiy Wuiesap tree today is e.\actly Tike its 
original ancestor of 200 yearn ago Thus hv tho uso of vegetative 
reproduction, all the trouble of “punfying” a strain is elmiinated. 
Even the most ini.xed hybrid reproduces tine to type. AVlien tliis 
method is feasible, then, it is often a valuable short cut, especially 
where it is difficult ns in the cose of many foicst trees— to obtain 
tme-breeding material from seed. 

But occasionally the new individual is not exactly like the parent 
Rarely, there are mutalioiis in one or more genes in a vegetative 
cell, or some unusual behavior of the chromosomes, that make a part 
of the plant different from the rest. Usually this ocem-s only m one 
ease out of several thousand. AVlieii tho new fonn is valuable — as 
has been the ease with some of the biul mutations of tree fniits — it 
too can be multiplied by means of vegetative reproduction. 

On the other hand, this veiy onso of exact reproduction has limita- 
tions. The tnie genetic make-up of the breeding material is neglected ; 
there is no need to know it, ns there is in inbivcding and cross-breeding. 
Yet it is through the diversity of forms brought about by combining 
different chromosomal material that tho modem breeder gets valuable 
additions to our economic plants. If he desires to niake^ planned 
improvements, he must resort to seed production evtn with those 

C * nts that normally are reproduced by vegetative means. This has 
n amply proved, for example, in tlio case of potatoes and straw- 
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berries. By combining chromosomes, the breeder deliberately creates 
what he desires When he uses \(^etathe imitations, he merely 
waits for nature to produce something that \\ill be useful to hma, 
trusting to trained observation to find it. 

Do plants reproduced by vegetative means for many generations 
tend to run out or be weakened for the battle of survival’ This has 
long been a popular belief. It may be said flatly that there is no real 
evidence that running out occurs. Where plants seem to nin out it 
has been found in every case that the deterioration has been due to a 
virus disease or some other definite cause 

Mew Studies in Chromosomes 

By studying the architecture of the molecule, chemists have been 
able to achieve marvelous results in synthesizing nature’s products in 
the laboratory. How far geneticists may be able to go in this direction 
is not yet known, but new advances seem to be foresJiiwlow ed in the 
researches now being made on nature’s methods of juggling chromo- 
somes. Intensive study of the jimsonweed has been fruitful of 
knowledge in this field that may prove to have significant applications 
to breeding work with plants of economic value. 

The present-day Mendelian analysis of inheritance, with its domi- 
nant and recessive traits, assumes that chromosomes go in pairs m 
the body cells It is now known that they do not by any means alv\ ays 

f o in pairs. Rarely, there is only one of each kind instead of a piur. 

lore frequently there are three or four of each kind, or even more 
In some genera of plants, this arithmetical multiplication of chromo- 
somes may run in a regular series, different species being characterized 
by diflferent numbers of chromosomes in the set, though all the species 
in the genus have the same number of sets. This regular increase 
gives rise to what are called balanced chromosomal types, since the 
balance between the sets is maintained in spite of the atlditions 
But there are also unbalanced chromosomal types in which only a 
single set has an extra chromosome or chromosomes added to it The 
balance withm tlie cell is then disturbed ; there is an excess of the mate- 
rial contained in the e.xtra chromosome Sometimes a complete 
e.xtra chromosome or tw'o is added to a set Sometimes tw'o identical 
half-chromosomes are added^ joined togetlier like a worm with a head 
at each end and the tails imssing Sometimes the addition is half of 
one chromosome and the opposite half of a chromosome from a 
different pair, joined together like a head and a tail from different 
worms. And so on. 

Detecting this kmd of jugglery within the cell might be interesting 
but academic if it were not for the fact tliat chromosomes carry the 
determiners of liereditary characters. Careful observation in jimson- 
weed showrs that each of these changes results in specific alterations in 
the characteristics of the plant, both qualitative and quantitative. 
Large numbers of such changes have b^n classified and correlated 
with the addition or subtraction of whole chromosomes or different 
parts of chromosomes. The differences between races of jimsonweed 
m different parts of the world have been found to be due to rearrange- 
ment of chromosome material. In this way new kinds of chromosomes 
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have been produced, which have been used in building up new kinds 
of jimsonweeds Tvpes can be arranged in a regular series, and what 
effects will be produced by deleting or adiiing certain chromosome 
material can be predicted in advance 

From a practical standpoint, tlie significance of this lies in a possible 
increase in the controlled synthesis of plants of desired types It 
suggests a somewhat different operation than that based on the usual 
analysis of unit factors alone. Cytological e.\amination shows that 
many of our most valuable plants are characterized by unusual 
chromosome numbers of one kind or another. Can we repeat these 
deliberately, or bring about new and different additions and sub- 
tractions of chromosome material that mil have sigmficant effects’? 
The experimental production of extrachromosomal types in jimson- 
weed IS promising. Not the least interesting part of it is the fact that 
by suitable laboratory treatment of h\in« cells such changes in 
chromosome material can be made to occur far more frequently 
than they do in nature 

Chronoujgy of Gejibncs 

The modem science of genetics is a fusion of several sciences and 
practices tliat for a long time developed separately — animal breedmg, 
plant breeding, cytology, or the science of tlie microscopic cell, and 
certain branenes of mathematics. If today men not only dare to 
dream of emulating and surpassing nature by creatmg new, improved 
forms of life, but actually do it on an ever-increasing scale, it is because 
they have a rich store of facts and theories on Mhich to base tlicir 
work — facts and theories contributed by patient researchers in many 
countries over many generations 

Both animal ami plant breeding of a practical nature, of course, 
are very old, but all of the early work was hit-or-miss and uncertain, 
since it was not bused on adequate knowledge The first great mile- 
stone in modem genetics was the announcement by Camerarius of 
Germany in 1694 that plants reproduce by the union of male ami 
female cells. This suggested deliberately uniting two different kinds 
of plants and was followed by the hybndization w'ork of Faircliild in 
England about 1717, and of many othera after him It was not long 
(1727) before hybridization was put to commercial use by the Vil- 
morins in France, and by 1840 they were actuiillv using a kind of 
progeny test. In 1859 Darwin put biological science on an e.\pen- 
iiientol basis with his Origin of Species, and in 1866 Mendel in Austria 
worked out the mathematical laws of dominance, recessiveness, and 
seOTegation, previously observed but not interpreted by other workem. 
^Ienael’s paper remained unnoticed for many years, but meanwhile 
otliers were hot on the trail of the same conclusions. When his w ork 
w as rediscovered in 1900. it gave a tremendous impetus to research 
and practical breeding alike. Shortly after this (1902-03), the ob- 
served phenomena of heredity were definitely and finally linked with 
activities withhi the cell. 

The development of knowledge of the cell goes back at least to the 
time of Leeuwenhoek in the Netherlands, who first tliscoyered the 
world of the microscope (around 1677) In 1838-39, SchleUlen and 
Schwann in Germany generalized that all bodies are made up of cells ; 
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10 years later Hoffmoister in Germany notunlly saw chromosomes. 
In i864, Nageli in Switzerland was attributing tho control of heredity 
to solid particles in the cell — an idea finally clinched by Weismuun 
in 1892, after Haeckel, Strassburger, Flemming, Von Bencden, and 
others had developed more knowledge of tho cell nucleus. From this 
time on tlie .study of chromosome phenomena proceeded rapidly 
through the work of many cytologists, up to our own day when genes 
are accepted as the basis of inheritance ami more and more of the facts 
of heredity are being checked against observed happenings in the 
cell nucleus. These dev elopments ha\ c contributed also to an under- 
standing of animal breeding, which on the practical side goes hack 
through the work of Bakewell, the Ceilings, and others of a century 
ago, to Mago the Carthaginian, who in pre-Chnstian times developed 
the fimt known score card for livestock judging lYithout mathe- 
matics, much of this knowledge would be unusable, and the work of 
many mathematicians has contributed to tho exact interpretation of 
phenomena and to the practical application of theory. 

Outstanding among recent de\ elopments aro tlie identification of 
hundreds of genes in various organisms; the “mapping” of genes 
on chromosomes by genetic studies, and cjtological proof of the 
actuality of these concepts; the use of the iiomnco fly for <?xtrenioly 
fruitful genetic investigations; an understanding of many complex 
geno interactions that modify the original Mendelian laws; an in- 
crease body of knowledge about chromosome behavior, which 
promises to oiien up new possibilities of piaclicnl control in breeding; 
and the beginnings of knowledge, throtigh the use of X-rays and other 
forms of vv av e eneigy, of how basic changes in genes and chromosomes 
are brought about, so that controlled genetic change becomes a 
speculative possibility. 

Tho most recent developments indicate that new researches in 
biological chemistry may in then tuni throw light on some of the 
many unsolved secrets of the gene and its control of heredity. 



VEGETABLE CROP BREEDING 
AND IMPROVEMENT— 

AN INTRODUCTION 

VICTOR R. BOSWELL, Principal Rorticul- 
turiat. Division of Fniil and \ egetable Crojw 
and Diaeaaea, Bureau of Plant liidiihir> 

I]\ CONTRAST vith the comparatively small number of different 
species of important e\tensi\ e fomr crop’s — a half dozen cereals, tn o 
fU)cr crops, two sugar crops, and perhaps a dozen forage croi)s- 
literally scores of common vegetable-crop species are widely grown 
over this country. The scientific basis for orderly and efficient breed- 
ing of most vegetables is much less highly developed than in the 
cereal and sugar crops, for example, and therefore less can be said 
concerning the genetics of most imhvidual vegetable-crop species 
Even so, the lai^e number of crops to be considered compels drastic 
limitation of subject matter and scope of the aiticles that follow. 

FEW FOREIGN VARIETIES ADOPTED 
IN THE UNITED STATES 

The excellent and coinprehenshe treatments of wheat, com, and 
certain other croiis in the 1936 Yearbook of Agriculture include much 
data upon foreign \ a no ties, breeding, and improiement; but for many 
of our vegetable crops such information either is not available or is 
of such ^nited interest in the United States that its compilation and 
publication are hardly practicable In the main, foreign varieties of 
vegetables either do not appeal to our tastes or are not well adapted 
to the einironment and the methods of handhng in the United States. 
There are noteworthy exceptions, ot course, for there is some inter- 
national agreement in consumers’ tastes and a few crops show wide 
ranges of adaptability. But the activities of foreign workers Inuo 
thus far remained to a a large e.xtent of academic interest to us, except 
insofar as they dealt with basic problems of genetics or plant culture 
A few examples will explain our hnuted use of foreign productions. 

England stands preeminent m the improvement of the ganlen pea 
More of our pea varieties (or their parent vaneties) originated there 
than in all other countries .'ombined The English cliniate is (juite 
cool and moist, ideally adapted to the garden pea, w'hicli is sometimes 
called the English pea Even though many of our vaneties arc 
reatldy traceable to English work, they constitute only a fraction of 
the number that have been produced and are still grown in that 
country. Most of the English vaneties are not at all adapted to 
our more extreme and changeable climate. Most of our own varieties 
of peas are inferior in quality to the English varieties as these are grown 
in England. 

Tomatoes are grown in England almost exclusively in greenhouses. 
None of our important commercial sorts wrill bear satisfactonly out 
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of doors in England, because the climate is too cool; neither are they 
Oilapted to tlie English hothouse industry. On the other hand, 
English varieties of tomatoes have ne\er become popular in the 
United States, because they are too small to suit our growers and 
consumers, e\en for production under glass. 

Our groAv em envy the Italians their ability to produce tomatoes of 
such high color and high content of solids and have repeatedly 
attempted to adapt Italiim varieties to this countiy, but iiithout 
success. Italian tomatoes are not adapted to our climate and soils, 
and furthennore, the small size of some of the best makes them 
expensue to harvest. Americans demand bigness, not only for 
appearance but to facilitate handling and to reduce production costs. 
World-wide collections of tomato xaiieties grown in this countiy 
have revealed none that we can affoul to adopt as they are. 

The huge Telegraph type of cucumber grow n m English greenhouses 
has contributed to the development of some of our own varieties, but 
Americans will not buy the enormous English soits Ijkewise our 
ideas of a good cucumber are unacceptable to the English; onr \nric- 
ties w ould be considered ns nubbins. Again, our x nnetics for outdoor 
culture are of no interest in England, where cucuinbei’s must be grown 
untler glass. 

As we ow’e a debt to England for fine pens, so we are indebted to 
the Netherlands, Germany, and Denmark for our principal \nricties 
of cabbage and spinach. The leafy crops leach ])erfection in those 
cool north European countries, .\fthough wo adopted their produc- 
tions as the best immediately aiailable, they were developed under 
environments so different from our own that they are really well 
adapted to \ery few localities in the United States \ Danish seeds- 
man who supiilies huge quantities of cabbage and other see<!s for our 
grow'ers once said in effect with refemice t<* this fact' “I have never 
seen a crop of cabbage in the United States that w ouhl be considered 
good in Denmark ” 

We have adopted a few varieties of \egetnbles from France, but 
only a few — lettuce and celery in particulai .Vgain, French re(|Uire- 
ments anti .\mericau requirements are so different that one countiy 
rarely seems to be able to make use of the \arietics considered good 
by the other. 

In some countries other than those mentioned there are highly 
developed and carefully coiitiolled stocks that are all important to the 
respective regions. But in much of the w ori<l \ egetable breeding and 
improvement remains as a quite local enterprise in the hands of 
imskilled and untrained workers, or is indeed none.xistent. Imported 
or adopted varieties that w ero once acceptable hero, w hen we had no 
othere and before growers were beset with so many problems, are now 
considered inadequate. Increasing seventy of insect and disease 
attacks, new techniques of production, handling, and processing, and 
ever-changing requirements for market and culinary quality, all com- 
bine to make new variety problems and to make them rather pecu- 
liarly our own 

In general, vegetable-crop species do not have the world-wide 
importance possessed by the cereals, sugar plants, fiber plants, and 
tobacco. Tomatoes, peppers, sweet com, squash, and pumpkin are 
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all believed to be of New World origin and do not have the long cul- 
tural history of certain st^le crops; they are comparatively unknown 
in large parts of the lar Kost. Until a scant hundred years ago the 
tomato was thought to be deadly poisonous even in America, anti 
most Europeans still think com is unfit for human consumption In 
our turn we are entirely unacq^uainted witli scores of Asmtic vege- 
tables, some of wluch might well be consumed in this country 
This “local” or national interest in varieties and species (foes not 
mean that we minimize the value of foreign sorts as possible parents 
ui breeding and improvement work in the United States. Some of 
the most significant improvements ever effected have been through 
using certain commercially worthless and practically inedible forms 
for hybridizing with commercially desirable varieties to obtain new 
disease-resistant sorts 

PRIVATE AND PUBLIC IMPROVEMENT AGENCIES 
In AN APPBAiSAii of vcgetablo-A arfety improvement up to about 1923, 
primary recognition must be given to private growers, seedsmen, and 
amateurs It is only in the last 10 or 15 years that research institu- 
tions in this country or abroad have been much of a factor in the 
breeduig and selection of new and improved varieties of vegetables 
Prior to that time most of the advancements in yield, appearance, 
and quality had been brought about by private workers, niaiiily 
through mass selection Some very productive hybridizing was pur- 
posefully done, and approximate pure-line selection methods were 
applied to closely self-fertilized crops like pens and beans 

In recent catalogs of two of the larger and more progressne seed 
firms, approximately 67.) and 600 vegetable varieties ore listed, 
respectively Of these numbers, approximately 6 5 and 6 5 percent, 
respectively, represent varieties originated and introdneecl to the 
tiade by State and Federal research agencies, the remainder being 
the results of pm ate enteipnsc It must not be concluded, how ever, 
that these percentages represent the proportions of total acreage ami 
production of v'orieties bred by State and Federal workers In 
certam areas and for certain oiops a very large share of the total 
consists of new- disense-resistnnt v'nrieties Furthennore, hundreds 
of varieties listed aie of quite inmor value Ten years ago probablv 
not over 1 or 2 percent of the v nneties listed were the result of work 
by public investigators, and it is predicted that 10 years hence the 
proportion wiU hav e increased niucn more 

Until the last few years private growers and seedsmen were able to 
effect improvements of such character and at such a rate that the 
requirements of the industry were reasonably met. With increased 
know ledge of breeding technique as demonstrated by rraearcli w orkers, 
the seedsmen can do and are doing better work than in the past; but 
the increasing complexity and magnitude of numerous problems are 
demanding that public agencies provide solutions to them. Witli 
public agencies searching out genes for supenor charactenstics and 
introduemg them into new varieties, private interests will extend the 
distribution of those genes into many more varieties and strains. 

It should not be supposed that two catalog lists of new varieties 
bred, named, and mtroiluced by public agencies represent tlieir entire 
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contnbution to vegetable improvement As lias been pointed out for 
other kinds of crops, tliey have do\ise»l shorter niid more effective 
methods of improvement that are gradually commg into general use 
by coniiiiercial agencies. The Feilenil ami .Mate workers have also 
nccomphshed incalculable benefits by the simple procedure of develop- 
ing superior stocks of old \arieties by selection, freeing stocks of 
mixture and disease, and releasing the resulting material into trade 
channels Some of the best and latest ]iroductions w ill not be gen- 
erally offered for sale for another year or so. 

]sp:w tm'luknces in vegetable improvement 

Although the a\oidance of contamination with disease is perhaps the 
foremost consideiation m seed certification by se\eral States, certi- 
fication also relates to trueness to \aiietal tjpe and freedom from 
rogues and mixtures. This certification does not in\ohe original 
breeding or inlpro^ enient but does compel the application of up-to-date 
methods of maintaining advances that hu\e been made by breeders 
Certification, therefore, de3er\e8 mention ns a public service closely 
allied w ith improvement From a practical standpoint it has resulted 
in very substantially raising the standards of pei fonnances of tens of 
thousands of acres of ^ egetable crops. 

Under authority of the Baiikhead-Jones Act, passed in 1935, the 
Division of Fniit and Vegetable Crops and Diseases is developing near 
Charleston, S C., a well-equipped vegetable breeding laboratory for 
the study of fundamental breeding problems that are basic to the pro- 
duction of new and improved varieties for the South and Southeast 
Solutions to these problems of national and world interest wdl of 
course be forthcoinmg. Rapid progress is being made in p^o^iding 
facilities for research, and a small but able and active staff has been 
at work since the spring of 1036'. The establishment of this station, 
the only one in this countiy devoted e\clusi\ely to \ egetable breed- 
ing, is a particularly significant step, but is only one of the signs of the 
times. The study and application of genetics are certain to solve an 
increasing number of our problems imd contribute greatly to the 
general welfare 

Another station in the United States that may well be expected to 
make unusual contributions is the Great Plains Horticultural Field 
Station, of the Division of Fruit and A’egctnblo Crops and Diseases, at 
Cheyciiiie, \Vyo A most extensive collection of thousands of domes- 
tic and foreign varieties, strains, and stocks of vegetables has been 
acquired by that station in the quest for characteristics of earliness, 
drought resistance, and cold resistance. Vast stretches of our western 
United States ha> e such n short growing season by reason of high lati- 
tude or altitude, and such extremes of teniperuture, with low humidity, 
drying winds, and short water supply, that only n very meager list of 
vegetable varieties can be ^;rown. There is pressing need for either 
introducing or breeding varieties of nearly all crops for home and local 
market use by people living in those areas. The staff of the station 
at Cheyenne includes men highly trained in horticulture, genetics, 
cytology, and physiology. The ioint efforts of all are directed to the 
examination of promismg material and the e.xecution of a breeding 
program designed to meet the requirements of the region. 
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The Division of Plant Exploration an<l Introduction of the Bureau 
of Plant Industry plays an unportant part in the breeding programs, 
not only of Federal asrenoica but of all the State e\])eriment stations 
that call upon that Division for help Their inlormation upon the 
geography of plants, their constant close contacts with investigators 
and dealers all over the Avorld, their exploring exjieditions into obscure 
places, combine to make a\ ailable to plant breeders in this country a 
wealth of the world’s plant matenals that is remarkable And natur- 
ally the Division assists foreign investigators by supplying m exchange 
considerable <iiiantities of material from American collections The 
w’orld’s supply of ])lnnt matenals is becoming iliffused into all coun- 
tries for anyone to use who will 

PRESE^TmO^ OF SUBJECT M4TTER 
A FEW words are in order with reference to the organization of subject 
matter in the articles on \egetabLe breeding It is obiiously imprac- 
ticable to treat each crop ex'tensively, therefoie crops have been 
grouped for treatment Groujis aie based on botanical and struc- 
tural similarities in most cases, but a few' on the basis of similarity ol 
use or purpose for which they are grown This grouping has Been 
adopted purely ns a matter of convenience in compiling the informa- 
tion or for presenting together crops ol related interest regardless ol 
botanical relations It is not to be considered as a scientific classifi- 
cation In most cases the authoi-s of the resiiective articles are now 
conducting breeding or genetic inxestigations or have had sjiecial 
breeiling expenence with the ciops under discussion 

It will be uote<l that the appendix to this gioup of articles (p 340) 
contains data on a number of unclafesified crops not discussed in detail 
in tlie articles, such as peanuts, sweetpotatoes, and others Definite 
information on the breeding, inipros ement, and genetics of these croj s 
is indeed meager despite the great economic importance ol some ol 
them. There is piacticallv no exact knowledge about inheritance in 
the sweetpotato, and e\ eii the origin of surprisingly lew sorts is know n 
The peanut until (piite lecently has been almost ignored by scientiiic 
breeders and students of genetics, but it is due for incrcasmg attention 
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VICTOR R. BOSWELL, Principal llorUcul- 
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and Diseases, Bureau of Plant Industry 

TOMATO 

Insofar as we are able to tell from wiitteii iccord, the tomato is 
a very new crop (18).' The oldest records oi it date back less than 
400 years, a brief time when com]>ared with the oldest available records 
of many other crops The tomato is of tropical Ameiican origan, and 
early reports indicate that it was planted in maize fields and eaten 
by the ancient Mexicans, who called it toniati Ajiparetitly it attained 
no very important place in the lives of those jieople, perhaps on 
account of the highly perishable nature of the edible fniit and the 
absence of known means for its presen atioii. Although it is beliei ed 
to be native to the same regions as certain early forms of maize, there 
are no kno^^n prehistoric remains, no prehistoiic scidpture or ceramics 
to record its early culture as in the case of maize, kidney beans, lima 
beans, and squash in North America, or wheat and numerous other 
plants in the East We thus are able to lorm no definite idea of its 
antiquity and early importance. The absence ol record or remains of 
plant parts might imply relative unimportance ami little use. On the 
other hand, the earliest references in the literatui’e dosciibe essentially 
the same forms that are grown today. _ No new markedly different 
fruit types are known to have appeared since, and the large loniis have 
never been found truly wild It is therefore believed that the tomato 
was already iniprovecl for beyond the wild state when North America 
was diacoveied. Even so, our smooth, large, symmetrica 1-frui ted 
varieties of today are in marked contrast to the rough, variable types 
known in this country a century ago. 

We have all heard how the able, up-and-coming young man is 
rarely appreciateil in bis native environment but must go abroad to 
make good, and then returns to receive the approval of liis coimtry- 
men. Some of our native American crops, including the tomato, 
Iiave rane through a similar experience. The potato, native to the 
New World, is cmled “Irish potato” because colonial America repatri- 
ated it to the New World from Ireland, where it had become a very 
important crop while it was being ignored close to its native land. 
The tomato was introduced into Emope early in the sixteenth century 
and became widely distributed. In the seventeenth century it was 
grown in England for ornament only, although it was known to be 
eaten elsewhere. By the end of the eighteenth century it was grown 


> Italic iiiimben Id parentlwHs refer to Lltcntiu«Citad,p 2M 
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on a field scale in Italy and used extensively as food, but it was a half 
century more before i>eople in the United States generally dared to 
Early Varietal Adaptation 

Although each of several countries in whicli tomatoes are grown to 
any large extent usually has a number of vari(‘tics that show a con- 
siderable range in varietal characteristics among themselves, the 
group of varieties grown in each region is rather distinct from those 
grown in certain other parts of the world Not every country has 
its own d^tinct general type, but there are markeil differences between 
geonapbic areas It is probable that definite selection and breeding 
wore with the tomato for adapting it to warm-tcmiicrate and cool- 
temperate regions has been in progress but a short time, not over two 
centuries and perhaps only half that Nevertheless, in a certainly 
bnef span this tropical or subtropical plant has been adapted to a 
wide range of environments far different from its native home The 
efforts at selection by early growers of the crop together with natural 
factors produced a \ cry interesting and effective assortment of general 
types, each of which apparently points toward the maxunmn adapt- 
ability in each region 

The best Italian varieties in general arc of long season and are 
lai^e, vigorous growers, with a profusion of thick-walled fruits ' 
unusually bnlli ilor and high content of solids. A wide range in 
fruit size cxisi" among these varieties, some of the most valuable 
being small, a: judged by United States preferences. The important 
point is that those varieties do better in Italy than elsewhere and are 
better for Itali in purposes than others that have been tried in Italy 

There is a considerable outdoor culture of tomatoes in Germany 
and some adjacent north-Europeon areas The varieties grown 
there are early, relatively small-vincd, and medium- to » » ■ > 


THE early tomato bleeders did excdlent work in producing plants 
with good yields of large handsome fruits, adapted to local or regional 
conditions; but the situation has changed, and new problems and 
requirements have arisen so fast that it is not now possible to keep 
ahead of them by the old method of sdectingchancevariants inthefiM. 
Systematic effort is necessary to find and bring together character- 
istics that will make entirely new vari&ics resistant to specific dis- 
eases and to heat and cold, and adaptable to long-distance shipment, 
to new areas of culture, to new processes or means of utilization. 
This is the kind of work being done by Stale and Federal agencies- 
The disease problem especially is so important today that practically 
no research agency would introduce any new variety unless it were 
resistant to at least one very troublesome disease. 
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Italian and most I’mted States varieties are not adapted to the cli- 
mate of Germany, and the German varieties when grown m the 
United States are distinctly inferior to our own. Except for color 
differences^ the north-European sorts are lai^ely of the one general 
type descnbed. 

As mentioned in the introductory article on ^ egetables, the English 
have developed a characteristic type of greenhouse tomato, some 
varieties of which ore practically parthenocarpic, requiring no polli- 
nation, by hand or othenviso, as American varieties do, in order to 
set fruit. These varieties are very prolific, setting very large num- 
bers of fruits that are too small to suit Amencan growers and con- 
sumers — but they are well adapted to the region and to the puip<^ 
for which they are gro\vn. Tney were the first improved varieties 
in the modern sense. 

In a large country like the United States, w ith a chmatic range from 
subtropical to cool temperate and from humid to and, different variety 
groups have been developed to suit different ports of the country. 
Until about 10 years ago most of this adaptation liad been effected 
by private growers and seedsmen, who selected chance variants or the 
progeny of natural crosses that were particularly promismg in a given 
region. A few of the old important ^arletle3 were the results of 
artificial hybridizing. Extensive commercial tomato production in 
this country is nob much over 50 years old. Sixty years ago the only 
laree sorts were rough, ugly, heavily ribbed, variable “varieties” of 
imfifferent quality, although some good small ones of the greenhouse 
type had been brought in from England. 

The old varieties wore certainly quite heterozygous or mixed in 
their hereditary composition, for the tomato Irequently crosses 
naturally in the field. Bailey (S) and others have referred to tomato 
varieties running out. These cases w'ere doubtless due to the effects 
of more or less accidental selection within \eiy mi.\ed populations. 
These few rougli and ready mixtures, our early so-called varieties, 
were the confused mass of raw material fiom which so many of our 
really good varieties have been selected, diiectly or indirectly, by 
keen-eyed growers. Tomatoes are now giown commercially in every 
State in this country. 

ImphovemeiXT in the United States, 1850-1910 * 

Prior to 1860 no tomato varieties had been developed in the United 
States. The few varieties known had been brought in chiefly from 
England and a few from France. It appears that most of the laive- 
fnuted varieties, if not all of them, had been obtamed by selection 
from the old Large Red or ribbed type that had been known since 
about 1650. The smaller fruited, more prolific forcing or greenhouse 
types and similar sorts presumably were first selected from the round 
tomato (smooth), which was originally described by Toumefort about 
1700. Since there has been only a mmor interest in the smdl-fruited 
forms in this country, a chronology of tomato improvement will be 
confined largely to the story of the old Large Red and its descen- 

In the preperabon of this histoncsl review the wnter has freely u^eU unpublished notes and records In 
thefllesoftheDisisionnf Fruit and Vefiatable Crops and DIseeseb made by the late W' W Tracy, br, and 
byD N Shoemaker and other former Stan membera 
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dants. The old Round, however, has apparently contributed some 
genes of value The cherry-, pear-, and plum-sliaped tomatoes have 
been known as long as the Largo Red but ha\e uiuleigone no appreci- 
able chanp. 

Probably the first true dwarf or “tree” variety, named Tree, was 
introduced by Vilmonn-Andrieux & (’ic , of Paris, in 1860, and was 
promptly brought into this country. It was found as a chance x ariant 
m a tall variety by a pri\ ate gardener of an estate at ( 'hatcau do Laye 
in France. Two other imported varieties of interest in the United 
States, introduced about that time, were Fiji Island (1862) and Cook 
Favorite (1864) Several forcing types of Eurojicnn origin were being 
grown, but their origjn is obscure. 

Probably the first United States contribution to tomato improve- 
ment was the introduction of the Tilden variety by Tlenry Tilden, of 
Davenport, Iowa, in 1865. It 
ormnated as a chaiicc seedling in 
a field of a variety the name of 
which is not recorded (J). 

The next notable advance oc- 
curred in 1870 with the introduc- 
tion of Trophy, a result of hy- 
bridization and selection by a 
Dr. Hand, of Baltimore County, 

Md. It is said to ha^ e been from 
a cross of Large Red X Early 
Red Smooth The vaiiety was 
introduced by G E Waring, ot 
Newport, R 1., who received it 
ns a supposedly fairly well-fixed 
stock from T. J Hand, the son 
of the originator It has been 
stated that Trophy was inv olved 
in the parentage of most of the 
varieties introduced in tho follow- 
ing quarter century, and un- 
doubtedly it has contnbuted, at 
least indirectly, to a great number 
of later vaneties The old origi- 
nal Trophy was evidently not 
very well fixed, however, for 
before 1900 it had practically cca^d to e.\iBt (d). Through both pur- 
poseful and accidental hybridization, and through artificial selection 
and natural selection within a rather heterozygous variety, superior 
variants were saved and inferior ones discarded. There is evidence, 
too, that the perpetuation and increase of undesirable variants appear- 
ing in tho variety (ninning out) as a result of segn^ution, natural 
erossing, ineehanical mixture, or coiiibinatijus of these, hastened the 
demise of the variety 

The work of A. \\ . livingston (fig. 1), of Columbus, Ohio, and his 
assoeiates and successors in the Livingston Seed Co. has resulted in the 
introduction of more new varieties than that of any other private group. 
Alost of the vaneties introduced hy the lav ing&tons were ol their own 
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finding or origination, but ftome were obtained from other growers 
Paragon, from n chance seedling, was their tirst introduction (1870) 

The famous old variety Acme was dc\elo]»ed by A. W. Livin^ton 
from a single superior plant found in a field of mixed stock and intro- 
duced in 1 875 Like the Trophy, this variety was the source or served 
as one paient of many subsequently introiluced varieties In 1880 
Perfection, a chance variant in Acme, was introduced. Li\ingston 
next brought out Golden Queen in 1882, Fa\orite in 1888, Beauty in 
1886, Potato J^nf in 1887, Stone (4) in 1889, and Royal Red in 1892. 
This last was de\ eloped from seven similar plants found in a field of 
Dwai-f Champion by M. M Miesse The otliei-s just named were 
chance seedlings occurring in xarietics the names of which are not 
known These were followed by Anstocrat and Buckeye State in 
1893, Honor Bright in 1897, and Magnus m 1900, as chance seedlings 
in xarieties not recorded In 1903 Dwarf Stone was introduced; 
it was a chance seedling found in Stone Globe (4) is from a cross 
between Stone and Ponderosa made about 1899 bj Robert Livingston 
and was introduced in 1905 Hummer, another introduction, was 
selected out of Paragon 

Of this impressive list introduced by the iivingstons. Stone and 
Globe are among the most important varieties grown today Acme, 
Beautv, Buckeye State, Dwarf Stone, Golden Queen, and Perfection 
are still listed m some seed producers although tliey aie not exten- 
siyely grown 

In 1882 D M Periy & Co obtained a selection made by a fanner 
grower from an unknown \nriety, and they intioduced it m 1885 as 
Optiiiiiis 

Some introductions of W. Atlee Burpee & Co were Matchless, 
introduced in 1889; Fordhook Fancy, a production by K C Green, 
of the Ohio Agricultural Experiment Station, in 1898; Combination 
(Lorillard X Acme X Comet) in 1896; and Quarter Century in 1899- 
a cross between Ijonllard and Dwarf Champion. These last two were 
developed by Walter Van Fleet, then of the Rural New Yorker 

In 1887, at the Michigan Agricultural College, L. II. Bailey selected 
a single outstanding plant from a plot of n Geiman variety, Eifoimig 
Dauer This w ns released ns the Ignotiim v anety and proved to be of 
nimor importance for many years. 

Several varieties that had attained importance prior to 1910 are 
either of obscure parentage or their parentage has been reported and 
the introducer’s name is not definitely known Lonllord, named for 
its producer, was introduced in 1888 and was said to be from a cross 
between Acme and Peifection. The following are of unknown 
parentage: Chalk Early Jewel, by Moore & Simon in 1900; Ponderosa, 
by Peter Henderson in 1891 ; Early Detroit ( 4 ), from se^ obtained 
from a Mr. Rosendahl, of Fort Ijeav^emvorth, Kans , introduced in 
1909 by D. M. Ferry & Co. 

The Stone variety has been the supposed parent stock of several 
varieties of considerable importance, among them Dwarf Stone, men- 
tioned above; Earliana ( 4 ), found by George Sparks, of Salem, N. J., 
and introduced in 1900 by Johnson & Stokes; Greater Baltimore (4), 
found by John Baer, of Baltimore, Md , and introduced by J. Bolgiano 
& Sons in 1005. 
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Johnson & Stokes introduced Bonny Best U) in 1908. It came 
from a single plant selection in a field of Chalk Early Jewel by G W 
Middleton, of Jefferaon^ille, Pa 

With all due credit to the important contributions of other growers 
seedsmen, and investigators, it is not out of place to call attention 
again to the great contribution of the Ija ingston Seed Co to tomato 
improvement Of about 40 varieties that had attained a distinct 
status jirior to 1910, a third Mere productions of or introductions by 
the Livingston company I f Ave add those a arieties deriA ed directly 
from LiAringston productions and introductions, it appears that half 
of the major A'arieties Avere due to the abilities of the LiAingstons to 
evaluate and perpetuate superior material in the tomato 

Private l"iTRo»ucTioNs, 1910-36 

Due credit must be gh-en the early workers mentioned m the pre- 
ceding pages Their object was to get good jrields of lai-ge liandsome 
fruits borne by plants adapted to local or regional conditions, and they 
succeeded admirabh' — so well, in fact, that about half of the 40 
important varieties knoAVii in 1903 are still listed by at least a few of 
the larger producers and dealers A few Aaiieties, notably Chalk 
Early Jewel, Piarliana, Ponderosa, Stone, and the dwarf sorts aie 
universally listed. This older type of effort still continues, and from 
time to time some quite w'orth-while strains result from it In com- 
parison with the period 1875 to 1900, howcAcr, the old method of 
selection and crossing among present commercial sorts has in recent 
years resulted m a smaller number of marked impioAcments Many 
of those obtained liaAO been of value, particularly with respect to 
legional adaptation and suitability for long-distance shipping or for 
nianufacturo, 

The Cooper Special, a variety with a distinctiAc, determinate, oi 
“self-topping” habit of Aine growth, was introduced by C D Cooper, 
a farmer near Fort Lauderdale, Fla. It was found as a chance 
sccdUng by Bert Croft in Florida in 1914 

Grand Rapids Forcing, long a popular greenhouse variety, was pro- 
duced by John Nellist, a groAver near Grand Rajnds, Mich , liy crossing 
Bonny Best and Comet, an English variety 

In 1915 John Baer, of Baltimore Countv, Md , turned OA'cr a selec- 
tion from Bonny Best, aaIiicIi was nanml John Baer, to J Bolgiano A 
Sons for introduction Although similar to Bonny Best in many 
respects, this strain or a ariety seems particularly adapted to the noi th- 
eastem nnup of tomato-groAVing States and is often preferred to other 
stocks offered under the name of Bonny Best. 

In 1920 the Ei'erett B. Clark Seed Co introduced an earljjr shipping 
A'anety, named Clark Early, for culture mainly in the South. It w ns 
obtamed by selection D M. Ferry & Co in 1921 introduced Gulf 
State Market, a A’anety A'ery similar to Globe but a trifle earlier in 
the South and less susceptible to cracking. It was found ns a single 
plant in a field of Early Detroit by Walter Richards, of Crystal 
Springs, Miss , in 1917. 

The J. T. D. is an interesting example of a local typo deA'eloped for 
adaptation to a specific set of conditions and needs It was deA'eloped 
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by tlie Campbell Soup Co. for growing' in New Jersey, mainly for its 
own factory use It has not become widely grow n elseivhere 

In addition to these rather distinct sorts, several commercial firms 
and seed giwiers have given special attention to the isolation of 
superior stocks and strains of a number of the leading commercial 
varieties. Some of these stocks have been introduced under new 
names but frequently ^^ith only slight Aariation in the accepted 
name. A new name or a modified name does not, of course, insure 
improvement or even a difference. It may fairly be stated, however, 
that a number of these carefully handled “special” commercial strains 
of well-established ^ nineties have proved to be superior to stocks 
generally a^ ailable under the common name. 

Improvement by Pubuc Agevcies 

A discussion of the research that makes possible more rapid and 
orderly improvement of the tomato will be found in the section on 
Studies of Inheritance and Cytology at the end of this article. At 
this point will be presented a historical review of the new varieties 
introduced by State agricultural experiment stations and the Umted 
States Department of Agnculture. 

In the last 25 yenra new problems and requirements have arisen so 
fast that tomato breeders cannot find naturally occurring chance 
variants with the desired characteristics fast enough to keep ahead of 
requirements. Special efforts are necessary to find and bring together 
these newly required features to produce new combinations, entirely 
now and different varieties Of course the old objectives of large, 
smooth, high-quality fruit and high yields are still sought, but they 
must be in combmation with such factora as tolerance or resistance to 
specific diseases, to heat, to cold, and adaptability to long-distance 
shipment, to new areas of culture, and to new processes or means of 
utihzation These characteristics are difficult to find and combine 
quickly with other <losired properties. 

Introductions prior to 1910 by pubhc agencies were few and far 
between. Reference has already been made to Ignotum, selected by 
Bailey at the Michigan Agricultural College, and Fordhook Fancy, 
produced by Green at tlie Ohio station 

The major part of the tomato breeding by State and Federal agencies 
has been done in efforts to develop varieties resistant to disease. 
Thus far most attention has been devoted to resistance to fusarium 
wilt (fig 2), but resistance to other diseases has also been sought, 
namely, nailhcad rust, leaf spot, leaf mold, mosaic, and curly top. 
The disease problem in general has become so important that today 
there is little inclmation on the part of research agencies to introduce 
any new tomato variety unless it is resistant to at least one very 
troublesome disease. 

Selection for resistance to fusarium wilt was first started in 1910 by 
Essary {16), of the Tennessee Agricultural E.\penment Station, and by 
Edgerton (13), of the Louisiana station. Two years later Essary dis- 
tributed a resistant strain of the general type of Beauty but with a 
scarlet fruit like the color of Stone. This new sort, developed by mass 
selection from a diseased field near Gibson, Tenn., became known as 
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Tenn^ee Rod Later L^ary distributed a ivilt resistant i ariet> w itli 
^arlet-red fruit named Tennessee Pink, also deieloperl hrmasrse 
lection m seriously diwased fields Edgerton, in Uuisiana announced 
Ills first wilt-resistant sort m 1912 It was called Louisiana ilt Re 
sistant and was dei eloped from a single resistant plant selected in a 
badw infected field of Acme 

Although Lomsiana ^\ilt Resistant pro\ed highly resistant to the 
disease, it was late and a poor vielder Edgerton crossed it in 1912 
with the Langdon stram of Earliana to get earhness and fruitfulness 
1 lom the progeny of this hybrid a scniiet and a scarlet red strain — 



I igfire 2 — A companson of Milt suacepuble (A) and wilt resistant (B) vanelies i f 
tomatoes on heavily infected land 


I ommonly called red 'and pmk ,iespectneh — w ere isolated nimed 
Louisiana Red and Louisiana Fink, and distiiouted about 191b 
Norton (^0), of the Maryland station, began selection for wilt rc 
sistance in 1912, selecting from a large number of \ aneties grow n neai 
Pieston, Md , on a field naturally heai ily mfected \. number of un 
named resistant selections w ere distributed in 1915 to tomato growers 
md mvestigators One of these, a wilt resistant strain of Oroatei 
Baltimorojwas further selected and grow n for seed for several years 
bv O W Twilley, of Hurlock. Md In 1912 Norton selected a wilt 
-Jistant sort from a field of badly damaged mi\ed \anetn neai 
A lenna, Md This w as included among strams gn en in 1916 to F J 
Pritchard (fig 3), of the Department of Agncultiir^ w ho started hi«> 
disease-resistant iniproi eiiient work m that year Two years of fur 



184 


YEARBOOK, 1937 


thcr selection in tliis strain by Pritchard resulted in the Norton variety, 
distributed in 1917 by the Department and named for the man who 
made the original resistant plant selection. Two other resistant 
strams that Norton guie to Pritchard m 1915 were selected by the 
former from fields of Greater Baltimore. Pritchard selected them 
further under conditions of heavily artificially infected soil and dis- 
tributed them in 1918 under the names of Cohiiiibia anil Arlmgton 
These three ^arietles, Norton, Columbia, and Arlington {4^), de- 
veloped by the iiifoimol ioint efforts of the Maryland Agricultural 
Experiment Station and Department workers, were widely dissemi- 
nated and were the leading resistant laneties, pniticularly in tlie 
East, for some years. 

Pntchard distributed a third impro\ement in 1918 under the name 
of Marvel. He obtained it by selection fiom a French \nnoty, 
^^er\ eille des Marches (Maiw el of 
the Ma rket ) , w 1 1 icli sli ow s a ra ther 
liigh and fairly iimform resistance 
(42). 

Since 1917 the wilt-resistant 
varieties produced by the De- 
partment have greatly predomi- 
nated over those originated by 
others For reasons not entirely 
clear, those produced by various 
State expeiinient stations have 
remainerl more or less localized, 
anil the total acreages of them are 
not very great It may he that 
in the course of production and 
testing the limited opportunities 
of determining wide adaptability 
resulted in selections that w’ere 
especially adapted to a rather 
narrow range of conditions; or it 
may be that the larger resources 
of the Department made possible 
not only more extensive tests but 
laiger supplies of seed for original 
distribution and more effective 
di'iseinination of information 
about the new sorts. It seems 
probable that some of the State work has resulted in vancties quite the 
equal of the Department sorts now commonly grown, or even superior 
to them in some respects, but still the latter dominate the field. 

It should be recognized here that some of the fii-st stocks of certain 
Department vancties distributed were the result of massing a number 
of selections that w'ere apparently similar under the conditions of 
selecting. Under other growth conditions, undesirable variations in 
fruit and plant form appeared. Numerous State and private agencies 
have contributed to the success of these varieties by careful roguing 
or selection within the early stocks, keeping them in closer conformity 
to the ideals for tlio respective sorts. 


m 
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Figure 3. — F. J. Pritchard, of ibe Uniici 
States Deportment of Agnculture, >vho di< 
notable \tork in breeding improved duesbe 
resistant varieties of tomatoes. 
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In 1922 Pritohard iutrodiicotl Norduke, a cross (Norton X Duke of 
York) between two resistant sorts, Marvana (Marvel X Earliana) 
and Alarvelosa (MarAcl X Ponderosa) followed in 1924 All these 
onrlier introductions by tho Department are still listed by eommercial 
firms (most finns list only one or a few of them), but they are unim- 
portant and are not generally grown except m certain localities. 
Subsequent superior productions have lai^ely displaced them. 

The Marglobe (4), introduced by Pritchard and Porto in 1925, is 
without doubt the most important xariety of tomato in the United 
S^les and in the world today. Its range of adaptability to both en- 
vironmental and utilitarian requirements and its dominant position 
li a^ e been surprising. Marglobe is tho result of a cross between Globe 
and Mar^ el made in a greenhouse of the Department in AVashington in 
191S. _ Globe has considerable resistance to wilt but is very susceptible 
to iiailhead rust. Marvel is highly resistant to both. Marglobe 
proved highly resistant to wilt under most conditions and to naifliead 
under all conditions of w hich there is record It w as introiluced just in 
time to save tho Florida tomato-shipping industry from virtual ex- 
tinction tlvrough the ravages of iiailhead and wilt. It was developed 
piimanly as a shipping tomato, but it has turned out to be the princi- 
pal canning vanety in tho Middle Atlantic and South Atlantic States, 
as well as the leading shipping variety^ of the whole Atlantic region. 
It was tho dominant variety in Mexico during the heyday of the 
tomato-shipping industry in that country ; it is one of the best varieties 
recommended in Australia, and it is currently listed by commercial 
vegetable seedsmen in many foreign countries. Tho Marglobe has 
been to the present generation what Trophy and Acme were two 
generations ago. But ultimately, perhaps before long, it will be 
supei-sccled by still better sorts, for, like all varieties, it has its limita- 
tions. It cracks rather badly, pdrticularly in tho Middle West, and it 
is not appreciably resistant to a number of diseases that are becoming 
increasingly important. 

Three more recent productions by Pritchard and Porte should be 
mentioned before returning to some of the earlier work of the State 
stations. Marglobe w'as a parent in two of these — Break o’ Day 
(Marglobe X Marvana), introduced in 1931, and Pritchard^ (Cooper 
Special X Marglobe), introduced in 1932 Break o’ Day was re- 
ceived much more enthusiastically than Pritchard, as a result of 
preliminary trials; but it has subsequently slipped into a relatively 
unimportant place, largely because it fails to meet ririd color require- 
ments under most conditions. Pritchard, however, lias become very 
popular on account of its superior scarlet color, despite the fact that 
it tends to boar most of its crop in a short time. It was expected to be 
of no value to canners because of this habit, but it is being used more 
each year. The third variety, Glovel/ (Globe X Marvel), is a 
tor” to Marglobe but is scarlet-red (“pink”) instead of scarlet ( red_ ). 
It is otherwise rather similar to Mar^obe and is especi^ly interesting 
because it cracks much less than Marglobe. Although reports on it 

•Introduced under tbs nams ol Scarlet Topper Renamed Ptilcbard in 1932 after Pritthard’i death In 
JftDUiry 1031 

• Produced In cooperaUon nith the Flonda Agricultural Eipenment Station 
138904'’— 87— 13 
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are generally good, it is too early to determine its value, _ ance it was 
introduced in the spi^ of 1935 and first grown commercially in 1936. 
These last three varieties are all reastant to both fusarium wilt and 
nailhead. 

The most important variety in the middle-western canning area 
of Illinois and Indiana is the Indiana Baltimore, developed by the 
Indiana Agricultural Experiment Station by selection _from_ Greater 
Baltimore and distributed in 1919. It represents a distinct improve- 
ment over its parent variety, although the casual observer would 
conader it similar. 

Yeager {54), of North Dakota, has done some of the most interest- 
ing tomato breeding in this country, but his work is not generally 
known and appreciated outside the northern Great Plains area. 
Yeager has bent his efforts to the development of a list of varieties 
adapted to a short, rather dry season in a region of wide extremes 
of temperature and frequent deaccating winds. The^ conditions 
are decidedly unfavorable for tomatoes in general It is only in the 
last 12 years that farmers and gardeners of the northern Great 
Plains have had varieties that could be grown there with any sat- 
isfaction, but now they have several. Even though these varieties 
from the North Dakota station are adapted to the area in question 
and are far better there than anything heretofore available, they are 
of little interest elsewhere. The very characters that enable them 
to succeed in North Dakota appear valueless, for example, in 
Virginia. That, however, is no dimredit to the varieties or the 
introducer. They serve the purpose for which they were bred, and 
that is enough. 

The seven varieties introduced by Yeager up to this time are all 
early and bear their moderate crops on comparatively small plants 
in a short time This is necessary in order to meet the requirements 
of the region. All were developed by hybridization, one of them 
involving an interspecies cross. Red River (Eorliana X Sunrise), in- 
troduced in 1925, and Bison (Red River X Cooper Special), introduced 
in 1929, are the best known and most important thus far. The latter 
has shown an appreciable resistance to neat. Two yellow varieties, 
Fargo Yellow Pear (Bison X Yellow Pear) and Golden Bison (Bison X 
Golden Queen), introduced in 1932, meet the requirements of those 
gardeners who desire yellow-fruited sorts. Farthest North is of 
particular interest because of its parentage (Bison X Red Currant) and 
Its extreme earliness. It was introduced in 1934, so it may be rather 
too new to tell how important it is going to be. The other two of 
Yeager’s introductions are Early Jumbo (June Pink X (Ilobe), db- 
tributed in 1929, and Pink Heart (Bison X Ohio Red), distributed in 
1932. 

The Santa Clara (4) tomato, which is now' the principal variety 
^wn for canning in California, is the result of work by several agen- 
cies and men. It traces back to a single plant selection made in 1923 
W a representative of the Canners League, in a field of a variety called 
Trophy or Canner, This was not the old original Trophy previously 
mentioned, nor even the variety generally cataloged under that name 
by seedsmen. It was a large, irregular, rough-fruited sort that was 
wasteful and difficult to prepare for canning on account of corrugations 
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and catfaces, and was grown only for canning in that section. The 
Canners league, the hcrry-Morso Seed (’o , the California Packing 
Corporation, and the California Agricultural Experiment Station all 
contributed to the further selection and final development of this 
huge, moderately smooth-fruited variety that entered into commercial 
production about 1926. It has a xery large heavy-yielding plant 
that produces the largest fruits of any of the extensively growm com- 
mercial sorts, but anjv^ono who tries to grow it east of the Rocky 
Mountains will be disappointed in it. It is excellent in parts of 
Cahfomia but almost a failure in other parts of the country. 

Ill 1928 the Califoniia station released n selection from Santa Clara 
dex eloped through careful inbreeding and called Cahfomia 55 It 
was produced for its smoother fruits, high yield, and more intense 
red color 

The Illinois, Massachusetts, and Michigan stations hax'e placed 
emphasis on greenhouse sorts because of the magnitude of the forcing 
industry in their States. In 1930 Illinois introduced Lloyd Forcing 
and Blair Forcing, both derixed from Louisiana Pmk X Grand Rapids 
Both xarieties are wilt resistant In 1931 Massachusetts introduced 
Waltham Foremg, a selection from an unknown sort for adaptation 
to adverse northern greenhouse conditions. 

The New JeiNoy station distributed the Riitgei-s variety in 1934 
It is a cross of ^^arglobe X d. T. D and has been leported especially 
valuable on the hght sandy soils of Nexx Jei-sey The Illinois station 
has just released sorts that will set fruit and not mxiw out of bounds 
on the high-nitrogcii praiio soils of Illinois The Washington (State) 
station introduct^ in 1930 Seedling 36 and Seedling 50, results of 
crossing Bonny Best X Best of All to obtain higher productivity under 
Washington conditions They xxere intendeil to be adapted to a 
specific enx iroiimeiit , hence it is not surprising that they have remained 
of rather local interest. 

Within the last year or two many stations hax’^e released sex-eral 
additional stiains and varieties that may or may not make important 

f daces for themselx es. Small plot tests, exen though numerous and 
airly widespread, often fail — in fact usually fail — to reveal the true 
coni'mercial possibilities of n new line and to indicate the reactions of 
the tomato-growing industiy and the consuming public. Only time 
and general commercial trial can deteniiine these things. The newer 
introductions, ns reported by their originators, are listed in table 4 
of the appendix to the vegetable articles, along w'lth those discussed 
in this brief surx'oy. 

Gratifying progress has been made in the selection of verticillium 
and fusariuni wilt resistant strains of tomato in California by ^Iichael 
Shapoxalox’, of the Department, and B. A Rudolph, of the California 
station, working cooperatively. 

PEPPERS 

History 

The hot and the sxveet peppers grown in the Vnited States belong to 
ft quite difteront group of plants from the black or white ^pper of 
conmieice. The peppers that we grow in this country are Capauyum 
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annuum L., a New World species native to the Tropics. There are 
no ancient eastern names for the species, and the nrst record of it 
(1493) indicates that Columbus took the first specimens to Europe 
on returning from his first voyage to the West Indies. Peppers or 
chilis are known to have been one of the principal foods of the native 
inhabitants of tropical America. The pepper had already reached 
a fairly modem state of improvement at the time of its discovery by 
Europeans, as e\'idenced by the wide diversity of the several distinct 
sorts described in the early records All the types current today were 
known to be used by the natives of Central Amenca in the seventeenth 
century (18) It would thus seem that the prehistory of the pepper 
might closely parallel that of the tomato. 

There seems to have been no such aversion in Europe and colonial 
America to the use of peppers as there was to tomatoes Peppers 
were apparently adopted immediately, and their use quickly becaine 
almost worldwide Certain types became established so promptly in 
India, for example, that some of the early botanists believed them 
native to the East. However, the name “chili”, which is still used in 
India, strongly indicates importation from South America 

Although they were quickly adopted and have been generally used 
beyond their native land for over 400 years, the properties of most 
varieties of peppers do not make them a product to be eaten in large 
quantities as a staple vegetable by most useis Generally poppers, 
even the sweet or nonpungent varieties, form a small proportion 
of salads or mixed vegetable^ dishes Some nationahties^ however, 
use them more or less “straight”, the Mexicans in particular con- 
suming almost incredible quantities of them And those who are 
familiar with Mexican cookery know how generously the fiery varieties 
are used. 


Imphovfhent in the United States 

Since the popper is not a major crop, it has recei v cd far less attention 
than its relation the tomato Even though a few enthusiasts have 
effected some excellent improvements, the importance of the crop 
itself has not been great enough to attract much attention to more 
than a few of the advances made As a lesult, the records concerning 
early improvement are very sketchy and incomplete Unfortimately, 
no such dependable v'snetal history can be written for tWs crop as 
for the tomato. 

In 1901 American seedsmen listed between 125 and 150 varietal 
names of peppers in their catalogs Of this number only 18 to 20 
probably denoted really distinct varieties, the others bemg merely 
sjmonyms or cases of ‘misnaming The history of those varieties, 
with few exceptions, is indeed obscure It is noteworthy, however, 
that after 35 years these distinct sorts are all still available commer- 
cially with one or two possible exceptions. Furthermore, there have 
been few very distinct or very marked improvements in t^e. Many 
new names have appeared for old forms, and the old stocks have been 
improved in uniformity and conformity to type. The principal other 
improvements made have been in securing somewhat thicker flesh and 
increased earliness. These improvements have been effected almost 
entirely by private agencies 
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Jistinct sorts noted by Tracy 


Pungent varieties — 

Bird’s Eye 
Cayenne 
Celestial 
Cherry 

Large Red Chili (or Mexican) 

Red Cluster 

Small Chili (Red Chili) 

Tabasco 

Yellow Cayenne 

Yellow Cherry 


Mild Aarieties — 

Bellior Bull Nose 
Black Nubian 
Chinese Giant 
Golden Dawn 
Golden Giant 
Monstrous (or Grossum) 
Ruby King 
Squash or Tomato 
Sweet Mountain 


Until recently most of the hot varieties were the same as when 
they w'ere first found by Europeans o\er 400 veal’s ago. One type, 
however, has been a subject for improvement sini’e about 1000. The 
large, long, hot ^pe vanously known as a Cayenne or Mexican type, 
or just as plain Chdi, is a very important xegetable in the Southwest. 
This should not be confused with either the ^ ery hot Cayenne variety 
or the very hot small Chili pepper that is used in making pepper 
sauce. It IS a large elongate sort that is eaten green or ripe and used 
fresh, canned, or dried. 

In 1903 Musser (14) introduced Anaheim ChUi, named for the town 
of Anaheim, Calif , an important center of production and drying of 
this type of pepper It was developed by mass selection from the 
Mexican Chili for longer, thicker-fleshed pods. It is still an important 
variety. 

About 1917 Garcia (16), of the New Mexico Agricultural Experi- 
ment Station, introduced Chili No 9, also a selection from the native 
Mexican type. ITo selected specifically for larger size, thicker flesh, 
a sloping shoulder to facilitate peeling, productivity, and general 
adaptability to canning under New Mexico conditions Incidentally, 
he obtained an intermediate resistance to fusarium wilt. The strain 
has replaced most of the older ones groxxn in the warmer parts of 
New Me.xico. 

Recently, by pure-line selection, Aliller, of the Louisiana station, 
has developed a number of highly uniform, intensely colored, produc- 
tive strains of vei-y hot peppers of the Tabasco and Cayenne types. 
The production of Tabasco peppers for making Tabasco popper sauces 
is an important industry in Louisiana. In 1935 Miller distributed 
Tabasco 10-1 and Tabasco 10-2. These xvero developed from the 
locally grow'n strains of the variety. Sport was distnbuted in 1936. 
It was developed by crossing the local Sport X Honka, an intensely 
red Japanese x'oriety, then backcrossing to Honka in an effort _ to 
further intensify color. A fourth production of Miller’s is Selection 
C-28-11, derived by inbreeding from a locally grown strain. Baton 
Rouge Cayenne. He selected for superior earlmess, greater pungency, 
yield, and resistance to cercospora loaf spot. 

Although the sweet varieties are much more important commer- 
cially than the hot varieties, less attention has been^yen to them by 
public research agencies in the United States This is doubtless 
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because of the keen interest private agencies have shown in the sweet 
peppers and the ve^ satisfactory contributions they have made. 

Two sweet varieties of pepper have been introduced by experiment 
stations, but so recently that it is impossible now to indicate their 
probable importance. The Waltham Field Station of the Massa- 
chusetts Amcultiiral Experiment Station mtroduced Waltham Beauty 
in 1935. It was selected from an unidentified variety. The Con- 
necticut station introduced Windsor-A in 1936, developed from a 
hybrid of California Wonder X Bountiful. _ Both of these new intro- 
ductions are early, show improved wall thickness, and are adapted 
to New England conditions. 

Practically all of the large-fruited, mild-fleshed varieties were de- 
rived by selection or the finding of valuable segregates of natural 
crosses. The pepper is cross-fertilized to a considerable extent, so 
that imder field conditions natural crosses betw'een varieties may 
occur frequently The parent varieties of most of the commercial 
varieties that have been prominent for the past 60 years are unknown 
and many of them are relatively old. 

As mentioned above, the hot varieties, except for very recent im- 
provements that hardly involve major varietal characters, have been 
known for 250 to 300 years and oven longer Among the sweet 
varieties the names of Bell or Bull Nose, Oxheart, and Squash have 
been current for over 160 years. Most of our present sweet varieties 
have come from these types. The types were first described about 
400 years ago. 

Just as the period from 1875 to 1900 was very productive of new 
introductions and selections of tomato, so it was with peppers. Al- 
though many new names and some improved stocks appeared, few 
really marked advances can be recorded. Many of the supposedly 
new introductions during that period represented varieties that could 
be recognized by detailed desenptions in the literature over 200 years 
old. We may bo safe in assuming that nearly all varieties known 
about 1850 were very old and that about half the “new” varieties 
introduced between i875 and 1900 had been known for 100 to 200 
years Table 1 shows only too well the fragmentary nature of our 
present knowledge of the origin of some of the better known varieties. 

There are a few varieties that command special interest. Chinese 
Giant and Rubv King are doubtless selections out of the old Bell or 
Bull Nose, ancf Chinese Giant represents no very great deviation 
from its supposed parent variety. It is rather late, tends often to be 
rough, and is only a moderate to shy producer. Ruby King, intro- 
duced by Buipee, was a real improvement over the ola t3rpe, having 
more attractive, uniform shape, higher productivity, and better 
quality. The cliief claim of Chinese Giant to fame* was its size. 
Ruby Giant and World Beater are two varieties of some importance 
that were developed from crosses of Chinese Giant and Ruby King. 
Royal King was selected from Ruby King, and Magnum Dulce, 
popular for many years, was selected from Chinese Giant. Although 
the records are incomplete, it appears almost certain that several of 
the moie recent introduedons also have been selected from one or the 
other of these two v’arieties or from crosses in which one or both were 
involved. Ruby King is still one of the half dozen most important 
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sweet varieties and is perh^s more widely rtowii than any other 
single variety.^ California Wonder is considered the most important 
improvement in many years^ on account of its large size, attractive 
form, uniformity, and \ ery thick, film fiesh. It is rather late, however, 
and not well adapted to the northern third of the United States. Hanis 
Eaily Giant, introduced by the Joseph Haiiis ^ed Co ,i8 very popular 
m the more northerly areas where California Wonder is too mte 


Table 1 — Origin of ^ome of the more important jicppii tartetien of the Lnited Slates 
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I nknow n x ery old 


• Approximate date 


The sweet peppers of the Sauash or Tomato type are veiy popular 
for home garden and local mMket use, bu^ are relatively unimportant 

Burpee, is the best known an^most important of these. A tempesl; 
rag^ a few years aro in the horticultural pre% over dedms that 
certam varieties of this group represented hybrids between pepper 
and tomato The new nam^ involved in the controversy implied 
hybrid origin, and the varieties were advertised and sold with the 
claim that they were new hybrids However, numerous botanists, 
horticulturists, and growers who know peppers and toniatoes have 
never been able to detect any trace of tomato characteristics in either 
the plant or the fruit. The tomato shape proves nothing, for that 
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has been known in peppers for about 400 years. Furthermore, tomato 
and pepper belong to such distantly related genera that crossing the 
two 18 believed to be impossible. There is, at least, no convinci^ly 
documented case of such a hybrid known, despite the fact that skillfiu 
workers have often tried to cross them 

Another interesting varietal development is that of the Perfection 
pimiento pepper, selected to meet a specific re 3 uirement by S. D. 
Riegel, of Georgia. The introducer of this variety was engaged m 
the canning of peppers and required a very mild, ve^ thick-fleshed 
sort having specific qualities of flavor and adaptability to canning. 
Since no such variety was grown in the United States at that time, 
he obtained seed of' a Spanish pimiento from Spain. The variety 
name was not stated, but it was probably Sweet Genua or a closely 
related form From this Spanish stock a single plant was selected 
having the desired characters and apparent adaptability to conditions 
in the southern United States The variety Perfection w as developed 
by selection from the progeny of this plant and first introduced to 
the trade about 1912. 

EGGPLA^T 

History 

The eggplant, Solanum tnelongena L , is belicied to be native to the 
Tropics of the Old World. It was refcrreil to in Chinese writings of 
some 1,500 yeara ago, and by various early writers in the sixth, ninth, 
twelfth, and thirteenth centuries (18). It appears to have been un- 
known in Europe in ancient times and is therefore believed to be 
Asiatic in origin. Vavilov (^S) has concluded through his botanical- 
geographic studies that there were two centers of origin, the first in 
subtropical or tropical India, the second in China. 

In the sixteenth century various writers described eggplants of the 
several colors known today — purple, yellow, white, ash-colored, green, 
and brownish. The oblong or elongated, pear-shaped, and round 
forms were also known in that early day. At present there is almost 
no interest in any but the purple-fruited sorts in the United States, 
but occasionally other colors are grown for ornament There is good 
evidence that no new or distinct types have been developed within 
historic time, although of course numerous variations or varieties have 
been found and propagated within each type. It is probable that 
considerable increase in size has resulted from comparatively modem 
efforts, because the varieties described early in the seventeenth 
centu^ seem to have been rather small A hundred years later de- 
scriptions are found indicating fruit sizes that are comparable with 
our present sorts. 

VUmorin-Andrieux & Cie., Paris (49), in 1856 described 7 varieties, 
including Long Purple, Round Purole, Chinese Long White, Large 
Purple, and Guadeloupe Striped Burr (6), in this country, m 1866 
listM these same varieties as of interrat here, and m addition described 
New York Improved. New York Improved and Long Purple ate 
still among the half-dozen varieties of commercial importance in the 
United States today. 

The eggplant does not have any great appeal to the majority of con- 
sumers m this country, so it remains a imnor crop — and probably will 
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^o remain for a long time This general latk of mteiest is reflected in 
the small attention it has received here from plant bleeders and invcs- 
tigatois There are few varieties grown m the United States, and 
httle 18 bomg done to produce new ones In the Orient, howevei , the 
situation 18 qmte diffeient The eggplant is one of the most impoi tant 
vegetables m Chma, Japan, and India, holding in those countiies n 
position more nearly comparable with thit of the tomato m Noitli 
\meiica Because of its extensive use and popularity m the Orient, 
numerous vaiieties have been developed and it has bwn the object of 
perhaps moie genetic and cytological study than m Eiiiope oi Noitli 
Ameiica Numerous oiiental vaneties have been introduced foi tnal 
by Ameiican gioweis and seedsmen but Inu e ne\ ei attracted interest 
Some of them ire qmte pioductive, but geiieiiilly they are of small- 
fruited types oi of ( olors that do not ippeil to us 

Brh>ding and Improvfmfnt 

\11 oui impoitant commeicial varieties uie the lesult of work by 
piivate gardcneis md seedsmen Most of them were doubtless ob- 
tained meiely by selection fiom the old long established types and 
repiesent mmoi rmpioxements except m fiuit size and umioiimty 
Unfortunately \se are unable to deteimine with ceitamty the tune, 
manner, and place of oiigm of om present viiieties 
The wlute, striped, and scarlet-fruited soits aie all very old and aie 
of mtercst only as novelties or ornaments, so they will not be discussed 
here 

Of the purple-f] uited sorts. Round Puiple and Long Purple doubt- 
less wore imported fiom Europe a century oi moie ago Vilmoim- 
Andneux & Cie (49) lists Lai^e Purple as of Aineiican oiigm, mtro- 
duced m 1854 1 he parentage is unknown 

Bun (S) lists New York Improved, indicatmg that it was derived 
from Laige Round It was described as having spiny leaves It 
appears that the variety was developed by selection about 1850 by 
Bull, a gardener and seed grower of Long Island, N Y , and named 
by him The modem strains of New Yoik Improved are spmeless 
Spineless strains have been available smee about 1900 

Black Pekm was a popular vanety for many years but is now rarely 
listed It was introduced from China about 1870 

Black Beauty appeared about 1900 It is said to have been oiig- 
mated by Ashcraft, a gardener and seed grower of Swcdesboio, N J 
TWe IS little question that Black Beauty has been the most popular 
eggplant vanety grown m the United States The mtensely daik- 
purple, or purphsh-black, fruits of medium-large size are very attrac- 
tive and ore laigely responsible for its outstanduig prommence 
The old Long Purple vanety has been the subject of selection ior 
earhness, particulaily in the Northern States Early Long Purple, or 
simply Long Purple, is the earbest variety commonly grown, but is 
grown extensively only where eaihness is essential 
The most important development smee Black Beauty is the Flonda 
High Bush It was mtroduced about 1905 by a Flonda grower who 
selected it for its tall upi^ht growth and habit of bearing its fruits 
well up off the ground This character is often of considerable un- 
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portance ns an aid in avoiding los^ from fruit rots or other damage 
resulting from contact with the soil. j 

The agricultural experiment stations of New Hampshire, Rhode 
Island, and Wisconsin are nil working for increased earlmess m egg- 
plant to permit its being grown profitably farther north Tim Central 
Experimental Farm of Canada, at Ottawa, has introduced Blackie, a 
selection smaller and earlier than Black Beauty that is also more pro- 
ductive in the North. . 

Kakizaki (33), in Japan, demonstrated the commercial feasibility 
of artificially produced hybrid eggplant from inbreds know n to be 
superior for the purpose In 1931 he introduced Black Bountiful, a 
first-generation hybrid which has been offered for sale in the United 
States by Japanese seedsmen. It is distinctly smaller than our well- 
established sorts and so has not become popular here. How'ever, it is 
early and very productive 

STUDIES OF INHERITANCE AND CYTOLOGY 
IN SOLAN ACEOUS FRLITS* 

Tomato 

The first investigators (17, 41) of tl‘6 mode of inheritance of specific 
characters in the tomato quite naturally and logically e.xamined certain 
of the most obvious features of plant and fruit, such as cotyledon size 
and shape, leaflet size and shape, leaflet surface character, plant stat- 
ure, growth habit, fruit color, fruit shape, and internal structure of 
fruits. Such studies have been made over the last 30 years, but the 
most conclusive results have been reported in the last 1 6 years, J. W. 
MacArthur, at the University of Toronto, and E, W. L«indstrom, at the 
Iowa Agricultural Experiment Station, are the most active in studying 
inheritance in “normal” individuals, while J. W, Lesley and M. M. 
Lesley in California, F. W. Sansome in England, beside lindstrom, 
are engaged with cytological studies, induced mutations, polyploidy, 
and the occurrence of aberrant forms. 

A large number of workeis have contributed to the present knowl- 
edge of inheritonce of specific characters in the tomato, but it is not 
necessary to cite here all the literature of all workers Table 2 pre- 
sents a summary of the characters studied to date, with data concern- 
ing dominance and indications os to whether the contrasted charac- 
ters are due to differences in one or more factors, hlost of those 
listed represent single factor differences. 

Unfortunately; the characters that we most desire to incorporate 
into our new varieties to meet new needs cannot be listed in the table 
at this time. These are resistance to sMcific diseases, such as fusa- 
rium wilt, verticillium wilt, nailhead, leaf mold, septoria, mosaic, 
streak, and curly top. Although there are many varieties showing 
a fairly high resistance to fusanum, a few resistant to nailhead, a^ 
resistance to leaf mold, nothing certain is knowm about the number 
of factors involved in resistance to any of these diseases, and there are 
only general unconfirmed indications of the dominance or recessiveness 
of resistance. 


•Tbu section li written primarily for stndents or otbere 
teoetlcs 


interested in breeding or 
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Tabu 2 — Inheritance in the tomato 
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Several difficulties have stood in the way of acquiring this much- 
needed information. First, strong resistance to certain of thew 
diseases is at present unknown in any form of tomato. Wide search 
has yielded no appreciable resistance to mosaic, _ streak, or cmly top. 
And in those cases where a de^e of resistance 's known, it is usually 
such an intermediate or partial resistance that it cannot be measure 
with any dependability. Until methods are deyeloped that will 
permit accurate detenmnation of the amount of resistance in a plant, 
under even a single set of reasonably standardized experimental con- 
ditions, progress nUl necessarily be slow. It must be possible to 
repeat tests with riven stocks and get results that vill consistently 
agree if we are to know much about resistance. 

Anotlier difficulty is space requirement and cost of conducting such 
tests with the tomato. Thousands of small-grain plants or peas can 
be tested on a few square rods of land or a few benches in the green- 
house; but in the field, 15 to 20 square feet is neetled for each tomato 
plant, and 3 to 4 square feet of precious space in the greenliouse. 
The worker with small plants can tost thousands or hund^s of lines 
where the tomato investigator can handle only hundreds or dozens. 

Tliere also has been too much pressure for quick practical results, 
and many workers have felt it necessary to luirry without being able 
to make the desirable and often essential preparatory surveys and 
studies. Now a number of research agencies are bucking up for a 
new start, but they are first carefully prepai^ to ferret out essential 
basic information before launching further into practical application 
of research. It is hardly possible to apply what isn’t known. 

In his quest for leaf-mold resistance, Alexander (f), at the Ohio 
station, has isolated apparently homozygous resistant lines from 
segregating progenies of a cross between an off -type resistant plant 
and the vanety Marhio. The off-typo plant bore very small fruits 
on simple inflorescences and appeared to do from a chance cross with 
the Red Currant variety. Von Sengbush and Loschakowa-Hasen- 
busch {45) have reported that Solanum racemiperum I^ange (known 
in the United States as Lycoperskon pimpinell\folium MiU.) is com- 

K resistant to leaf mold and that resistance in this species is 
a single dominant factor. They have also reported a recessive 
form of resistance in the variety Stirling Castle. Alexander’s data, 
although admittedly meager and not taken as part of a genetic study, 
also indicate a recessive resistance in Stirling Castle and a dominant 
resistance in Satisfaction, another English greenhouse sort. 

D. R. Porter, at the California station, has noted appreciable 
resistance in L. pimpinellifolium to western yellow blight, a virus 
disease, and is attempting through crossing and ba^crossing to 
incorporate the resistance rapidly mto acceptable conunercial types. 
He is also stu^ng the genetics of resbtance. 

_ Porte and Wellman, of the Bureau of Plant Industry, found one 
line of Lyeopersiconpimpinellijolium, when grown in heavily artificially 
infected fusarium wilt soil, to he practically munune to wilt and highly 
resistant to a number of leaf diseases. They used a technique aimilnr 
to Porter's in order to transfer higher degrees of fusarium resistance 
to commercial sorts than they commonly carry. By controlled pol- 
lination they have also developed a large numW of inbred linAa ©f 
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oomiiiercial varieties resistant and susceptible in all degrees. This 
was preparatoiy to determining the nature of such disease resistance 
as the lines posses^d, ^vhich might he use*! in further breeding. It 
has not been possible to observe consistent percentages of resistant 
and susceptible individuals in repeated tests of a stock or lino, or con- 
sistent degrees of injury to the plants in repeated inoculation tests. 
The effects of the texture, moisture, hydrogen-ion concentration, sol- 
uble salts, temperature, and fusarium content of the soil, the t^iper- 
ature and humidity of the air^ tlie effect of liglit, age, and size of plant, 
and other such factors upon infection and reaction of the plant to the 
parasite are almost if not entirely unknown. These must bo learned 
and test conditions properly standardized before dependable compar- 
isons of resistance can be made Special studies arc^ therefore, in 
progress in efforts to perfect a technique for dealing with the incom- 
plete type of fusarium resistance, the only tj'pe definitely reported to 
date. 

C. M. Tucker, at the Missouri station, has recently reported to the 
writer that among many seed lots of Lyeoperwon pimpindlijvlium 
tested, one ajipears to possess complete dominant resistance to fusa- 
rium wilt. Other lots cither were 100-percent susceptible or showed the 
intermediate resistance that is typical of resistant commercial vaii- 
eties At this writing his studies have not proceeded far enough to 
determine more. 

A number of other investigators are busy with disease resistance 
and with selection for improved adaptation to specific requirements, 
but reports are not now available as a basis for discussing their work. 
(See list of projects and workers in tlie Appendix.) 

Wellington {SI) reported yields of Fi inter\arietal hybrid tomatoes 
about 21 percent higher than the yields of the more productive parent, 
45 percent higher than the mean of the two parents, and 71 percent 
higher than the lower yielding parent 

Linkage in the Tomato 

Thus far, the chromosome map of the tomato hardly has its outlines 
well drawn MacArthur {34, 36, 36, 37) and Lindstrom {£9, 30, 33) 
have made the major contributions to knowledge of this problem. 
Of some 20 genes that are known, the positions of 16 have been located 
on 10 of the 12 pairs of chromosomes. Six of the groups now contam 
two or more known genes. 

The chromosome map showing the linkage groups and the probable 
order of the genes within the groujis may be represented roughly 
as follows: 

Chrotnoaume 

I Di-P-0- 

carlinc 
11 R (7) 

III B-Y 

IV C-3,. 

V F-Ax- 

The second, sixth, eighth, and ninth chromosomes each bear but 
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L (and genes for earh- 
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Currence (7) has recently pointed out a relation between genes of 
the DiPOS region of the first chromosome and genes affecting enrliness 
The actual nature of the factors involved has not been determined, 


but D and DP lines were, on the average, 9 and 14 days earlier respec- 
tively than corresponding d and dp progenies. 

MacArthur (36) has also recently added evidence of a possible 
link^e of genes for earlincss and size — if there arc such— with certain 
qualitative factors. He showed that I, a recessive gene for yellow- 
^een foliage, retards maturity about 2 weeks and reduces fruit size 
30 percent. The author recognized that the existence of size and 
earhness genes linked with / was not demonstrated, for the effect 
might possibly be due directly to I or other genes. 1 1 is logical to 
suppose that t woidd have a marked direct effect on plant and fruit 
development. 

It is unfortunate that we do not yet have accurate information 
regarding inheritance of disease resistance and possible linkages with 
qualitative genes. Some observations might lead us to suppose that 
at least certain types of resistance are linked closely with specific 
characters. „ , , , ^ 

Cytology of the Tomato 


Thus far ve^' little if any attention has been given to the cytol^y 
of hybrids of Lycopetneon ewulrntum Mill, and related species. The 
lareo number of small chromosomes make cytological study quite 
difficult. In the intensive drive for discose resistance, however, it 
seems sure that wider and wider crosses will be attempted, with the 
failures, sterilities, and various aberrations that accompany such 
efforts. Workers will then find it necessary to study l^th the normal 
and the abnormal material cytologically more than has been done in 
the past. 

Most of the cytological work done on the tomato has been in the 
study of triploids, trisomics, and both natural and artificially induced 
tetraplouls All three of these chromosomal aberrations occur ratlier 
frequently in cultivated fields and may become evident through the 
departure of the plant from the typical vegetative form and fruitful- 
ness of the variety in w'liich the aberrations appear A number of 
these hate been described in detail by Lesley (26, 27), Lindstrom 
(31 ), and othere. In general the plants are characterized by a sturdier, 
stockier appearance; thicker, more rugose leaves; and little or no 
fruit. Tliey generally produce a large proportion of abortive pollen 
and may be unfruitful for that reason if not for others. 

The normal « number of cliromosomes in the tomato is 12, and the 
2n. or somatic number is 24. Aberrant plants have been found with 
25, 26, 27 (aneuploids), 30 (triploids), and 48 (tetraploids) somatic 
chromosomes, and also some with fragments of additional chromo- 
somes. i^ley (87) has obtained 12 different simple trisomics, each 
wnth a different supernumerary chromosome, by crossing a triploid 
(2n=36) plant with a normal diploid (2n=24). He has identified 
thcM as Triplo-A, Triplo-B, Triplo-C, etc , depending on which one 
of the 12 chromosomes occuirod as a supernumerary. These identifica- 
tions of extra chromosomes and the determinations of trisomic ratios 
m the progenies of hybrid trisomics have afforded additional confirma- 
tion of the connection between genes and chromosomes and may add 
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to knowledge of linkage relations. An understanding of what is hap- 
pening to the chromosomes of these aberrant plants helps to make it 
clear why they will not breed true and why it is so difficult, if not 
impossible, to make practical use of certain desirable characters that 
some of them have. 

Several workera— Winkler (BS), J0rgen8en (23), Sansome (44), and 
others — in addition to those alreac^ named have induced the for- 
mation of tetraploids by cutting off stems of plants. Callus tissue 
rapidly forma un<ler proper conditions, and in this tissue cells are 
occasionally formed wdth 48 instead of 24 cluoinosomes. Some of 
these cells may develop into shoots and continue growth in a more or 
less normal maimer. Since these tetraploids are usually ncnrlv sterile 
or quite so, and since they do not breed true, they are usually prop- 
agated vegetatively for experimental purposes Thus far there is 
no proved case of a conmiercially valuable tetraploid. 

Lindstrom (Sf)haareportedahighlyfertilc tetraploid oi Lycopei nicon 
pimpineUifoltum obtained from callus tissue, but it is apparently the 
only such case noted Some are inclined to believe tliat the parent 
plant was not homozygous but that L. esculentum was involved. Tlif 
tetraploid was cross-sterile with the parent type. 

A variation with less than the normal number of chromosomes has 
also been observed Lindstrom has described a Iiaploid tomato (12 
somatic chromosomes ns well as 12 in the genu cells). It was found 
in the F 2 of a \niietal cross of completely fertile \ arietics. The hap- 
loid was smaller than normal and almost completely stenlc. Its 
pollen was apparently impotent and few seeds were borne when other 
pollen was applied to its flowers. There was no tendency to pairing 
of the chromosomes, but evWence of a tendency toward reduction or 
separation m the iiieiotic division. It appeared that any germ cell 
receiving less than 12 chromosomes aborted. 

A few diploid colls were noted in roots, so the plant was carefully 
perpetuated by cuttmgs in the hope that doubling might occur in a 
cell destined to become a growing tip and thus give rise to an abso- 
lutely homozygous tomato. Not only diploid but tetraploid plants 
were finally obtained. 

Lesley and Lesley {28) have obtained tomato plants bearing frag- 
ments of single chromosomes by crossing a double trisomic (2/1-1-14-1 
chromosomes) with a normal plant. Certain of the progenies of this 
cross variously contained 2n4-l, 2n+l+si fragment or 2n-t-a frag- 
ment. These fragments or incomplete supernumerary chromosomes 
represent a partial trisomic condition. Such plants resemble certain 
tr^mics. It lias been found that fragmentation occurs in those un- 
paired chromosomes that lag behind in the course of meiosis. 

The results of chromosome injury or of “knocking out” factors from 
chromosomes by irradiation may well be considered at this point. 
Lindstrom (32) irradiated various portions of tomato plants with 
radium-beanng needles. Irradiation of growing tips induced the 
most variations in the progeny of the treated plants. The irradiated 
parent plants showed no sudden variation except what could be ac- 
count^for as a result of direct injuiy by the radium in cases of over- 
dosage. The progeny of these plants, however, showed much sterility. 
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>llen abortion, and malformation, supposedly caused by chromosome 


From these progemes Lindstrom isolated six variations that bred 
true and were shown to be due m each case to a single recessive factor 
Five of these never before had been observed m tomato, while I for 
yellow fohage was shown to be the same factor that had been known 
for many years (table 1 ) 

MacArthur (38) accomplished somewhat similar results by irradiat- 
mg seeds with X rays All plants and fruits from these seeds were 
normal, but their progeny showed 12 4 percent of mutants of diverse 
forms — all of them economically worthless There were many lethals 
and semilethals among them, only about a dozen being capable of 
perpetuation in the homozygous condition Most of the variations 
appeared as chlorophyll and leaf abnormalities, and the plants were 
very sloW'^rowing Most of the new characters susceptible of genetic 
study, as in Landstrom s radium induced variations, behaved as smgle 
recessive factors „ 


The principal contributions to the knowledge of inheritance m the 
pepper have been made by Halstod (17), Webber (SO), and Dale 
(8. 9, 10) m this country, Ikeno (30, 31) m Japan, Atkins and Sherrard 
(f) m England, and Deslipando (11) in India These workers ere m 
general agreement on the inhentance of a number of characters but 
disagree on others In cases of disagreement it appears that the more 
recent workers are probably more nearly corrett because they have 
generally used larger progenies and have studied the results m F 3 and 
backcross geneiations as well as in the 1 , and Fa generations In 
some of the eailier work the impoitance of environment m its effeet 
on expression of specific ( haiai teis was not fully appreciated and di£R- 
culties were encountered In table 3 are presented data on the inher 
itam 0 of 16 characters in pepper Conflicting data are not presented, 
but only those belies ed to oe most dependable as indicated by the 
respective experimental procedures 

All mvestigators of foliage and flower color agree on the donunance 
of purple A o\ er nonpurple a and on the close Imkage or identity of 
factors responsible for foliage and flow er color Deshpando (/ / ) , how 
ever, only recently pointed out the effect of a second factor for purple 
foliage, an intensifler, B, which is without effect when A is absent 
Numoious workers agree that red color of the npe fruit is dominant 
over yellow and that gieen color of the immature fiuit is doimnant 
oxer yellow Each is due to a single factor Again Deshpando (11) 
contributed new information when he showed the effect of A upon 
fruit color Plants with purplish red fruit crossed with pure yellow 
gaye four color types in a typical dihybnd 9 3 3 1 ratio in the Fj, 
namely, purplish red, puie led, yellow oxercost with purple, and pure 
yellow He also Minted out a close association between fruit color 
and seed color Red fiuits bear reddish-yellow seeds, while yelloA 
fruits bear hght or pale yellowish seeds 
Dele (8) plotted si/e distnbution curyes of pod lengths of Fi and Fj 
progemes of Coral Gem X Anaheim Chih (short X long pod) and cer- 
tain backcrosses The cun es w ere skew ea when plotted agamst class 
mten als of equal anthmetical magmtude,but werenormal when plotted 
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on a loganthmic basis It was concluded that the several undetermined 
factors for pod length exerted proportionate rather than additive 
effects, and that there n as no disturbing influence of dominance 


Table 3 — Inheritance m the pepper (Capsicum annuum) 



Branching habit, leaf sire, and fnut sire were shown by Webber (50) 
and others to be controlled by several factors, as evidenced by the 
intermediate character of the Fi and the occurrence of all gradations 
of habit or size m the Fj 

Kaiser (^4) showed the hereditary position of the fruit (pendent v 
erect) to be due to a response to geotropic stimulus rather than 
orientation with reference to the plant axis or branch A single 
dommant factor is responsible for the pendent position 

Dale (10) studied a leaf \anegation m the pepper, which he found 
to be mhented maternally Ikeno (il) observed other variegated 
forms m which the v allegation was transmitted by either male or 
female gamete fifing of these races yielded only vanegated off- 
spring Crossing vari^mted with green resulted in dilution of the 
vanegated character Cytoplasmic transmission is thought to have 
118004 •— ax 14 



202 


YEARBOOK, 1937 

boon imohocl in both those mstanoos Other workers deahne with 
other plants ha\ e reported many cases of apparently cytoplasmic 
inheritance, particnlaily in cases of leaf variegation 

Witli one exception, all reports on the chroinosoino niiinbcr of pepper 
are in agreement. Kostow, according to Huskins and La-Cour {19), 
report eoa hnploul number of 0 for Cap'^ieum annvum, but later w'orkers 
have consistently reported 12 ITti'-kms ami La-Cour {19) studied a 
dozen varieties among three subspecies and found only normal figures 
of 1 2 ohroniosonies in the haploid and 24 in the diploid states. Dixit’s 
{12) results agiced with these 

No such interesting obseixations of polyploidy Inno been made in 
pepper as in toiiiafo It can hnidly be said that polyploidy does not 
occur in jiejiper, but a search of recent literature failed to reveal record 
of studies of polyploids or chromosomal aberrations in this plant 
t’ases will come to light as the cytologi^t luins more attention 
to it, no doubt, for the family Solnnaceae is one of the most produc- 
tixe of these types of xnriation 

DcGPLvxr 

As mentioned aboxo, the eggplant has been studied \ery little from 
the cytogenetic standpoint, and most of the work done has been by 
other than Ihiited States iincstigatois 

Halsted, of New Jersey {17), N’olla {39), of Piieito Rico, studymg 
at Cornell I’nixersity, and Kaki/aki, in Japan {25), have studieif the 
inhentancG of color 

ITalsted found two paiiw of genes for fruit coloi. Purple skin r. 
colorless skin is duo to a single dominant gene, as is also green flesh v. 
white flesh He obtained four color types- P(1 purple (purple skin, 
green flesh), Pff puik (purple skin, white flesh), pO green (colorless 
skin, green flosh), and pg white (colorless skin, white flesh). lie also 
studied a variegated fruit color that ho found to be recessive 

Nolle confirmed Halsted ’s studies on fruit color and extended his 
observations to leaf and stem color, corolla color, and a striping of the 
anther. Ho found purple color in xegetatixo and floral parts to be 
either very closely linked with fruit color and with each other or con- 
trolled by the same gene. Without exception fniits with purple skins 
were borne on plants with violet or purple corollas and purple-tmged 
foliage. Oreen-fruit forms were borne on pure green plants with 
white corollas. Violet or purple corolla v. winte was due to a single 
dominant factor, as w as stnping r. nonstriping of the anther. Mono- 
hybrid ratios in close confomiity to the theoretical w ere obtained in the 
Fa for all these charactera. 

In his studies of hybrid vigor hi eggpliuit, Kakizaki {26) determined 
the seed and fniit weights, stem diameters, and heights of some 30 
intervarietal crosses. He also recorded the Fi behavior with reference 
to branching habit, leaflet size, fniit shape, color, and occurrence of 
caly.x spines. 

in the Fi generation branching, leaflet size, fruit shape, and calyx 
spiiiTO were intennediate between the parents. Purple skin was 
dominant over white. 

The mean seed weight of 30 crosses xvas 1 8 percent heavier than tliat 
of the mother parents. These results were generally consistent in 3 



203 


TOMATOES, PEPPERS, AND EGGPLANT 

successive years, and were compared with selfed maternal parent 
seeds grown in the respective years. 

The Fi plants showed a mean stem diameter and he^ht increase of 6 
^rcent over the mean of the parents, and 36 percent increase in yield. 
T^e _F| progenies were 70 percent more productive than the lower 
j^elding parent and 17 percent more than the higher yielding parent. 
The best two parents for crossing gave Fj prc^enies 90 percent more 
productive than the standard. Other Japanese workers have also 
noted marked hybrid vigor in e^lant. This work led to the com- 
mercial production of h 3 ^rid scm mentioned above. 

It docs not follow, however, that all inter\’arietal crosses w ill prove 
to be subsequently productive in all respects Rno Balaji (^3) has 
noted a high degree of partial sterility in the Fi plants of certain wide 
crosses of Indian varieties. The pollen was 90 to 95 percent abortive. 

Yasuda (53) has induced the formation of fair-sized parthenocarpic 
eggplant fniits by polhnating the flowers with petunia pollen, Cyto- 
lo^cal study showed that the petunia pollen tubes never reached the 
iiucropyle of the eggmlnnt ovule, indicating that the stimulus of polli- 
nation alone induced ovary development. Iniections of an extract of 
petunia pollen into o\arian tissue of the eggplant proiluced a similar 
effect, but tomato pollen extract was less effective 
The haploid chromosome number of eggplant is 12, the diploid 24. 
A few cases of polyploidy have been observed, but thus far none has 
any economic value. Junaki Animal (22) found a tetraploid in a 
field culture that was nearly barren. Among the progeny of this 
tetraploid, triploids (36 chromosomes), tetraploids (48), and aneu- 
ploids of 44 to 46 chromosomes were found. He concluded that the 
triploids arose from a diploid pollen grain. Selfing of one of the trip- 
loids yielded 14 seeds, which produced 13 living plants Of these, 2 
were "tetraploids and 11 w ere near-tetraploids, the counts of wluch 
could not all be determined with certainty. All these plants with 
aberrant chromosome numbers were decidedly undesirable from an 
economic standpoint and w’ere almost entirely sterile. 
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BREEDING AND 
IMPROVEMENT 
OF CUCURBITS 

T W WHITAKER, ABSociate Gencticut 
I C J AGGFR, Senior Pathologi<>t 
Diriuon of Fruil and Vegetable Crops 
and Diseases, Bureau of Plant Industry 

The cucurbits — cucumbers, muskmelons, watermelons, pumpkins, 
and squash — belong to the family Cucuibitaceae Botamcally they 
form rather a homogeneous group While they are extiemelv di\ erse 
in fruit and vine chaiactenstics, then floral stnictiiies .11 e 111 mnnj 
respects very similai 

In general, the famih is characterized by the flow enng habit know n 
as monoecious A monoecious species or v anety is one that bears its 
pistillate 01 female oigans of reproduction and its stammate or male 
oigans m separate flow eis, both kinds of flow ers occurrmg on the same 
plant In the Cucurbitaceae the female and male flowers are easily 
distinguished, even befoie thoj open The showy corolla, 01 petals, 
of the pistillate flowei is attached to the end of an easily recogni/able, 
small, undeveloped cucumbei, squash, or melon as the case may be 
(flg 1 , A) The male flow er is at the end of no ordinal} flow er sUm 
w ithout any enlargement (fig 1 , B) The corolla suirouncU the pistils 
or the stamens m the respectiv e sexes 

Cucumbei, squash, and pumpkin are normallv stnctlv monoecious, 
but certain v aneties of muskmelon and w atermelon show a modifica- 
tion of this condition that is termed andromonoecious An andro- 
monoecioiis plant is one that bears bisexual or complete flowers, 
instead of strictly pistillate ones, m addition to purel} stammate 
flowers 

Although at a cursoij glance these bisexual, tomplete, or hermaphro- 
dite flowers appear hke ordinary pistiUates, examination within the 
corolla w lU show the presence not onl> of the stigmas but of functional 
stamens as well Such flowers can be self-fertih/ed bv their own 
pollen, or by the pollen from a purely stammate flower or from an- 
other complete flow ei on the same jdant 

Our knowledge of the genetu s of the cucurbits is v ery meagei and 
fragmentary There are seveial reasons foi this rrobably the 
most important one is economic The plants are large, and the space 
required to produce the numbers demanded for statistical significance 
in genetic experiments is enormous Recently, however, promising 
results from systematic bleeding programs with melons, watermelons, 
and squash have enriched our knowledge of the fundamental genetic 
nature of these crops (fS),‘ and this in turn should be useful in further 
breeding work 
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Figure 1 , — Squash blossoms, structurally typical of the cucurbits: A, pistillate flower 
showing undeveloped fruit to which the corolla is attach^; 

B, Btominate or male flower. 


BREEDING RESPONSES AND POLLINATION TECHNIQUE 

Studies made by numerous mvestigatois of the cultivated cucurbits 
show that the seveial species aie alike in certain breeding lesponscs 
and variations in leproductive behavior. These points may well be 
treated here, since they seem to apply to the several crops. 

Haber (8), ivoiking with Des Moines squash, a trailing variety of 
Cucvrbita pepo L.; Scott (Z5) with thiee bush types of 0. pepo 
(Y^ite Bush Scallop, Giant Summer Crookneck, and Zucchim), and 
fdso {23) with muskmeloi^ Porter {18) ivith watermelon; Cummings 
and Jenkins (3), wdth Hubbard squash, a vaiiety of C. maxima 
Duchesne; and other investigators have shown that loss of vigor does 
not necessarily follow as a result of inbreeding these plants. This is 
quite contrary to the usual situation with normally cross-bred plants. 
Scott and Porter have shown that inbred lines having greater, equal, 
and less vigor or size of fruit may all be isolated from a given individual 
and that no difficulty may be expected from self-sterility in such 
inbreds. The work of Rosa {21), of Scott {25), and of Porter {18) 



CUCURBITS 209 

m^cates t^at hybrid vigor do^ not occur aa a result of crossing 
inbreds — also contrary to w^t m^ht be expected. 

sou^t evidence of metaxenia in miiskmelon and 
lubbard (0) m squash, but no such phenomenon was observed in 
either case, Metaxenia here refers to an immediate effect of pollen 
upon the character of the fruit or gross seed characters. 

The constancy of these results for a wide range of varieties among 
several species of the cucurbito is rather conclusive evidence against 
the loss of vigor from inbreeding or the occurrence of hybrid vigor or 
of metaxenia m any of the cucurbits discussed in this article. 

Another characteristic common to cucumber, squash, muskmelon, 
and certain other cucurbits is the wide variation within varieties in the 
ratio of male and female flowers. This ratio is profoundly influenced 
in many varieties of cucumber by changes in season length of day) 
^d in nutrients (5, £S ) ; and in squash by season and load of develop- 
ing fruits borne by the plant (24)- Under certain unfavorable 
conditions some varieties may become almost monosexual (all pistillate 
or all staminate), so that the mvestigator has great trouble in obtaining 
the d^ired set of fruit and seed. 

Whitaker (Sf ) has published a brief review of the literature on this 
subject, toge^er with data on the typical sex expression of 49 varieties 
of cucurbits in 8 species and 4 genera and on deviations from typical 
expression in each species. Ifis data showed very A\nde fluctuations 
in the ratio of male to female flowers in the several varieties and 
species. He concluded that sex determination in these cucurbits 
appeared to conform to Correns’ theory as applied to monoecious 
flowering plants. According to this theory the gene complex for 
maleness may be represented as A and that for femalcness os B; 
another gene or complex, which may be indicated as Z, determines 
the seouence of activation or expression of A and B, A and B in 
themselves are believed to be relatively stable, but Z, which represents 


T\%'ELVE years ago, pmvdery mildew suddenly appeared in 
destructive form on melons in the imperied Valley, Calif., the lead- 
ing muskmdon-producing section in the United States. It could 
not be controlled by fungicides, and plant breeders began a seardi 
for disease-resistant material. In 3 years of careful testing they 
discovered severed resistant varieties among mdons imported from 
India. They were poor melons, hut by suitable crosses their 
resistance to mildew was bred into good American varieties, and in 
another 4 years the first of the hybrids was released to California 
growers. Four more years of selection gave Powdery Mildew 
Resistant Cantaloup No. 45, ubidi has superior shipping qualities 
in addition to ^Usease resistance. This was rdeased to growers 
in 1936, and the mildew problan is now Iqrgdy solved in this area. 
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the factors controlling the expression of maleness and femaleness, 
may be responsible for a reaction to environment that results in 
stimulation or retardation of ^ or B within very wide limits. 

The pollination technique developed by Porter (18), working with 
watermelons, illustrntcs the general method einploycd in making 
controlled pollinations with flowers of the cucurbits. Approximately 
24 hours before the flowers open, pistillate and staminate flow'ers are 
selected and covered with small muslin bags (in the case of melons 
and cucumbers, 1-pound manila bags are satisfactory) As soon ns 
possible after tlie flowers open, the staminate flower is removed and 
its pollen is applied to the stigma of the pistillate flower. After 
pollmation, the ])istillate flower is covered with a 1 -pound manila 
bag, held firmly in place by string or a paper clip Tlie pollination 
data are written on a tag attached to the flowei, oi directly on the 
paper bag. vSeveral days after pollination the bags are removed, the 
iruit is tagged, and its location is marked by a stake. 

It has been found unnecessaiw to co^er the staminate flowers with 
a bag before they open. By placing a string around tbo corolla the 
flow'cr is prevented from opening, ami insects cannot enter Tliis 
eliminates one step in the process and increases the number of flowers 
that can be pollinated in a given length of time. Hermaphriidito 
flowers that are to serve os the female parent in a cross must not only 
be bagged lieforo they reach full bloom but emasculated before the 
anthers shed pollen, to prevent self-pollination. Since the anthers 
may discharge pollen 24 hours before the flowem open, emasculation 
should be done more than 24 hours before opening Furelv pistillate 
flowers that require no emaseulation need not be bagged before pol- 
lination, but the corollas may be tied shut as described above. 

CUCUMBERS 

Tnn cucumber, Oucumis sativum L , is supposedly a native of India 
(30), although plant explorers have never been able to discover a 
wild prototype Cucumbers have been cultivated since earliest 
antiquity Reliable records indicate that they were used as food in 
ancient Egypt, and were a impular vegetable with the Greeks and 
Romans. Tliey are very important staple vegetables among the 
Russians and many orientals In the United States cucumbers are 
widely grown in home gardens, in local-market gardens, and on truck 
farnm for shipping, but in spite of theh wide distribution under 
cultivation, their conmicrcial importance is not so great as that of 
some of the otlier cucurbit crops. 

Yabietal Improvevient 

Cucumbers are usually divided into two classes according to use — 
slicing varieties and pickling varieties. This distinction is maintained 
even though the slicing variety may be used for both purposes. The 
plants of slicing varieties produce a moderate number of medium- 
length thick fruits generally wdth white spines. The pickling varieties 
are characterized by the production of very numerous, small, black- 
spined fruits. Tlie fruit? of most picklmg varieties are so small, 
while still immature, that they are not adapted to slicing. 
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In England, a special forcing typo of slicing cucumber is groivTi in 
ereenlious^. This type sets fruit without any pollination and the 
fruits attain great length— over 2 feet in some varieties. Unless 
pollination is insured, the fruits are seedless, straight, dark green, and 
generally spineless. American consumers, however, do not like the 
huge English type, and American jgreenhouse varieties are eitlier of 
the White Spine slicing type mentioned above or of an intcnuediato 
hybrid type somewhat longer than White Spine and darker green 
Most growers of greenhouse cucumbers in tliis country' use especially 
adapted strains ; many use their own selections. 

_ With one e.xception, all of our extensively grown commercial varie- 
ties of cucumber are tlie results of breeding, selection, or introduction 
by private growers and seedsmen Many of the names commonly 
listra are very old and represent varieties introduced froili 

Europe. The origin of very few varieties is a matter of record, e\ en 
in the case of comparatively recent introtluctions. Confusion in 
names is perhaps more extreme in cucumber \ aneties than in many 
other crops because of the ill-tlefined nature and lack of stability of so 
many of the supposed varietal characteristics. Vine habit, beaniig 
habit, fruit size, shape, and color are all subject to marked variation 
under different conditions of culture, making the identification of 
varieties difficult. In all cucurbits, natural cross-pollination within 
a species complicates the problem of maintaining the purity and 
uniformity of stocks and varieties, but mixtures are especiallv difficult 
to detect jn cuciimbers because many so-<*allcd x aneties have few 
really distinguishing features. With the exception of special green- 
house types and noxelties, there are probably not oxer 15 to 20 really 
distinct cucumber x arieties groxx n in this countrj'. 

It is questionable w'hether many of the supposeilly superior varieties 
introduced successively in the last 50 years repiesented improx ements 
distinct enough to justify new x ariety names Seedsmen a nd growers 
hax'o long attempted to develop varieties that will produce fiuits of 
good size, unifonu cylmdrical sliape, and attractix'e dark-green color 
before they begm to show signs of full maturity. Color is espe- 
cially important because paleness or a yellowish tinge suggests too 
advanced maturity. A uniform dark green is most desired, and of 
course the flesh must bo tender, crisp, and free from objectionable 
flavor. 

A more recent breeding objective, not yet realizeil, is to dcx'clop 
varieties with a xdde range of adaptability and resistance to x'arious 
adverse conditions that result in low yielas and poorly shaped fruits 

Early Cluster, Early Frame^ Early Kussian, Ixnig Green, and White 
Spine W'ere listM by the earhest seed catalogs in the [Tnited States, 
and have been grown here for at least 123 years. The first three an* 
small, early, prolific varieties typical of the black-spinwl type, the 
last two bear lai^r, less numerous xyhite-spined fruits that are more 
like the present popular slicing varieties. The origin of none of them 
is known. . . 

Improved Long Green is a very long (12 to 13 inches), black-spmed, 
dark-green, slightly tapered, late x'anety selected from London Ixmg 
Green by D. M. Feny & Co. and introduced in 1872. Arlington 
White Spine, a selection from ^Vhite Spine that appeared about 1880, 
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is still a leading strain of White Spine It is about 8 to 9 inehes long, 
2K inches in diameter, medium green, and has a tendency to turn pale 
green or white at the blossom end. Da\is Perfect (1905) was origi- 
nated by Eugene Da\ is, of Grand Rf^ids, Mich , from a cross between 
White Spine and Telegraph, an English forcing variety. Davis 
Perfect is about 10 inches long, 2)i inches in diameter, wliite-spined, 
smooth, dark green, and distinctly tapered at both ends. Fordhook 
Famous, introduced by W. Atlee Burpee & Co. in 1 902, was originated 
by A \iclnnis, a grower in Ontario, Canada, who selected it from a 
cross of White Spine and Noa Forcing, made about 1894. It is a 
typical White Spine tj jie, showing but httle of the Noa Forcmg charac- 
ter. Early Fortune was selected from a field of Davis Perfect by 
Geoige E. Starr in 1906 and introduced by the Jerome B Rico Seed 
Co. This has been an important and p<>pulur White Spine type for 
many years on account of its desirable size (about 8)2 by 2M inches), 
attractive cylindrical shape with roundetl ends, good retention of 
green color, and productivity. Other popular current varieties are 
Stays Green or Black Diamond, Klondike, and Longfellow. The 
origin of these is obscure. 

Deltus, a popular forcing variety, was obtained from a cross be- 
tween White Spine and T^by Hybrid maile 111 1896, the progeny of 
which was later crossed with iLong Green. Adelbert Titus, a grower 
near Rochester, N. Y., originated the variety. Another popular 
variety of the Rochester district is the Irondequoit, developed by 
J. H. Wirt & Sons from a cross of White Spine and Tclegrapn 
made in 1904. In 1929 the New York Agrumltural Evperiment Sta- 
tion at Geneva, N. Y., introduced a partlienocarpio (seedless) va- 
riety named GeneNa. It was de^ eloped from a cross of Arling- 
ton White Spine X Rochford Market made in 1916. All three of 
these are intermediate between the White Spine and the English 
types. 

It is evident that the old White Spine is involved in the parentage 
of nearly all the slicing varieties grown m this country, both field 
and CTeenhouso types. Except in cases of known hybridization witli 
Black Spine or English forcing sorts, one might be justified in con- 
sidering all our white-spined field types simply as strains of White 
Spine. 

Of the pickling type, Boston Rckling (1865), Chicago Pickling (about 
1880), National Picking (1929), and Snow Pickling (1906) are by far 
the most important. The first two are selections from unknown va- 
rieties grown near the places of origin indicated by the names. Snow 
Pickling was introduced by J. C. Snow, of Rockford, 111 , in 1906. 
Nationm Pickling was developed by George E. Starr, of the Michigan 
Agricultural Experiment Station (1929), to meet the specifications of 
the National Pickle Packers' Association, who cooperated with the 
station in the work. The pickle packers desired a variety producing 
a large nuinber of small, black-spined, daik-green fruits, similar to 
Snow Pickling but more nearly cylindrical or blocky, having the 
same diameter well out to the ends instead of being shghtly tapered. 
These specifications are of special interest to those who pack 
pickles in glass containers and desire the most attractive product 
possible. 
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Dise\3e Resistance 

Reference to the appendix at the end of the section on \ ej!;etables in 
this Yearbook nill show that sei eral im estigators, both in the United 
States and abroad, are trying to de\ elop good comnierc lal i aneties 
haling lesistance to one or mote of seieral diseases, particularly 
mosaic, downy mildew, and bacterial wilt 

Mosaic IS a senous problem wheieier cucumbers are grown in the 
Central, Eastern, or ^uthem States particulaih in the areas de- 
loted to pickhng i aneties Losses of 15 to 30 percent of iionnal 
production mai be exiiected annualh, aud m many isolated cases 
much heaiier losses occur 

Downy mildew is generalh distnbuted It is especiallj se\ere m 
the South, wrhere it is in eflect the doimnnnt linuting factoi in cu- 
cumbei production The losses usuallv depend on how eaily the 
disease attacks the plants, for it occurs e\ery yeai and temunates 
harvestmg soon aftei it becomes established m a field Thorough 
spraying two to three times weekh is often an inadequate although a 
\e^ expenai\e attempt at control 

Bactenal writ is a seiious disease, in the Central and Eastern States 
in particulai Plant pathologists estimate general losses to be 10 
to 20 percent of a normal crop, while often ceitain fields may be prac- 
tically a total loss 

The Bureau of Plant Industi y has obtamed a number of stocks of 
oncntal varieties of cue umbers chiefly from C hma Japan, and India, 
some of which contain distiiutlj disease-resistant mdiMduals Con- 
siderable tolerance to mosaic lias been found in ceitam inbied lines, 
and in some a measuie of lesistance to mildew and to wilt Iligh- 
quahty Aniencan susceptible a aneties haxe been ciossed with the 
low-quahty resistant kinds and the hybnds back-crossed to the 
Amencan parents Inbieedmg is also bemg contmued in efforts to 
isolate Imes that are pure (homozygous) for lesistance to specific 
chscasos 

Bailey and Burgess, at the Marne Agncultuial Experiment Station, 
are engaged m breedmg oiiciimbeis resistant to scab This disease 
causes very severe losses bx spottmg the fruits, makmg them un- 
salable, as well as b> leducmg Yields It is confined almost entirely 
to the northernmost States Inbred Imes of commercial x aneties are 
subjected to artificial moculation to determme resistance oi suscepti- 
bihty A number of Imes apparently homorygous for resistance have 
been isolated Prehmmarj studies mdicate that resistance is dom- 
mant and due to a small number of factors, possible only one 

MUSKMFLONS 

It is generally behexed that the muskmelon {Cucurms melo L) is 
native to India (50) Although there are mdications that it was m 
use about the b^mning of the Chnstian Era, it is not beheved to 
haxe been m cultixation m xery ancient times 

From Its center of ongm m northwest India it spread to Chma and 
Japan but has not reached a high state of dex elopment m those lands 
To the westward, m Iran (Persia), m Turkistan, and in other legions of 
Asia Mino r and about the Mediterranean, it was dex eloped to a veiy 
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liigli state of perfection. Columbus first brought the specie to the 
Now World, and the natives of the West Indies and the mainland of 
North America quickly adopted it. By I-jS.") it was grown by the 
Indians as far north as Montreal, Canada. 

Although the muskmelon is grown in evciy State, most of the 
commercial pi-oduction is concentrated in a few sections of southern 
California, Arizona, Colorado, Texas, Michigan, and Indiana and in 
the tri-State area of Maryland, Delaware, and New Jersey. 

There is a largo number of varieties of niuskmelons under cultiva- 
tion in the United States. Many of them elo^ly resemble one 
another, and improved foims ore gradually replacing the older vari- 
eties. Afuskmelon ^orictlea may be arbitrarily divided into two 
classes— (1) shipping or conmierciul melons and (2) local-market and 
homo-garden melons. Most shippmg xaiieties produce compara- 
tively small fi'uits witli a tough niid and tiiui flesh and are a<lapted 
for shipping in standardized packages to distant markets. Local- 
market melons generally ha^e softer flesh and are often la^e. 

The name "cantaloup” is quite generally used in the United States 
to designate t lie small, oval, netted shippmg type of muskmelon 
Much confusion o\er the term has icsulted fnun the fact that in 
Europe it is applied to a different typo of melon, a long-keeping sort 
with a hard, ridged or warty rind, practically unknown to American 
growers {14) The American usage is now so w ell established that w e 
must accept the name cantaloup as defined abo^c. Obviously all 
cantaloups are muskmelons, but many vaiieties and types of musk- 
melons are not cantaloups by this definition The kinds that he 
outside the definition are the winter types, as Persian, Casaba, and 
Honey Dew, the Honey Ball, and the large, rilibeil sorts like Bender 
and Alonlreal. 


VyRlETyL iMPROVnyiE’NT \M) Bkeedixc 

The number of yarieties of muskmelon that hay'c been and are 
being grown in this country is so groat that no attempt to review the 
early history and development of all of them can bo made here 
Only the leading present varieties and a few' of their supposed jiro- 
genitors con be discussed^ together with a brief reference to certain 
kinds that w'cre formerly important. 

Prior to 18.50 most of the few varieties of muskmelon then grown 
in tliis country w ere introduced from Euiope. Efforts were begun 
prior to that time to improve the crop from the standpoint of adapt- 
ability, particularly to the northern part of the country. Increased 
earliness and productivity were of special interest, since most of the 
imported y'aneties then available were apparently from warmer 
re^ons or for greenliouse culture. Nutmeg and Pineapple appear to 
have been varieties similar to our present cantaloims, and apparently 
the famous Netted Gem — later called Rooky Ford — was derived 
from the latter. Pineapple was described by Burr (1865) os roundish 
to oval, without ribs or with ribs faint, size small, skin olive green 
with abundant net markii^. Nutmeg was described os slightly 
larger, ribbed, and otherwise similar. Both were old well-known 
European types. Most sorts described at that time were large, 
hoavuy ribbwi, and netted. Numerous melons of the winter Casaba 
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or Persian t3rpe were described, but there is no indication that they 
were important. Most of the supposed American varieties mentioned 
by Vilmorin in 1856 were indicated as being related to the “American” 
variety Pineapple. _ 

One of the earliest instances of muskmelon improvement in this 
country was the orimnation of the Christiana melon. It was devel- 
oped about 1835 by Josiah Lovett, of Beverly, hlass., and is supposed 
to have been a cross of the variety Green hlalta and an unnamed 
earlj' sort. Despite poor qualitv, it was popular because of its 
earliness and was commonly listeil for over 75 years. 

About 1875 keen interest in muskmelon improvement was shown 
by both seedsmen and powers for the market, but the latter were 
perhaps the more active m actual selection and hybridization. Little 
artificial pollination appears to have been done^ but natiu-al crossing 
in mixed planting furnished these growers with an abundance of 
material for selection. 

About 25 rather distinct varieties besides the winter melons are of 
commercial importance or considerable home-garden interest and are 
listed by the leading seedsmen of this country at present. About a 
third of these are over 50 years old and only a half dozen ore less than 
26 ^ears old. This 8u^vi^*al indicates that the old “practical breeders” 
achieved results not easy to surpass and that the introducers brought 
in varieties well adapted to cultural conditions and consumer tastes. 
In 1901 there were anout 25 or 30 fairly distinct and important sorts 
commonly listed^ and about half of these are still current. 

The old Surprise, of unknown origin, was introduced in 1876 and is 
supposedly the parent of Bender Surprise, a large, prominently 
ribbed sort that is an important home and market melon of the 
Northern States today. 

The Netted Gem, apparently a form of the very old Pmeapple, 
was first listed by W. Atlee Burpee & Co. m 1881. Its notably suc- 
cessful adaptation to shipping and market needs stimulated a great 
deal of interest in obtaining: different and still better varieties of the 
same general type. Vaneties of tliis type, with different flesh colors, 
slightly different sizes and shapes, and adaptability to different regions, 
soon were developed in the commercial muskmelon areas. 

In 1886, Acme or Baltimore was introduced by J. Bolgiano, of 
Baltimore, and Emerald Gem, by W. Atlee Bupee & Co Anne 
Arundel, introduced by Griffith & Turner, of Baltimore, in 1894, was 
beheved to have been selected from Acme. About 1905 another 
selection, apparently from the Acme-Anne Anmdel line of develop- 
ment, was mtroduced under the name of Sweet Air by George Tait 
4 ^ns, of N orf oik, Va . This same variety liad been sold in Maryland 
as Knight for some years. The two names are known to be synony- 
mous and the variety is still widely grown in the Chesapeake Bay 
section. 

In 1897 the Netted Gem was renamed Rockv Ford to advertise its 
merits as grown and shipped by a group in the Rocky Ford, Colo., 
dktrict, \raereupon it became more jpopidar than ever. When it 
proved to be adapted to the Imperial VaUey, that desert area having 
been placed under irrigation a few years later, a truly phenomenal de- 
velopment of the cantaloup industry began. Several years later, green- 
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fleshed selections wtli snbnon-tinted cavity were made from Netted 
Gem or Rocky Ford nnd appeared as Salmon Tint and Pollock 10-25; 
and deeply salmon or orango-fleshed selections appeared as Perfecto 
(1919) nnd Superfecto (D. V. Burrell & Co., 1926). These improved 
varieties of the Netted Gem type are nioie nearly spherical, more 
heavily netted, and thicker fleshed than thejmrent variety, and tlie 
present vogue is for solid salmon-colored flesh. They also differ 
somewhat in adaptation to climate, culture, nnd handnng methods. 

Ilale Best, introduced in 1924 by I. D. Hale, became the leatling 
commercial or sliipping variety. It was dm eloped by selection from 
a mixed stock obtained from a Japanese gardener in the Imperial 
Valley. The \ines are medium in size; fruits small, usually weighing 
2 or 3 pounds each, oval to round, slightly ribbed, w'ell covered with 
dense heavy netting; flesh thick, firm-textured, solid salmon in color, 
llalo Beat is the earliest of the high-quahtv shipping melons. The 
variety w as quite x enable when introduceil, nut improx ed forms have 
been and are being developed. Hale Best No. 36 and Hale Best 
N 0 . 1 12 are popidn r strains at present. Since the v anety is susceptible 
to mildew, it is certain to bo lusplaced, at least in the Imperial Valley, 
by the new mildew -resistant vaneties. 

Hale Best is similar to Perfecto but is usually a few days earlier. 
The fruit is ^mexx hat laiger and the flesh possibly firmer, and it tends 
to hold up in shipment longer than Perfecto. Superfecto and JVr- 
feoted Perfecto (Garwood & Woodside, 1925) are improved strams 
of Perfecto. 

It is rather sinking to note how the old Acme type and its elongate, 
green-fleshed descendants ^ve tended to dominate the field m the 
Middle Atlantic States while the Netted Gem and its nearly round, 
salmon-fleshed derivativos have nioxed West and dominated that 
area from the beginning of the industiy. Two other types or lines 
of development, from Osago, are also of particular interest, since the 
varieties that have resulted rrom them compete moie or less with the 
two types just mentioned. 

The Omge was ormmated by Roland Mornll, an artivo muskmelon 
breeder of Benton Harbor, Mich. It is clauned that it was selected 
from a natural cross of Orange Christiana ami “a small black melon 
obtained from a Swedish gardener on the Osjigo Rixer in Missouri”, 
about 1880. It was introduced by Vaughn’s Seed Store in 1887. 
^nie beliexe that Osago is a selection from Miller C'ream, with which 
it is now synonymous, regardless of its pobsible oi-igin. Miller Cream 
was developed by J. D. Miller, of Rlinii-a, N. Y , from a supposed 
cross of Sills Hybrid and Cosaba. About 1890 one of Morrill’s asso- 
ciates discovert a single plant in a fiehl of Osage that was believed 
to be a cross between Osage and Netted Gem. Selection from this 
plant ultimately produced the variety Hearts of Gold that was intro- 
duced about 1895 or 1900. Morrill is said to have sent seed of cer- 
tain selections from this supposed Osage X Gem cross to Paul Rose 
for trial, and the latter selected and mtroduced the varieties Paul 
Rose (also called Potosky and Osago Gera) about 1898 and Hoodo 
about 1900. Both were very similar to Hearts of Gold. Hoodoo and 
Hearts of Gold now' are considered synonymous. It is further report- 
ed that from Osage Gem D. M. Ferry & Co. selected a strain named 
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Defender, introducing it in 1901, and that Burrell Gem is a stram of 
Defender, mtroduced by the D V Burrell Seed Co m 1904 Burrell 
Gem and Defender are now ^^nonymous In 1907 D M Ferry 
& Co mtroduced Fxtra Early Osage, a distmctly earher variety of 
the Osage type 

Most vaneties that attamed importance and later practically dis- 
appeared are of unknown ongm, although a few are of mterest as 
examples of early purposeful hybridization CosmopoUtan, mtro- 
duced m 1894, was from a cross between Green-fleshi Malta and an 
uimamed netted type Christiana has been mentioned 

The probable mterrelations of some of the important muskmelon 
vaneties are given m figure 2 


Gritn finhed 

Pn«appl. Molto 
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hyire 2 —Probable inlerrclations of Bome important muskmelon vaneties 

Some old \anoties still commonly Usted aie of unknown ongm, but 
the date of mtroduction is known Iheso mclude Banana (1884), 
iexas Cannon Ball (1894), Hackensack (1883), Jenny Lmd (1866), 
Montieol (1884), Tip Top (Lavmgston Seed Co , 1892), Eden Gem 
(1905) 

Among more recent results of mtroduction and breedmg should be 
mentioned Fordhook (Emerald Gem X Jenny Lmd), mtroduced by 
W Atlee Burpee & Co m 1908 Honey Dew (the old French vanety 
White Antibes Wmter) was mtroduced mto the United States about 
1900 It not only became popular, but has also often been used as a 
parent m attempts to mtroduce its particular quahty and fiavor mto 
vaneties of the cantaloup type Honey Ball is an mmertant hybnd 
of Honey Dew and Texas Cmmon Ball developed by W H Parker, a 
Texas grower The ongmal cross was made m 1916 and the vanety 
mtroduced m 1924 by me Robert Nicholson Seed Co , of Dallas, Tex 
Honey Rock is said to have been produced by crossmg Champlam, 
Irondiuoit, and Honey Dew It was mtroduced about 1920 by 
Watt Richardson, of Ohio 

188904°— 37 15 
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The ongms of the Persian and the winter (Honey Dew and Casaba) 
types of melon are unknown They are very old varieties and were 
mtroducod from Europe and Asia 
The Japanese melon is a distmct new variety that has become popu- 
lar m the local markets of California It is worthy of tnal m other 
sections with a long growing season The fruits are fairly large, 
roimd, flattened at the blossom end, the nnd is tender, thin, Wc 
grayish green with dark blotches, sparsely netted, and veiy slightly 
nbbed The flesh is light salmon m color, soft, and juicy 

In the new vanety. Weaver 
Special, the white nnd of the 
Honey Ball is combmed with the 
salmon flesh of the shipping-type 
cantaloup It was selected from 
a cross by J C Fluke, of C H 
Weaver & Co , m the Impenal 
Valley, and mtroduced to the 
trade m 1933 

Brefding for Diseasf 

ReSISTANCI' 

Thirty or moie years ago 
growers noticed differential sus- 
ceptibihty of muskmelon to cer- 
tain diseases Hoodoo was men- 
tioned ns being resistant to bhght 
In 1904 Blinn (/), of the Col- 
orado Agncultural Experiment 
Station, started mass selection m 
the Rocky Ford vanety m efforts 
to obtain strams resistant to rust 
(Macrosponum cucumennum EU 
and Ev ) B^mning in 1006, 
progenies from individual plants 
nnd fruits were studied and sub- 
jected to selection under severe 
rust-mfection conditions Although selections were from open- 
pollinated mdividuals, marked succeos was obtained and strains of hi^ 
commercial value were readily established The andromonoeoious 
habit of the vanetv resulted m less cross polhnation and mixture of 
strains than might be expected to occur m other vaneties and species of 
ourcurbits Blum also selected for supenor shipping and eatmg quahty 
and developed theflrstof thesahnontmtstrainsof theNettedOem type 
In 1925 powdery mildew {Erynphe cichoracearum DC ) suddenly 
speared m destructive form on melons m the Imperial Valley of 
C^forma fWgicides were found to be madequate m controlling the 
trouble, and the crop was seriously injured for the next several seasons 
In searchmg for resistance, melon vaneties and strains from all 
parts of the world were grown by J T Rosa (fig 3), of the Cidifomia 
Agncultural Experiment Station, and I C «I^er, of the Umted 
States Department of Agnculture, in the Impenal Valley m 1926, 
1927, and 1928 (IB) There was no appreciable success until 1928 



Fiffuyi 3— J 1 Roe. (1895 1928) who 
made important ooatnbutione to the breed 
mg of cucurbite particularly muekmelons 
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In that year numerous plants were foimd in several unfixed varieties 
from India that were practically free from mildew tliroughout the sea- 
son, while other plants of the same varieties, and all plants of many 
other varieties, were badly injured. Unfortimately, the fruits of all 
the mildew-free plants were commercially useless because of poor 
shipping and eatmg qualities. Several commercial varieties were 
immediately crossed with the mildew-free plants. Resistance to 
mildew appeared to be inherited as a simple dominant Mcndelian 
character. Back-crossing has considerably hastened the production 
of varieties that combine the resistance of the Indian melons with 



Figure 4. — ComparaUve lest of mildew-resistant and susceptible vaneties of muskmelon 
in the Impenal Valley, Calif : A, Powdery Mildew Resistant Cantaloup No. 45 is 
practically mildew-free; B, llale Best has leaves largely destroyed by the disease. 


the shipping and eating quahties of the American varieties The 
development of resistant strains has now largely solved the mildew 
problem in this area. 

Powdery Mildew Resistant Cantaloup No. 60, distributed for com- 
mercial trial in 1932, was the first fully resistant variety developed. 
The fruits are quite variable in size, shape, and quality. It was pro- 
duced from a cross between the Hale Best variety and one of the resist- 
ant plants in the Indian varieties. Individuals from the Fj, or second 
hybrid generation, were backcrossed to Hale Best, and this was fol- 
lowed by two additional generations of selection. Starting with No. 
50, four more generations of selection finally gave Powdery Mildew 
Resistant Cantaloup No. 45 (fig. 4), grown commercially for the first 
time in 1936. No. 45 is quite uniform in size, shape, and quahty (fig. 
5). It resembles Hale Best, but matures somewhat later. The fleim 
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has even a firmer text re than that of Hale Best This characteristic 
gives promise of making it a sipenor shipping melon m distncts 
adapted to its production 

Powdery mildew resistant strams of Honey Dew and Honey Ball are 
being developed for the Impenal Valley un lor the same project and 



Ftfiin S — Powdwy M Idew Res slant Cantaloup No 45 showing type and 
unifornuty of field mn melons 


by Similar means Powdery Mildew Resistant Honey Dew No 60 has 
m commercial use m this distnct smee 1935 Outside of freedom 
from mildew it has not been quite so satisfactory from a com 
meroial viewpoint as the standard Honey Dew Backcrossing with 
Honey Dew and further selection should correct its objectionable 
characters 
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WATERMELONS 

The watermelon, CitrvUus vulgar%<< Schrad , is supposed to have been 
m cultivation some thousands of years, because it had a name in 
ancient Sansknt It is beheved to bo native to tropical Africa In 
1867, David Livmgstone reported it as growmg profusely in the 
Kalahari Desert after an unusually heavy rainfall Both edible sweet 
and inedible bitter forma were present The natives prized the sweet 
ones highly and made long journeys to obtain them In parts of 
Africa the watermelon is a very important crop, furnishing not only 
food but also dnnk durmg periods of drought In parts of the Umon 
of Soviet Socialist Repubhcs the fruits are important as a staple 
commodity, bemg pickled, used as a source of sirup, and eaten fresh 
In parts of Chma certain firm-fleshed varieties are cut into stnps 
dncsd, and then made mto pickles, sirup, preserves, or glacfi sweets 
The commercial jiroduc tion and shipping of watermelons to distant 
markets, to be used fresh, is much more extensive in the Umted States 
than anywhere else in the world Although the crop is grown for 
home use and local markets m nearly eiery State, its culture for 
shipping IS confined to the Southern States and to C^forma 

In this discussion the word type ’ is occasionally used m refemng 
to groups of vanoties of watermelons It is adimttcd that the term 
IS loosely used, for there is no single basis for classifying Amencan 
watermelon varieties that is generally accepted as being adequate 
They might bo classified according to general features of shape and 
color, but that would bear no relation to use or to other qualities A 
claseifiration according to use, whether for home and local use or for 
shipping, would denote something concenung eating quality and nnd 
characteis, sine e the favonte vaneUts of any crop lor homo and loc al 
use aie those that aie highest in eating quality but are often too 

E erisliable for long-distance shipment Within these two large c lasses, 
owovci, would be found nearly the whole range of colors and shapes 
Any attempt to identify a few distmct types, all of which possess 
numerous qualities in common, presents perplexing diffic ulties Tlio 
piobleni is to establish a basis of classific ation in which the individual 
typos are neither too exclusive nor too inclusive to be of prac tic al value 
Variftal Improvem»nt 

A hundred years ago varieties of watermelon were ill-defined and 
seedsmen’s listings usually referred to types rather than to vanoties in 
the modern sense With the exception of Bradford, which is still 
Usted by a few dealers, no variety mentioned previous to 1850 is 
hsted today, but a few were still common m the early 1900's Among 
these were Black Spamsh, imported from Portugal m 1827, Carohna, 
known in 1826, Impenal, Mountain Sprout, Seminole, and Mountam 
Sweet, introduced by southern growers around 1840 to 1850, or before 
Bradford, Clarendon, Odell, Ravenscroft, and Souter all originated m 
South Carolina sometime pnor to 1850 
Although the leadmg sluppmg vaneties of today are comparatively 
recent developments, uiree home and local-market melons still hsted 
by dealers are 60 to 75 years old Peerless or Ice Cieam was mtro- 
duced m 1860, Phinney Early in 1870, and Georgia Rattlesnake about 
1870 by M W Johnson, of Atlanta, Ga 
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As m many oiher vegetable crops, the period from 1880 to 1900 

by growers ^^la^e^proportion of the vaneti^ listed at oresent were 
mtroduced durmg that tune, and many of them are unsurpassed by 
later developments except m can 3 mig better quality and disease 
resistance The ongmators or mtroducers of only a few are now 
known, and the parentage of even fewer 

W Atlee Burpee & Co mtroduced Cuban Queen in 1881 Round 
Light Icmg appeared m 1885 Kolb Gem, ongmated by Reuben F 
Kolb, of iJabama, was mtroduced m 1886 by D M Ferry & Co 
Hunganan Honey apparently was mtroduced from Hungary about 
1885 by arsons now unknown Flonda Favonte, said to be a cross 
between i^erson and Georgia Rattlesnake, was introduced by Girar< 
deau, of Monticello, Fla , m 1887 Dark Icmg was brought out by 
D M Ferry A Co m 1888 Gray Monarch or Long Light Icmg 
apmai^d m 1889 

Dine was produced by George Collins, a North Carolma grower, 
and mtroduced ^ Johnson & Stokes m 1890 Stones differ as to 
whether Cuban Queen or the old Mountam Sweet was one of the 
parents, bu^ they agree that Kolb Gem was the other Cole Early was 
introduced by Cole s Seed Store Pella Iowa, m 1892 Sweetheart was 
developed by a Mr Wittenmoyer of southern Indiana about 1890 and 
introduced by D M Ferry & Co m 1894 One of the supenor vane- 
ties, in eating quality, is Kleckley Sweet, developed by W A Kleokley, 
an Alabama watermelon grower Its populanty and quahty en 
couraged renaming, and Monte Cnsto is one synonym that has 
persisted It is said to be from a cross of Boss and Arkansas Traveler 
(mtroduced 1892) W Atlee Burpee & Co mtroduced the vanety 
m 1897 

The Chilean, a vanety, or perhaps more accurately a type, intro- 
duced from the west coast of South Amenca, was first grown m Cah- 
forma about 1900 Both white seeded and black seeded strains of this 
vanety are now available and are extensively grown m the West 
Angeleno was mtroduced to the trade by Joh^n & Musser, of Lm 
Angelesj in 1908, although it had been grown locally for some time 
Its ongm IB obscure, but it is believed to have been selected from a 
South Amencan stock related to Chilean White seeded and black- 
seeded strains are available, and they possess unusually dark red m- 
tenor color and high quahty Another vanety that gamed prommence 
m the West is Klondike Its ongm is unknown, but it appeared about 
1900 Sohd-green and stnped strains are^wn These three vaneties 
are donimant m Cahforma at present and^are hardly known elsewhere 
Conversely, the important vaneties elsewhere are largely unknown m 
the Pacific coast and southwest areas 

D H Gilbert, of Monticello, Fla , mtroduced Excel m 1906 The 
ongm of Excel is not clear, but it was evidently a pooriy fixed mter- 
vanetal hybnd The mtroducer has stated that the ongmal stock 
persisted m showing off-shape melons and variations m seed color A 
white-seeded stram, mtroduced m 1926 was said to be free from these 
obiMtions 

Tom Watson, the dominant shipping melon for the last 20 years or 
more, ongmat^ in Georgia and was mtroduced m 1906 by the 
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Alexander Seed Co , Augusta, Ga It is a large, long, dark green melon, 
with a thick, tough rmd, that ships well Unfortunately, however, 
the quahty is only medium 

The ongmal Irish Gray is reported to have been a volunteer plant 
found growmg in an unoccupied stock-feeding pen by Charles Renew, 
of Rebecca, Ga , m 1913 Some beheve the chance seed from which the 
vanety was mcrcased was brought m with feed imported from South 
Amenca, but there is no proof of such an ongin In 1917 it was bemg 
shipped m carload lots, and it was doubtless second m importance m 
the early 1920’s It has yielded place, however, to Thurmond Gray, 
a vanety ongmated and mtroduced by a Mi Thurmond, a water- 
melon grower of Perry, Ga Thuimond Gray hrst become promment 
m 1923 

Stone Mountain ongmated m Georgia, near Stone Mountain, and 
was mtroduced in 1924 by the H G Hastmgs Co , of Atlanta This 
melon is round or nearly so, green, of good qualitv, and a fair shipper 
The vmes are said to be prolific and resistant to fohage diseases 
The Cahfomia Agncultural Experiment Station has effected some 
substantial improvements in uniformity, flesh color, eating quality, 
and shape of several varieties through the careful selection of hnos 
inbred for sevoial generations California Klondike ffrom Klondike) 
was introduced in 1933, striped Klondike (from stock of the same name) 
m 1936, and Long Mountain (from Stone Mountain) m 1936 
In 1932 the Minnesota station introduced an unusually early vanety. 
Northern Sweet, that extended the culture of the watermelon farther 
north It was developed by mbreeding and selection from a stock 
mtroduced from the Union of Soviet Socialist R^ublics 

The Ohcar H Will Seed Co , of Bismarck, N Dak , has mtroduced 
two vaneties designed for growmg m the noithem Great Plams — 
Will Sugar m 1889 and Golden Anmversary in 1934 The latter 
is from a cross of Wikara X Klockley Sweet, and the other from 
on unrecorded cross 

Brci'DINg lOR Wilt Resistance 

Until comparatively recently watermelons have been given very 
little attention by scientihc workers The work of Orton (/7) is of 
more than ordma^ histoncal mterest, since it is one of the first re- 
corded attempts of a plant breeder to synthesize a commercial vanety 
resistant to a particular disease Orton crossed the nonedible wilt-resist- 
ant citron melon with the edible wilt-susceptible watermelon vanety 
Eden From a laige second-generation hybnd population, selections 
were made of plants with potentially desirable characters By 
further selection a wdt-resistant edible vanety. Conqueror, was 
produced in 1911 This vanety never became a popular commercial 
type on account of unsatisfactoiy market and eatmg quahties 
Fusanum wilt is perhaps the most senous watermelon disease today, 
preventing profitable culture of susceptible vaneties in many locahties 
Wilt-resistant strams of commercial inmortance have been de- 
veloped by Porter and Melhus (19) at the Iowa station, by selection 
from crosses of Orton’s wilt-resistant vanety Conqueror and certam 
commercial vaneties The two vaneties developed by crossing (Iowa 
Belle and Iowa King) were about 65 percent resistant compared to the 
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1-percent-resiatant commercial Taneties The ex;act on^ of these 
two vanetiea is rather uncertfun, but they were selected from appar- 
ently chance hybnds between Conqueror and one of the commercial 
varieties Porter and Melhus also developed Pnde of Muscatine, 
about 60 percent resistant, bv selection of an mbred Imo of Kleckley 
Sweet These three vanetiea were mtroduced m 1930 
The Flonda station released a new wilt-resistant watermelon m 
1936, the Leesburg, developed by M N Walker by pure-line selection 
in Kleckley Sweet grown on heavily mfested soil 
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Figure 6 — Fruit ihapes of vanetiea and stem cbaractera of Cucarhua speciea 

The Cahforma station m 1936 mtroduced Resistant Klondike 
No 7, a wilt-resistant sort selected from a cross of Iowa Belle X 
Klondike PUMPKINS AND SQUASHES 

Pumpkins and squashes {Oucwbita pepo L , C moeehata Duchesne, 
and 0 nuunma IXichesne) are undoubtedly of Amencan ongm 
Erwin (6) states that he has been able to identify fragments of stem^ 
seeds, and fruits of C pew and C moschata recovers from the dm 
dweller rums of the southwestern Umted States With the hdp of 
archeologists, Erwm has detenmned tiiat some of the matemu is 
from the basket makers, whose civilization antedates that of the 
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cliff dwellers; indeed, they were probably the oldest agricidtural 
people of whom we have any record on the North American continent. 
Vavilov (30) believes that C. mosehata originated in the Mexican- 
Central American r^on and that C. maxima originated in ^o 
Peruvian-Colombian-Ecuadorean area. 

Pumpkin and squash varieties are numerous, but many are of local 
importance only. The fruits of the summer squash are used in an 
immature stage, while the rind is still tender. There are tlireo im- 
portant types — scallop, crookneck, and marrow or Italian. Each is 
represented by a number of varieties. Winter squashes and piimi>kins 
are used when fully mature, after the rind has hardened. Hubbard 
13 the loading typo of wmter squash, and Connecticut Field and 
Small Sugar are the leading pumpkins 

As has peen previously stated, the differentiation of ]uinipkins from 
squashes is very uncertain, because as popularly classified there uro 
both pumpkins and squashes in all three cultivated species of Cumr- 
biia Costotter and Erwin (£) have proposed that all varieties 
belonging to O pepo and O mowkata bo classified ns pumpkins ami 
the varieties of C maxima as squa.sh Adoption of this classifii-ation 
would mean including the summer squash with the pumpkins, and 
various other changes in present popular usage. To seed growers and 
jdunt breeders the species are important, since varieties of the same 
species cross very readily, while tliose belonging to different species 
practically never cross in nature, contrary to popular belief Figure 
f) illustrates some of the jirincipal differences among these thr 
of Chicurbita, and figure 7 illustrates stei 



1 ifftre 7. — Slem rharaclers typical of tho three apcfnes of pumpkin diid flqudsli 
i, Ciuurbxta pepo; note five-aiigled stem not expanded next to fhiit. B, CtuurbUa 
mowhatai atem neither angled nor fleshy but much expanded at attachment to fruit. 
C, CuajuhUa maxima; stem neither angled nor expanded but fleahy and enlarged, 
becoming rather Himngy when mature 

Varietal Improvement 

A study of the origin of our present varieties of pumpkin and squash 
would require delving into colonial history, and m a number of cases 
the trail of a variety appears to lead into the history of Indian tribes, 
where it can no longer be followed. 

Large Cheese and Connecticut Field pumpkins were common under 
those names before the Revolutionary War. Small Sugar is doubtless 
a hundred years old. The Cushaw has been listed m catalogs for 
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nearly a hundred years and represents a distmct form, perhaps a 
variety, that was bemg grown by the Indians m 1586 
Of the wmtor squares, Acorn, a Turban form, was listed over a 
hundred years ago Boston Marrow was doscnb^ by Burr m 1866 
as synonymous with Autumnd Marrow This variety has been 
widwy grown under one of these names m the Umted States and 
Europe for a hundred years ^ohn M Ives, of Salem, Mass , dis- 
covei^ its merits in 1831 and popularized it He obtained the seed 
from a fnend m Buffalo, N Y , who m turn is said to have obtamed 
it from a tnbe of Indians (unnamed) that visited Buffalp penodically 
The Hubbard was mtroduced to the trade by J J H Gregory, a 
seedsman of Marblehead, Mass , about 1855 He stated that it had 
been mtroduced m the vicinity of Marblehead some 60 years before 
The variety is thus conservatively loO years old and probably older 
Marblehead, also mtroduced by Gregory, is thought to have been 
imported direct from the West Indies about 1865 Winter Crook- 
neck nos described accurately, though not under that name, m 1686 
and has been listed m seed catalogs mr about a century 
The summer squash varieties are also \ ery old Both White Bush 
Scallop and Yellow Bush Scallop were common m 1865, and Burr 
says the yellow vanety had been common ioi over a hundreil 
years at that time They were being shipped from the South to 
northern markets before the Civil War Yellow Summer Crookneck 
and various forms of Vegetable Marrow^ like some grown today 
have been listed in catalogs foi ovei a century and are believed to 
have been in common use much longer than that Three additional 
varieties — Italian V^e table Marrow (before 1850), Cocozelle (Vd 
morm, 1856), and Mammoth (1826)— were listed by seedsmen and 
desenbed at the dates mdicated, but some or all of them are cer- 
tainly older, if we may judge by their importance and widespread 
distnbution as stated or implied in the early references A few van 
ety names of 75 to 100 years ago ha\e almost entirely disappeared 
from our catalogs and modem literature, but very few, among them 
Sweet Potato, common about 1850, Valparaiso (1827), and Yoko- 
hama, mtroduced from Japan about 1850 

Is there anything new m squash or pumpkm’ Few distmct van- 
eties have been mtroduced m the last 60 years that are supenor, or 
even equal, to the impoitant old-timers mentioned Pikes Peak, a 
wmter squash said to have ongmated in Iowa, was mtroduced in 
1888 Fordhook was mtroduced by W Atlee Burpee & Co in 1889 
Des Momes or Table Queen is said to have been mtroduced from his 
native country by a Danish farmer about 1900 It was 15 to 20 years 
later that it became popular and acquired its present name Dehcious, 
probably a selection from Hubbard, was mtroduced by Gregory m 
1906 Golden Hubbard was mtroduced m 1896 by a Mr Hamson of 
PamesviUe, Ohio It was found as a chance plant m a field of Hubbard 
Because of their adaptabihty to pollmation by insects, pumpkm and 
Muash varieties and stocks are difficult to mamtam free from mixture 
This characteristic also is a prolific source of vanation even withm 


* Vecttabla Mamir dcsIgiMtat A irooj (rffomiiMr rwietlas of <7 p<pa or anminer I 



CUCURBITS 


227 


good stocks In recent years numeious seedsmen have Uikt n gioatei 
care in isolating selections made with specific objects in \ low As a 
result, there are now available many good strains that icpiosent im- 
provements in uniformity, earlmess, quality, and appeal unce ovoitho 
old parent stocks The State experiment stations have pioved the 
value of inbreeding m isolating supeiior, highly umfoim stiains, and 
their work indicates the practicabihty of smecting, from tins g roup 
that has such rich potentialities, strams that will meet nlinost any stt 
of specifications desired 

Iwenty-five years ago Cummings and Stone H), at the Veiniont 
station, initiate their important studies of seleotion m ojien-jiolli 
nated and mbred lines of Hubbard rauash with lofiiinro to yield, 
chemical composition, and quality The Vemiont Hubbaid, an in- 
bred Imo, was introduced in 1914, along with othei slightly diffeient 
strains Some 6 icars later the Vennont workers mtiodmed Jxmg 
Storage Hubbard, an inbred strain selected specifically for supeiioi 
storage quahties >bout 1921 Bushndl and others of the Minnesota 
station introduced Kitchenette, an earher, smaller tvpo of Hubbard 
produced by inbreeding and selection In 1032 Kraut/ and otlicis at 
Mmnesota introduced a veiy laige mbred selection fiom Hubbard 
under the name of New Bngnton 

In 1932 Yeager and Lat/ke (5^), of the North Dakota station, pub- 
lished an account of the development of their new Butten up scpinsh 
This variety is of particular interest because it resulted fiom a bleed- 
ing program desired to develop a highly productive, liigh-ciuahty, 
highly nutritious squuah, adapted to northern Groat Flams conditions, 
as a substitute for the sweotpotato — ^meanmg the real sweotnotato, 
not the Sweet Potato variety of squash Inbred selei turns from a 
chance cross of QuahtyXEssex Ilybnd best met these specifications 
Buttercup is a small (3 to 3h pounds), vellow, neat, Turban-liko 
vanety with flesh of an unusually high soiids content (25 pi rcont and 
higher), contammg about 16 percent of starch, 5 percent of sugar, and 
2 5 to 3 0 percent of protem It came from a wide cioss and has 
been difficult to make uniform 

Other vanetal improvements have been made to meet spoiific mai- 
ket demands In 1936 the Califorma station mtroducod Gray 
Zucchmi, an mbred stram of Zucchim, and the Connei ticut station 
mtroduced Connecticut Straight Neck from a Straight Nock mbred X 
Golden Summer Crookneck 

INHERIT ANCE IN THL CUCURBITS* 
Cttologically this family has proved to be less mtorostirig than the 
vast amount of variation witlun the group would mdicate h urther- 
more, the material does not lend itself easily to cytological investiga- 
tion by the ordmary methods Although a long hst of genera and 
species has been mvestigated, there are no established cases of poly- 
ploidy, fragmentation, or other gross chromosomal phenomena Of 
the cucurbits, cucumbers (jOucurnta sativus) have 7 pairs of chromo- 
somes, muskmelons (C mdo) have 12 pairs, watermelons {CtirvUm 
wlgans) have 11 pairs, and the pumpkms and squashes (Cucurbita 
pepo, C moschata, and C maxima) have 20 pairs (SI) 

• lliii McUon la wnttan primarily lor btudents or otbtn profe a al onall y Intarestcd in braeding or ganetlci 
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Inheritance in Cucumber 

Information regardmg the hereditaiy behavior of specific characters 
m the cucumber is veiy meager It has been shovra that (1) spinmess 
18 dominant over spmelessnoas (2) black spmea are dommant over 
white ones, and (3) the tendency toward the production of fruit 
lackmg viable seeds (parthenocarpic fruit) is apparently associated 
with mack spines, suggesting that these factors are Imked. 

Some recent work by Hutcluns (10) has uncovered an mteresting 
green flowered vanation This vanant is female sterile As a result 
the charactenstio can bo earned along only in the heterozygous condi- 
tion Tests with the normal yellow-flowered form mdicate that this 
green-flowered character is dependent on a smgle gene recessive to 
normal yellow, the second generation hybnd population si^regating 
mto 3 normal yellow plants to 1 green-flowered plant 

Inheritance in Muskmelon 

Smee very early tunes melons have attracted both the professional 
and the amateur plant breeder Sagaret (^2) m 1824, some 40 years 
before the tune of Mendel, made a senes oi interesting genetic studies 
with melons He was undoubtedly one of the earliest forerunners of 
modem geneticists His work very definitely shows that he had the 
idea of contrasting unit characters m his crosses However, he failed 
to follow his results mto the Fj generation or to analyze them mathe- 
matically From a cross of two distmctive vancties, Sagaret found 
that m the Fi yellow skm was dommant over white skin, netted 
epidermis over smootli epidermis, pronounced nbbmg over smooth 
nbbmg, and acid flavor over sweet flavor 

Lui^en (16) attempted to determme the mbentance of the 
followmg contrastmg fruit characters Yellow versus green skm color, 
round versus obtus^elhptical shape, large versus small seeds, ribbed 
versus nonnbbed, netted versus smoom surface, and large versus 
small fruit size He worked with commercial stocks of unknown 
punty, but they were apparently heterozygous for the characters 
studied, for he reported s^^tion mto numerous gradations 
together with the appearance of both parental types m the Fi No 
definite conclusions can be drawn from his work 1^ own conclusions 
concenung dommance of specific characters are not supported by his 
data With the possible exception of skm color, it would appear 
that all the characters he observed were determmed by multiple 
factors 

Bosa (21) has obtamed ratios mdicatmg monohybnd segregation 
of certam characters, that is, the monoecious condution was domi- 
nant over the andromonoecious condition, the tncarpellate ovary 
was dommant over the five-carpellate ovary In some earher work, 
Rosa (20) had been able to demonstrate that pollen from different 
sources has httle if any immediate effect on the quahtative characters 
of the fruit 

As all varieties of muskmdons are notoriously cross-fertile, most of 
the commercial varieties are hi|^y heterozygous It is possible to 
isolate superior strams by selection and mbreeding These method 
have been adopted to stabilize varieties of commercial importance 
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A carefully ptoed uibreeding program at the California station, 
contmued in a few cases to the seventh generation with Salmon Tmt, 
Hale Best, Honey Dew, Honey Ball, and Casaba vaneties, has clearly 
demonstrated that no deleterious effects result from this amount of 
mbreeding Inheritance in Watermelon 

Recently a comprehensive, systematic breeding program at the 
Cahforma station has produced much mformation that will be of 
value in dealing with problems of watermelon breeding in the future 
Besides developing on effective polhnation teclinique, Porter (IS), 
has studied the biology of fruit settmg m relation to certain environ- 
mental factors and has made observations on the effects of mbreedmg 
With reference to mbreeding, strains i^ere isolated that were 
comparatively homozygous for fniit-shapo factors and for a number 
of fruit charactenstu s — for example, flesh color, texture of flesli, 
solidity of fnut, etc Most \ arieties show no loss of vigor after four 
to five generations of mbreedmg 

In the case of watermelon wilt, the phenomena of resistance and 
susceptibility aie relative The commercial varieties are as a rule 
very nighly susceptible to wilt, the medible varieties (as stock citron), 
on the other hand, are more or less resistant No vanety observeil 
to date seems to be completely immune 
Rosa (SI) found that the majority of watermelon vaneties are 
monoecious and a few varieties are andromonoecious Crosses of 
vaneties loprescntmg these two types mdicated tliat the difference 
was monogenic, the monoecious condition being dominant 
Porter and Poole, at the Cahforma station, have detornuned the 
mode of mhentanco of a number of characters in the watennelon 
All of the charactois mvostigated gave monohybiid latios, and there 
w as no evidom e of linkage among any of them Their experiments 
mdicato that (1) m flesh color, led is donunant over yellow, (2) in 
seed coat color, blu(k is dominant over white and tan, (3) m fnut- 
skin coloi, dark gui n is dominant over striped and white, (4) in nnd, 
toughness is dominant over tenderness, and (5) m fruit shape, short 
IS dommant ov i r long 

Inheritance in Pumpkin and Squash 
The (question of whether pumpkins and squashes will cross has 
always mterested amateur gardeners ( onsiderable confusion has 
arisen from an imperfect understandmg of botamcal relationships 
There is no accepted basis for distmguishing pumpkms from squashes 
Botamcoily they belong to three species of the genus Oucurbiia As 
popularly classified there are both pumpkins and squashes in all three 
species 

Castetter and Erwm (S) and Erwm and Haber (7) have shown that 
varieties belongmg to the same species cross very readily, whde those 
belonging to Afferent species practically never cross in nature How- 
ever, cross-pollmatmg certain vaneties belongmg to Chicurlnta pepo 
with vaneties of C mofchata has produced partially fertde hybnds 
Until recently only stenle hybnds, or complete failure to develop 
fruits, had result^ from cross-pollmatmg vaneties of C maxima wnth 
vaneties of C pepo and C moschaia Van Eseltme, at the New York 
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(State) btatioD, has roroiiLly obtained fertile hybrids of reciprocal 
crosses of G. pfpo and C. moschata and of C maxima and C moschaia. 
Dana, of the linreau of Plant Industry, in working for curly top 
resistance in squash varieties, obtained hybrids of U moschata and 
C maxima tlial were self-fertilo m the Fi but male-sterile in the Fi. 
lie has backcrossed the hybrid to both parents and obtained fertile 
backcross progenies. 

Early attempts at a genetic analysis of this genus have proved to 
be practically worthless^ chiefly because the investigators were using 
heterozygous material in their experiments They underestimated 
the value of cbtablishing pure lines os a primary factor in securing 
reliable results in genetic ox|>eriments 

The first attempt at a careful genetical analysis of Cucurbiia was 
moilo by Suinott and Duiliam (S6) They used several varieties of 
0. pepo. After being inbred for several generations, the original types 
wore evidently homozygous, as evidenced by their behavior At this 
pomt, using the inbred material, an investigation of the inheritance 
of certain characters was initiated From their results the several 
characters studied appear to be inherited, as indicated in table 1 


Tabi » 1 — Inhintamr in summer %mmh fruits, Cmurhila pepo 
(after Suinott andDurlum) 



Siiinott and his cowoikors {X7, 28) have greatly extended this 
analysis, particulariy with regard to the genes governing sizes and 
shapes in fruits. In general, these characters appear to be determined 
bv numerous factors, so their inheritance is complex and not com- 
pletelv clear It has been shown that in the cucurbits inbreeding up 
to at least 7 to 10 generations does not result in a general decline in 
the vigor of tlie plants This behavior is in distinct contrast to that 
of com, onions, etc., whore inbreeding immediately brings about a 
decline in vigor. 

Hutehins (11), at the Miimesota station, has shown in different 
color types of Hubbard squash (Cwwrbiia maxima) that green is 
partially dominant to blue. The Fi was mtermediate in color, and 
the Fa and backcross populations segregated as for a single factor. 
Lotsy (16) showed that in C. maxima exterior fruit-color inheritance 
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is for the most part complex In a cross of Turban (a red strain) X 
Green Hubbard, the Fj segregated mto 3 reddish to 1 green The 
dommance of the red was incomplete In a cross of Turban X Silver 
Gray, a very wide assortment of colors occurred m the Fj Lotsy also 
showed that the Turban character (fig 2 ), caused by incomplete 
enclosure of ovanan tissue by receptacle or torus tissue is due to two 
dominant genes Turban X Green Hubbard gave an J 3 segregation 
of 15 Turban forms to 1 non-Turban form 
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ONION IMPROVEMENT 


H A JONES, Pnncipal Olencultunst, 
Dinsion of Fruit and VF,>etable Crops 
and Diseases, Bureau of Plant Industry 


TiIF onion la used as a food and for seasoning in nearly all roimtiiea, 
and itfa culture no doubt dates back to \erv remote antiquity Ac- 
cording to Sturtevant, as reported by Hednck (5),‘ it is — 

One of the things for which the Israelites longed in the wildcrniss and complained 
about to Moses * ♦ ♦ Onions were prohibited to the Lgyptian priests who 
abstained from most kinds of pulse but they were not excluded from the altars of 
the gods ♦ * * Ihcy were introducecl at pnvatc as well as public festivals 
and brought to the table Ihe onions of Pgvpt were mild and of an excellent 
flavor and were eaten raw as well as cooked by persons of all classes 

ORIGIN, CULTURE. AND USES 
Bailfy (j?) desenbes eight species of onions cultivated m North 
Amenca AMium neopolttanum Cyr and A mob/ L are grown as 
ornamentals GarUc (A sativum L ) is used mainly for seasoning 
The leek (A porrum L ), the Welsh or Japanese onion {A fistuloium 
L ), and the shallot (A a^caUmicum L ) are all used in the green 
condition The tops of chives {A seftoenoprasum L ) are used for 
seasomng A cepa L is the species cultivated most extensively 
Bail^ divides this species into several botanical vaneties as follows 
(1) The extensively cultivated bulbing type of omon propagated by 
seed , (2) the potato or multipUer omon, which propagates by^ branch- 
ing at the base, and (3) the top omon, which forms bulbils in the 
mflorescence, wkch arc often used for propagation 

Vavilov {SI) names the middle- Asiatic center, compnsmg north- 
western India, all of Afghanistan, the Soviet Repubhes of Tajik and 
Uzbek, and western Tien Shan, as the primary place of ongin of the 
commonly cultivated omon, AUium cepa As secondary centers of 
or^jm of this species he hsts (1) the Near East, which includes mner 
Asia Mmor, the whole of Transcaucasia, Feisia (Iran), and the alpme 
Turkmen Republic, and (2) the Mediterranean region For the Jap- 
anese omon, A fistulosum, which is cultivated extensively m the 
Onent, Vavilov gives the primary place of ongm as the Chinese center, 
which comprises alpme central and western Chma and the adjacent 
lowlands 

From these centers of ongm the omon has spread to all countnes 
where the crop can be grown at some season of the year Just when 
the cultivatecT omon was first mtroduced into North Amenca is not 
known, but at present it is cultivated everywhere m this country as a 
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home-garden and market-garden crop Extensive commercial pro- 
duction, however, is confin^ to sx>ecial regions 

The early crop for shipment is grown chiefly in Texas, Califomia^ 
and Louisiana from transplanted plants set in the field m late fall and 
early winter and harvests the followup April, May, and early June 
The predommant variety is Yellow Bermuda, but Crystal White 
Wax and Creole are also CTOwn to a considerable extent These 
varieties are used for the early crop because they produce bulbs during 
the time of the year when the days are short The Bermuda type 
cannot be stored successfully for more than a few weeks, but Creole 
is a good storage omon 

The intermediate crop is m-own primarily m Texas New Jersey, 
California, Oklahoma, Washington and Iowa from transplanted 
seedlings and from d^ sets, the oiop bemg hai vested chiefly durmg 
June and July In Texas the principal mtemiediate variety is the 
Yellow Bermuda in California, the Stockton Yellow Globe and 
California Early Red in Iowa, the Yellow Bottleneck in the East 
the Ebonezer Yellow Strasburg, and otheis of the same typo In 
Texas and California the mtermediato crop is grown fiom transplants 
in other districts dry sets are used 

The late or mam crop which is produced chiefly m Miclugan 
Now York, Indiana, C abfomia, Ohio, Massachusetts Colorado, 
Minnesota Idaho, Oregon, Washington, Wisconsm, and Utah, is 
usually seeded dircctlv in the field and hai vested m August and 
September This crop most of which is stored, supphes the demand 
from ^ptembir until late March or Apnl Storage vanetics are not 


OFTEN an onion crop that migAt have been a proJitcMe one brings 
the grower a hss because of unfavorable weather conduions and the 
occurrence of certain insect, pests and diseases that take their toll in 
b<ah fidd and storage Smut occurs in practically aU of the main 
onion-growing States of the North, while pink root is present in 
most of die onion districts of die South and West Onion thnps 
are always present on both the bulb and seed crop Smudge, neck 
rot, and other diseases take an additional share of the crop after 
harvest Other losses occur beccuise of premature seeding in the 
field and sprouting in storage Untd very recendy, little has been 
done to alleviate these difficulties by scientific breeding methods 
Present researdies and experiments, however, make the possibility 
of preventing many sudi losses by developing superior varieties of 
onions more and more promising. In most cases resistant varieties 
and strains have been found, and m some cases promising hybrids 
have been produced and are under test. 
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the same for all sections In California Australian Brown is used, 
in Oregon, the Oregon Danvers m the Rocky Mountain States, 
Sweet Spanish and Mountain Danvers and in the Northern States 
from Minnesota to Massachusetts, the yellow globe type such as 
Yellow Globe Danvers, Southport Yellow Globe, and Oluo Yellow 
Globe Other varieties stored to some extent are Southport Red 
Globe, Southport White Globe, Red Wethersfield, White Portugal, 
Ebenezer, and Yellow Strasburg With the exception of Sweet 
Spanish, these storage varieties are rather pungent 

During seasons of low production imports nave been chiefly from 
Spain, Egjrpt, Chile, Italy, and Canada 

The quantity of omons consumed per capita m the Umted States is 
fairly constant regardless of price Durmg years of overproduction 
a portion of the crop is usually plowed under, and dunng years of 
underproduction imports are increased The omon market is not very 
elastic, oversupphes are not readdy absorbed, and consequently i. 
rxther easv to have overproduction As a rule omons are used by 
most families in comparatively small quantities but fairly constantly 
throughout the year for seasonmg, m salads, and as a mam dish cooked 
m a vanety of ways Onion sdt is also bemg manufactured m con- 
siderable quantities for use m catsup, rhih sauce, soups, and sausage 
But while the quantity of omons consumed per capita is not large, 
the total amount used gives this crop a commercially important place 
among the vegetables The average omon acreage for the Umted 
States dunng the 6-year penod 1928-32 was 84 430 acres, with a 
production of 13 247 000 100 pound sacks, givmg a yearly return to 
the producers of approximately $17 353 000 

VARIETAL ADAPTATION 

Among the omon vaneties grown m the Umted States there are many 
types differing m sire, shape, and color of bulbs, pungency, keeping 
quahty, tune of matunty, and tolerance to diseases, insects, simscald, 
and high and low temperature It has been necessary to mamtam 
a considerable number of vaneties, partly because of consumer 
demands relating to season and use, but chiefly because of the different 
environmental conditions under which the crop is grown The storage 
omons of the North, for example, do poorly in the South, and the 
extra early vaneties commonly grown m the South are ill-suited for 
production m the North 

The adaptabihty of vaneties to certam regions, accoidmg to 
Magruder and Allard { 14 ), is often determmed by length of daylight, 
called the photopenod The time when bulbing is mitiated is deter- 
inmed by the length of the photopenod and not by the age of the plant 
and the Tninimnm photopenod necessary to imtiate oulbing vanes 
with different vaneties The investigators named above were able 
to group the vaneties mto classes according to the nimimum photo- 
penod required to produce 100 percent normal bulbs as follows 
12 hours. Yellow Bermuda, White Creole, and Elarly Grano, 13 hours, 
Cahforma Early Red, Yellow Strasbuig, Ebenezer, and Yellow Dan- 
vers Flat, 13 6 hours. Early Yellow Globe, Mountain Danvers, Ohio 
Yellow Globe, Austrahan Brown, White Portugal, Sout^ort Yellow 
Globe, and Sweet Spanish stram no 1, 14 hours. Red Wethersfield, 
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Southport Red Globe, and Italian Red, 14 26 hours. Yellow Globe 
Danvers, normal day (maxmium of 14 9 hours). Sweet Spanish strain 
no 2 Most commercial varieties are not homozyMus or pure for 
the genes that determme the nunimum photopenod for bulbing, so 
there may be some plants that bulb at a shorter photopenod than is 
characteristic for the variety 

Early matunty, acoordmg to Magiuder and Allard, seems to depend 
on the ability of the plant to start bulb formation at short photo- 
penods and to proceed very rapidly with the process after the minimum 
penod for bulbmg is reached In the North it is almost impossible to 
secure good yields of the extra early vaneties like the Bermudas, 
Early Grano, and Creole by sowmg seed directly in the field, because 
seeding is usually done at a date when the length of day has already 
passed the minimum foi bulbmg Consequently the plant develops 
only a few loaves and a small bulb To secure largo bulbs of the extra 
early vaneties m the North it is necessary to sow seed early m a 
greenhouse or m a hotbed in order to have large plants before the 
mmimal photopenod for bulbing o( curs 

The late maturmg vaneties ofomont. usually do poorly m the South 
chiefly bo( ause the photopenod required for bulbmg comes dunng hot 
weather, when sunscald, thnps, and pink root conibme to retard the 
growth of the plant Lateness of matunty, accoi ding to Madder and 
Allard, may be due to a long photopenod requirement, to a slow rate of 
bulb devt lopment after the minimum occuis or to a combmation of the 
two Sweet Spanish, a late vaiiety, is able to produce fair crops m the 
South bee ause it issomew hat resistant to sunsc aid , thnps and pink root 

In central Califorma there is a considerable acreage of the scHialled 
mtoi mediate c rop of onions The seed is usually sown in field beds in 
late August and the seodlmgs are transplanted m late November and 
Decembti Dunng the winter and early spnng the plants usually 
make a large vegetative development Bulbmg does not begin in 
the spnng until the hours of dayhght reach the minimum for the 
vaneties in (luestion For this crop, vaneties such as Stockton 
Yellow Globe, Califorma Early Red, and Italian Rod are used If 
the late vaneties of the North or the early vaneties of the South are 
used they make a good vegetative groi^h, but m the spring the 
plants fonn seed stems instead of bulbs 

These few points regardmg adaptation are brought out to show why 
a vanety may do well m one distnct and be worthless m another 
Sweet Spamsh is much more widely adapted than many vaneties 
because of its resistance to high temperature conditions and to oertam 
insects and diseases Other varieties will be more widely adapted 
when plant breeders incorporate m them genes for resistance to 
diseases and msects and others that permit them to grow under a wider 
range of climatic conditions 

INTRODUCTION OF PRESENT COMMERCIAL VARIETIES 
It IB difficult to obtam authontative mformation on the method and 
time of mtroduction of the older important commercial vaneties 
the first mention m seed catalogs of certam important vaneties is as 
follows Silverskm (White Portugal), 1810, Crystal Wax, 1901, 
Red Wethersfield, 1849, Ohio Yeltow Globe, 1901, Southport Red 
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S^thport mite Globe, 1889, Southport YeUow Globe, 
1888, YeUow Danvers (Flat), 1866, and YeUow Strasburg, 1844 
According to Morse (17), the variety Austialian Brown was intro- 
duced into North Araenca from Austialia m 1894, under the name of 
Brown Spanish, but later was renamed by W Atlee Burpee An 
improved stram, Austrahan Brown U C No 1, was introduced by 
the Califorma Agncultural Experiment Station in 1935 Sweet 
Spanish seed was secured by the Umted States Department of A^- 
culture from Luis Tono, American consul m Spam, in Dec ember 1908, 
under the name of Dcma, and was distnbutcd to seedsmen and 
several agncultural experiment stations An miproved strain. Sweet 
Spanish Colorado State No 6, was introduced by the Colorado 
Agncultural Experiment Station in 1936 Accoiding to Morse (17) 
Pnzetaker was first offered to the trade m Amenca by William Heniy 
Maule m 1888, from seed grown by C C Morse the preceding year at 
Santa Clara, Calif In Europe this vancty was known as Spanish 
Kmg The Early Grano omon, named and introduced by the New 
Mexico Agncultural Expenment Station (8), was sec uied from Spam 
m 1925 imder the name of Valencia Grano by the Barteldes Seed Co , 
of Lawrence, Kans 

Morse (17) states that the Cahforma Early Red has been developed 
from the Red Itahan Tiipoli The latter was probably brought to 
California by the earlv Itahan emi^ants before 1900 An improved 
stiam, Cahforma Early Red, U C No 1, was introduced by the 
Cahforma Amculturaf Expenment Station in 1935 The vanety 
Stockton Yellow Globe was ongmated by a number of Amencan and 
Japanese growers m Cahforma m response to a demand for a non- 
boltmg yellow globe omon , conseciuently there are a number of strams 
of this variety, the type of wlucn has not as yet become defimtely 
established According to Erwin and Harter (6\ the parent stock of 
Yellow Bottleneck was” Bim Zwiebel” and was secured from Germany 
m the late sixties by a Mr Lafrenz, of Davenport, Iowa The Creole 
vanety was probably brought to Louisiana by the early French 
settlers Yellow Bermuda formerly called White Bermuda) was 
probably introduced from the Canary Islands some time pnor to 1901 

VARIETAL IMPROVEMENT 


Often an omon crop that might have been a profitable one bnngs the 
grower a loss because of unfavorable weather conditions and the 
occurrence of certam insect pests and diseases that take their toll m 
both field and storage Smut occurs m practically all of the mam 
omon-growmg States of the North, while pmk root is present in most 
of the omon distncts of the South and West Omon thnps are always 
present on both the bulb and seed crop Smudge, neck rot, and other 
diseases take an ^ditional share of the crop after harvest Besides 
these, other losses occur because of premature seeding in the field and 
sprouting m storage Little has been done until very recently to 
alleviato these troubles by scientific breeding methods Hope of 
preventing many losses m the future by developing va^eties resistant 
to various insects and diseases and certam unfavorable climatic cop" 
ditions seems more and more proimsmg Some of the work actually 
under way is described m latcv sections of this article 
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Commercially Maintained Seed Stocks 
To give a comprehensive idea of onion improvement as it is being 
conducted at present, it will be necessary to review methods employed 
by commercial mteiests as well as by State and Federal investigators 
Most of the onion seed produced at the present time is grown m Cali- 
forma There the mother bulbs of the different varieties are grown 
like those for market, with the exception that the rate of planting is 
heavier so that the plants are more crowded and a somewhat smaller 
bulb 18 produced These are grown by contract at so much per 100- 
pound bag Harvesting is usually done in August and Septembei , and 
the bulbs remam in the bag until time to plant in the field in late No- 
vember or December Before plantmg, most seedsmen pass the mother 
bulbs ovir a gradmg table to sort out the off color ones and at the 
same time select mother bulbs of good type to plant for the production 
of stock seed As a rule, the bulbs of the various varieties are distnli- 
uted to ranchers who contract to grow the seed at so much per pound 
If mother bulbs are selected caiefully, it is possible to maintain 
uniform stocks of the different \arieties Onions, however, are 

3 f cross-pollinated, and commercial varieties have a very mixed 
ity Usually there are enough differences between the plants of 
a variety so that it is possible to select rather widely foi type It is 
seldom that any two people have exactly the same idea of what the 
type should be in makmg selections As a consequence there are many 
strams of each variety Also, by following the selection method exclu- 
sively certain recessive colors and off-types are never biod out, they 
are earned along indefimtely Progressive seedsmen, however, are 
beginnmg to use scientific methods to develop stiams that are more 
uniform in si/o, shape, and color Breeding for the development of 
resistance to diseases and insects, however, is being conduct^ chiefly 
by the Federal Government and by the State-supported research 
institutions To understand these methods better it is well to know 
something about the llowenng habit and the floral cliaracters of the 
omon plant Inflorescence and Pollination 

When mother bulbs are planted in the late fall or winter the ru- 
dimentary parts of the flower stalks do not differentiate until the fol- 
lowing sprmg, and it is usually 3 or 4 weeks after differentiation before 
the flower parts emerge through the sheaths that surround them The 
flower stem elongates rapidly and may develop to a height of 5 or 6 
feet but usually not more than 3 or 4 feet The number of flower 
stems per plant ranges from 1 to 20 or more, dependmg on the size 
of mother bulb, the variety, and climatic conditions 
The flowers are borne m simple umbels at the upper end of the 
elongated stalk, the young buds being enclosed wnthm a papery bract 
whiw 18 split open^ pressure of the developmg buds shortly before 
the flowers open The number of flowers per umbel may range from 
60 or less to 2,000 or more The flowers have six perianth lobes or 
floral leaves m two whorls of three each and six stamens m two whorls 
of three each The pistil has a three-celled ovary with two ovules m 
eadi cell The anthers of the three inner stamens are the first to 
open, sheddmg their pollen one after the other at irregular mtervals. 
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after which the anthers of the outer whorl of stamens open, also at 
UT^ar intervals (fig 1) The pollen of a single flower is shed 
before the stigma becomes receptuc, and the process is usually com- 
ple^ m 24 to 36 hoim The style is approximately 1 mm (0 039 
mch) long when the flower first opens, not i caching its maximum 
length of about 5 mm (0 197 mch) until a day or two after all the 
poUen from that flower has been shed The flowers of a single head 
may contmue to open 

over a period of 2 IxmrwhqHofdcmtnt 

weeks or longer, and ^ 

a plant may be m 
flower for 30 days oi 
more 

Most of the pollen 
IS shed between 9 a 
m and 6pm Pol- 
Imation is effected 
mamly by insects 
that go from flower 

to flower and visit the OuhruMofihmtns 



nectaries at the base 
of the three innei 
stamens. Interpolli- 
nation among flowers 
of the same umbel is 
no doubt of frequent 
occurrence, as the 
same insect has been 
observed to visit 
many flowers on an 
umbel before leavmg 
In the onion, how- 



ever, cross-pollma- Fiffuv l — Method of flower opening and pollen shedding 
tion IS the rule in the onion A, hlower bud just before opening B, the 


Q . two outer whork of floral organs expanding and the 

9BLFING AN Am IN whorl of stamens elongabng C, just before the 

Onion Breeding shedding of the pollen by the inner whorl of sUmens, 


In the onion selflng 
ormbreedmg, accom- 
plished when a plant 
IS self-pollmated, is 
not an end m itself 


note the short style, D, the three sUmens of the inner 
whorl have shed their pollen and the three of the outer 
whorl have elongated, F, all six stamens have shed their 
pollen, note the long style, now receptive (From Jones 
and Hosa, I ruck Crop Pkmt$ ) 


but merely one of the tools used m the breeding program Inbreedmg 
m the onion is almost always accompamed by a loss of vigor for a num- 
ber of generations However, it permits many undesirable characters 
that have been earned along m the germ plasm, perhaps covered up 
by dommant traits, to express themselves, so that the Imes possessmg 
them can be rogued out The mam purpose of mbreedmg is to 
develop liTiaa that wiU breed true for certam characters Selflng is 
accomplished m the onion by covenM the entire umbel to prevent 
contammation with foreign pollen When the first flower opens on an 
umbel the entire inflorescence is enclosed withm a 1-pound mamla 
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paper bag and tied closely so that there will be a crowding of the flowers 
within the bag (fig. 2). If the umbels are small, as is usually the case 
after several generations of inbreedii^, a number of he^ can be 
enclosed in the same bag, thereby crowding flowers and facilitating pol- 
lination. Once each day toward evening, when the pollen is dry, the 
bags are tapped rather vigorously to help circulate the pollen within. 

Breeding Program with Inbred Lines 
Much of the improvement work, especially by commercial seedsmen, 
has as its object the freemg of varieties from plants that are off-type 
and making a variety or strain uniform for important commercial 


r 



hgure 2 . — Method of Belf-poUinaling omona. InfloreMJenceb are eiicliMed 
in 1 -pound mamla paper |>Bgs. 

characters This can best be done by selecting bulbs that are true 
to type, selling to secure uniform and true breeding lines, and finally 
massing the apparently similar selected inbred lines to bung about 
crossing, which will restore vigor Such a program follows: 

Firtt year . — Select a largo number of commercial bulbs that approach the ideal 
for the variety: the larger the number the better the chance of securing desirable 
lines. Plant the select^ mother bulbs in late fall, wmter, or early spring, depend- 
ing upon the locahty. 

Second year. — Sell-poUmate as described in the section on selfing. 

Tktrd year . — Grow progenies of all selfcd plants separately. Destroy unde- 
sirable lines during the growing season, or at harvest time, or upon their removal 
from storage. Retain the best bulbs in 26 or more of the most outstanding lines 
and plant for selfing and open-polhuation. 

Fourth year — Half of the umbels on each plant are selfed and the others are 
allowed to open-polhnate. By following this procedure it is possible to secure a 


Bupply of open polUnated seed of supenor quality that can be increased rapidlv 
to quantity production Tor practical purposes it is usually best not to inbreed 
more than two generations, because as a rule the plant is greatly weakenc 1 and 
it 18 difficult to secure a quantity of seed 

Ftfth year —Grow the progenies that were selfed in the fourth year scparatelj 
and again select the best bulbs from at least 25 lines for open pollination 
Sixth year — Group aU selections and plant them in the field so that the maxi 
mum amount of crossing between unrelated hi ts will occur Mass the sied and 
mcrease 

Use of Flies to Fvcilitate Crossing 
When new characters are to be incorporated in a variety, as is 
necessary m most cases when breeding for disease resistance, then the 
breeder must resort to crossing Plants to bo used for crossmg are 



Figure 3 — Method of introdnc ng flies into small poUinalion cages The cages are 
of cheesecloth stretched over wire frames and tied at both ends 
(Courtesy California Agncultural Experunent Station ) 


usually set 2 to 3 feet apart m the row to allow plei^ of room for 
mampulation of the small ct«e to be desenbed later The umMis are 
bagged as soon as the first flower opens At first only a few flowers 
on an umbel open dady, but the number mcreases until bloom, 
when 50 or more may open in a single day These early flowers are 
removed several times daily from the umbel of the female parent 
When the weather is hot tliey must be remov^ often becaure the 
anthers shed their poUen very soon after a flower opens When 
blossoming is at its peak, open flowers are no longer removed but are 
emasculS and us^ for crossing Umbels must be exa^ed fre- 
quently and the anthers removed from &e open flowers before the 
^Uen la shed to prevent contanunation of the umbel 
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When enough flowers have been emasculated, the remaimng buds 
of the inflorescence are removed The emasculated and disbudded 
umbel IS then enclosed under a small cheesecloth cage as shown m 
figure 3 The mflorescence of the male, or pollen, parent, which has 
al«) been kept covered to prevent pollen contammation, is cut off and 
enclosed withm the same cage, with the base of the stalk standing in a 
bottle of watei When handl^ m this manner the flowers continue to 
open and shed pollen for a week or more Fhes are added to the t age 
to do the pulhnatmg This tcchmque, as compared with hand-poUmo- 
tion, makes it possible to multiply greatly the number of crosses, and 
also to secure a higher percentage of seed setting To be certain that 
flies are free from foreign pollen, it is necessary to raise them under 
controlled conditions 

At Davis, Cahf , where considerable onion-bieeding work is under 
way, a technique for the growing of flies for pollmation purposes has 
been developed Lungs of beef, upon whu h the adidt blowflies lay 
their eggs, are exposed on tables m the open The hmgs are under a 
roof to provide protection from a high temperature and ram which 
imght kill many of the larvae Within a few days the larvae hatch 
and begm to feed When mature they begin to wandei about to find a 
place to pupate, at which time they are trapped by attachmg a 
trough along the side of the table into which the larvae fall A pad, 
containing a small amount of finely screened sand, is suspended at the 
end of the trough Once each day the pail is removed and replaced 
by another so that each pail will contain larvae of approximatdy the 
same age The lai vae soon burrow into the sand to pupate, and later 
the pupae are separated fiom the sand by screening The pupae are 
held at room temperature and are placed m a small screen cage before 
the adults emerge (fig 3) Each cage, measuring about 6 by 6 mches, 
has a cone-shaped top, at the apex of which is a small opomng closed 
by a cork As the flies hatch they gradually move up mto the cone 
When used m polhnatmg, the cone is inserted into the lower end of 
the cloth cage containmg the two umbels, the cork is removed, and as 
many flies as needed are allowed to esoaTO mto the cage They soon 
begm to feed and in doing this carry pollen from flower to flower and 
accomphsh poUination 

It 18 often desirable to accumulate mature pupae m order to have a 
good supply on hand foi the peak of the pollinating season They 
can bo kept for several weeks at about 45° F It is best not to store 
them at this temperature until the adults are almost ready to emerge, 
otherwise fewer of them wdl emerge Also, the flies appear to be less 
active when the pupae are stored early m the pupation period 

BREEDING FOR RESISTANCE TO DISEASE 
Pink root of omon, caused by the fun^s Phoma terrestns Hansen, is 
a major disease m many omon-growmg districts, especially of the South 
and West Porter and Jones (/d), working m California, found that 
Sweet Spanish was slightly resistant to pink root and that me Japanese 
omon, Allium Jistumum, Nebuka tyjie, was very resistant In 
Cahforma, Austrahan Brown No 17, a single plant selection, is 
somewhat more resistant than the commercial variety from which 
it was isolated, and Sweet Spanish No 35, another single plant 



ONIONS 


243 


selection, is also more resistant than the commercial vanety Fehx (7) 
has also reported that Wmterhecke and White Welsh, varieties of 
A JUtvloaum, as well as different strains of Nebuka (Natsu-negi 
Nebuka, Seni-negi Nebuka, Tokyo-Nebuka, and Iwatsuki), are re- 
sistant to pmk root 

The various types of AUxum Jistvlomm have little commercial 
importance m the Umted States, but it would be desirable to have 
certam msect- and disease-resistant characters they possess mcorpor- 
ated m varieties of A ce^ With these objects in view, Emswel- 
ler and Jones (3) have made a large number of crosses between some 
of the Nebuka types and many varieties of A cepa First-generation 
hybrids of Yellow Globe Danvers X Nebuka and Nebuka X Austra- 
lian Brown have been grown on soil heavily mfested with the pmk 
root organism, the roots showed some pink, but the plants apparently 
were not checked m their growth The Australian Brown vanety 
has proved very susceptible to pmk root, yet the hybnd grew vigor- 
ously on mfested soil throughout the season Back crosses have been 
made to the Austrahan Brown vanety, but readmgs have not ns yet 
been made on resistance 

The smut disease, caused by the fungus Vrocysixs eepvlae Frost, is 
present m most of the omon-growing distncts of the North for- 
maldehyde apphod m the row at time of seedmg is a satisfactory 
control measure, but the cost of this treatment could be elinunated 
by the development of resistant vaneties In 1925 Anderson (/) 
suggested the use of Wmterhecke as the lomcal parent for the breeding 
of a smut-resistant onion by crossmg He states that it is almost 
immune to smut, and by his descnption of the vanety one is led to 
beheve that it is the Nebuka type of AUxum JUtvlosum In 1932 the 
wnter sent seed of the Nebuka to A O Newh^, of Comdl University, 
who tested the seedUngs under epidemic conditions and found them 
to bo practically immune to smut Breedmg work is under way at 
present lookmg toward control by the use of resistant vaneties 
Wogemes mvcdve crosses between the two species, A cepa and 
A fatvloaum Only a few first-generation hybnd plants were secured, 
and ^ese have been self-stenle Back crosses nave been made to 
both parents, however, but as yet these progemee have not been 
subjected to resistance tests 

Mildew, caused by the fungus Peronospora schlexdenx Unger, is one 
of the most destructive diseases to the onion seed crop In Cali- 
forma losses may run as high as 80 percent m some seasons Several 
omon strains that are higmy resistant to mildew have been isolated 
by mvestigators of the Cahfomia Agncultural Expenment Station 
One of these is a male-stenle stram of Itahan Red, pedigree 13-63, 
the leaves of which are hi|hlj mustant and the seed steins apparently 
imniiiTiA Many progemes are now being tested under epidemic 
conditions 

A disease called smudge, caused by the fungus CoUeiotrxchum cxr- 
exnana (Berk ) Vogl , does considerable damage to the storage crop of 
the North by causing bulb shrinkage and premature sprouting 
Walker, Link, and Angell (£S) have shown that pigmented vaneties 
of omons are resistant to smudge, while the white are not On pig- 
mented onions the disease is confined mamly to the neck Resist- 
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ance is probably due mainly to the presence of protocatechuic acid — 
one of the carbohc acids — which is m some way closely associated 
with the yellow and red pi^ents m the dry outer scales of the bulb 
Insofar as known, this is the first case where resistance to a certam 
disease has been shown to be due to a defimte chemical constituent 
Rieman (W), m a study of the relation of pigmentation to disease 
resistance, states that the genes W (red) and Wy (yellow), which are 
responsible for the production of the red and yellow pi^ents, are also 
responsible for the production of protocatechuic acid Whether or 
not i;e8istance can bo mcorporated m the true breeding white vaneties 
of onions remains to be determined 
Accordm^ to Walker pigmented omons are also more resistant 
to the mvasion of certam spwies of the fun^s Batrytis (B aUn Munn 
B squamosa Walker, and B byssotdea Walker) lie states that 
resistance in colored bulbs appears to be due to a water-soluble toxic 
substance in the outer scales that excludes the fungi Colored bulbs 
are not resistant once mfection is established 

Yellow dwarf is a virus disease of onion that causes a characteristic 
yellowmg, wrmkli^, twistmg, and diooping of the leaves and dwarf- 
mg of the plant This disease was prevalent for a tmie m the Pleasant 
Vr^ey onion distnct of Iowa and has also been reported in other 
distncts In a field test of 34 varieties m 1929 Henderson {10) found 
that Sweet Spanish was the only variety showmg marked losistance 
Plants of this variety did not contiact the disease when inoculated 
artificially and fuithermore did not carry tlio disease in a masked 
form It will b< roc ailed that this same vaiiety carries considerable 
resistance to thnps and to pmk root 

BRLEDING FOR RLSIblANCl 10 IN&hClS (PHRIPS) 
Thru 8 are picsent wherever omons are grown, and it is estimated 
that they cause more loss than all other insect posts and diseases com 
bined batisfactoiy chemical contiol has thus far been impossible 
because a largo numbe r of thnps are always protected between the 
inner leaves of the plant, the pupal stage is spent in the soil, the species 
18 very prolific , the gc nerations overlap, natural parasites are lackmg 
and other host plants are numerous The unsatisfactory control 
secured by chemical means necessitates a mode of attack difterent 
from that made in the past Jones, Bailey, and Emsweller {11) 
showed that certain vaneties and species of omon have defimte resist- 
ance to thr™ Among the most resistant are White Persian, Nebuka 
Cahforma Early Red, Early Grano, and Sweet Spanish Counts 
made in 1932 and 1933 showed that the vaneties used wore resistant 
m about the same order in bothyoars, so that certam of their characters 
evidently mfluenced the size of the thnps population per plant 
The White Persian vanety (P I 86279), obtameci from Persia 
through the Division of Plant Exploration and Introduction of the 
Bureau of Plant Industry, showed by far the most resistance (fig 4) 
The resistance of this vanety seems to be detennmed by certain 
growtoi characters, which help to hold the thnps population to a 
nnininnim , and perhaps by anatomical and physiological characters, 
which help the plant to withstand mjury The shape of the leaves is 
probably of importance m restnetmg the thnps population In most 
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varieties the leaf bl^es have a flat side; in opposite leaves these sides 
Bxe face to face and the young leaves are closely pressed together so 
that the larvae are protec^ against insect enemies and adverse 
weather conditions. In White Persian the leaves are almost circular 
in cross section and protection is reduced to a minimum. The wide 
angle between the two innermost leaves, especially in the young plant, 
is another White Persian character that helps to restrict the thrips 
population by reducing their protection to a minimum. Still another 
character, probably of some importance, is the greater vertical distance 
between the leaf olad^, each now leaf extending its sheath fartlier 
bejrond the one encircling it than in other known cultivated varieties 
This habit of growth produces an extremely long sheath column 



Figure 4 — Tbnps-reeutant onions. The ihree rows to ihe left are the variety While 
Persian (P. 1. 8^79); to the right are Anstralian Brown. Note the serious damage 
done by thrips to the latter vanely and the fireedom of the White Persian from 
injury. (From Jones, Bailey, and Emsweller, 11.) 

If commercial varieties of onions had these leaf characters the thrips 
population per plant would be reduced to a minimum and it would be 
possible to secure more efficient control by spraying or dusting. The 
shape and habit of leaf growth in (he White Persian help to restrict 
the number of thrips; o^er characters help the plants to withstand 
injury, but these are as yet undetermined. Maughan and M_acL«od 
{16) are of the opinion that avoidance of the plant by the thrips, the 

a e of contact of the leaves, the stage of ^wth of the plants, the 
ty of the plant tissues to recover from injury, and probably other 
influences have a bearing on resistance. 

CROSSES BETWEEN SPECIES 

The Nebuka type of Allium Jiavloaum has very little commerciid 
importance in the United State® at the present tune; but bwause of 
its resistance to various diseases, insects, and adverse clunatic condi- 
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tions it has become a valuable source of breeding material. Crosses 
have been made between Nebuka and various important commercial 
varieties of A. cepa by Emsweller and Jones (S), with the object of 
incorporating certain resistance factors possessed by Nebuka into com- 
mercial varieties of A. cepa. This species cross is rather difficult to 
make, but with the aid of flies considerable numbers of first-generation 
hybrid seed have been produced. 

The Nebuka types are nonbulbing; the hybrids between them and 
Allium cepa are intermediate in bulbing habit (fig. 5). Nebuka is a 
perennial; A. cepa is a biennial, the hybrids between the two are 
perennials, the tops remaining erect and the plants continuing to grow 



as lon^ as weather conditions are favorable. Although seed is pro- 
duced in abundance by Nebuka, the plants continue to form divisions 
at the base, and these can be used for propagation. In date of flower- 
ing the hybrids are intermediate between the two parents. Nebuka 
L usually in bloom 6 or 7 weeks before A. cepa. Blossoming occurs 
irregularly over the entire inflorescence throughout the flow ‘ 

in A. cepa, but in Nebuka the terminal flowers open first and blossom- 
ing proceeds progressively toward the base. In the hybrid the ter- 
mmal flowers are the first to open, although with less precision than 
in Nebuka; then a wave of opening extends toward the base, but this 
does not temunate the blooming of the umbel, for blossoming then 
continues for a time over the entire inflorescence as it occurs in A. 
cepa. In A. cepa the perianth becomes fully expanded; m A.JUtv^ 
lokum it remains erect; the hybrid resembles metfAvlomm parent very 
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closely In the Xebuka vaneties the leaves aie circular m cross sec- 
tion, whereas m most varieties of A cepa the leaf blade is semicir 
cular , m the hybrid the semicircular type of leaf is dommant Under 
similar growing conditions the hybrids show more vigor than either of 
the parents They multiply rapidly by subdivisions at the base, 
and would be able to mcrease and perpetuate themselves under nat- 
ural conditions The hybnds are practically self-stenle, they are, 
however, useful as pollen paients for back crossmg to both A cepa 
and A fistvlosum When the percentage of functional reproductive 
bodies 18 veiw small, normal sperm cells are naturally more numerous 
than normal egg cells, because of the much larger total number 
produced 

PREMATURE SEEDING AND IREEZING INJURY 
Pbemature seeding (bolting) occasionally causes heavy losses m the 
early crop of the ^uth and m those districts where an mtermediate 
crop IS grown from dry sets or transplants In central Cahfomia the 
percentage of boltmg is high when a cool spnng follows a warm fall 
A warm fall causes a large plant to develop T& si/e and cool spnng 
weather provide the proper combmation of conditions for boltmg 
according to Jones, Poole, and Emsweller (IS) Because of the lower 
temperatures pievaihng along the central Cahforma coast, boltmg is 
more prevalent there than m the mtonor valleys, making it an ideal 
place to select and breed nonbolting strains that may be useful else 
where The difference m bolting habit between vaneties is clearly 
brought out by comparable plantings made m five locations in Califor 
ma during the season 1934-35 A few of the vaneties with the per 
centages of boltmg follow Babosa, 73, Lord Howe Island, 66 
Earhest Express, 66, Early Grano, 63 Blood Rod Rocco 61, White 
Itahan Tnpoh, 42, Cahforma Early Red, 19 and Itahan Red, 17 
A selection out of Stockton Yellow Globe, stram 36-40, gave only 2 
percent of bolters, while a selection out of Stockton Yellow, stram 
21-1-3-4-Sj, mbred for six generations, was entirely nonholting 
These highly nonboltmg strams are being used m crosses to mcor- 
porate tlus character mto vaneties that are prone to seed prematurely 
when conditions favor 

Magruder and Hawthorn (16) found vanetal differences m resistance 
to freezing mjury, the soft textured types of omon, such as Yellow 
Bermuda, Crystal Wax, Cahforma Early Red, Extra Early Yellow 
and Itahan B!m, being the most susceptible 
GARLIC 

The culture of garhe (AUium aativum), hke that of omon, dates back 
to time immemorial Vavilov (SI) gives middle Asia as the primary 
center of ongm and the Mediterranean region as the secondary center 
From these centers the cidture of the plant has become worldwide 
It IS highly prized for seasoning Large collections of forei^ vaneties 
of garho have been secured by several States through the Division of 
Plant Exploration and Introduction These vaneties vary widely m 
such characters as number, size, keeping quahty, color, and pungency 
of the cloves, time of matunty, yield, resistance to thnps, and extent 
of flower development On some vaneties flower stems have never 
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been observed to develop , on others they reach a height of 4 to 6 feet 
and contain umbels witn a thousand or more flowers, and between 
these two eTctremes there seem to exist all possible gradations For 
some reason, at present unknown, all vaneties fail to produce seed 
Even on the profusely blooming Spamsh and Creole types seeds have 
never been observed Because of the lack of sexual reproduction 
improvement must be secured entirely through the selection of bud 
mutations 

CYTOLOGY AND GENETICS OF THE ONION » 

The onion has long been used as a source of material for studying 
the behavior of the somatic and meiotic chromosomes Emsweller 
and Jones (4) studied the morphology of the chromosomes of the two 
species Allium cepa and A fistvlosum, to develop a method by which 
the chromosomes of a genom could be identified, avoiding so far as 
possible the use of total chromosome length Chromosomes wore 
observed at the first division of the microspore, at which time they 
are well spaced a nd only one of each pair is present The length of any 
mdividual chromosome when measured in different cells is not con- 
stant because of lack of uniformity in stage of contraction and m 
fixation The constnction region is assumed to be located at a 
definite pomt on the chromosome, makmg it possible at least at late 
metaphase to recogni/e two arms, and a constant mdex figure can be 
calculated by dividmg the length of the short aim by that of the 
long arm Emsweller and Jones (5) have shown also that the type 
of chiasma is gene-controlled In A Ji«tulo<mm the chiasmata, at the 
first metaphose, are locahred at the constnction region, while in A 
cepa the chiasmata are placed at random In the first generation 
the chiasmata were at random as in the cepa parent In back crosses 
to A fi'itvlosum chiasmata were localized in 10 plants and at random 
in 7, indicating that the difference m type of chiasma is contioUed 
by a single gene, the localized type bemg recessive 
In a genetic analysis of the three bulb colors, red, yellow, and 
white, commonly present m the cultivated onion, Rieman {20) found 
that it was necessaiy to postulate five different genes to account for 
the results secured — I, a gene for incomplete mhibition of color, ?, a 
gene allowing expression of color W, a gene for red pigment , Wy, a 
gene for yellow pigment^ and w, a gene for white The gene inhibitmg 
color, /, IS dommant to its recessive allelomorph, i The heterozygous 
factor pair, Ii, produces red-necked and cream-colored bulbs in the 

P resence of the color genes W or Wy The latter and the factor pair 
i are mhented inde^ndently The gene for red, W, is dommant to 
the gene for yellow, Wy, and the gene for white, w The color genes 
are considers to be multiple allelomorphs 
Rasmusson {19) observed several abnormalities m chlorophyll 
development, white, yellow, chlorma, and T-chlonna The white 
and yellow seedlmgs soon me The chlorma form is yellowish at 
first but later may become greenish The T-chlorma is somewhat 
paler m color than the chlorma and soon penshes Some green 
plants when selfed yielded progeny m the theoreticsJ green to white 
ratio of 16 1 Green and yellow, green and chlorma, and green and 


• TUsaection ii wntten prbnanly for itodanti sad otbm proftsiionslly Intsrssted ia geoetlia or brsedinc 
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T-chlorma in each case occurred in a ratio of 3 1, but in some cases 
green and chlonna were in a ratio close to 15 1 Green chlonna white 
occurred in the ratio of 9 3 4, as did green chlonna yellow 
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BREEDING AND 
IMPROVEMENT 
OF PEAS AND BEANS 


B L WADF, Senior Geneticist, Din 
Sion of Fruit and Vegetable Crops and 
Diseases, Bureau of Plant Industry 


PI AS 

Naturalist^' liifve boon mterostod in Ptst/m foi scvcial hundred 
years, and there are many unmistakable references to peas m the 
wiitings of the old Greeks and Romans Columbus is reported to 
have grown peas on Isabella Island m 1403, and General Sullivan 
(It stroyod the growing peas of the Indians in western New Y ork in 1 770 

Pickermg (50)‘ states that of the culmary \ potables Pimm miimm 
IS the only kmd that can with any certainty oe tiaced back to the 
Stone Ago It was uncommon for peas to be eaten in other ways 
than as dry, cooked seeds before 1 700 

Much of the history of Pimm has been well leviewed by llediick, 
Hallj Hawthorn, and Berger {14) Ruclhus in 15Jb ivas the first 
to distmguish between giiden and field pens Since Pnum sativum 
L , the garden pea, and P arvtnse L , the hold pea, are completely 
cioss-fertile, the distmction seems entirely artificial, and most wnters 
now consider both types under P sativum In addition some vaneties 
of gaidon and canning peas (unquestionably P satimm) are usetl 
Gxtonsn ely for held peas 

It 18 noteworthy that peas were the first crop with which eonti oiled 
breodmg work for the production of new varieties was bemin, and also 
that they were the crop with which Mendel conducteii his histone 
experiments, which were the begmnmg of the modern science of 
genetics 

Vavilov (80) indicates that peas probably had their ongm in Ethi- 
opia, with secondary centers of diversity in Mediterranean Europe 
ind m southwestern and central Asia Although many forms are 
known in the Mediterranean region, peas have noier bwn of much 
importance in that aiea Farther north, in England, peas have 
reached their greatest perfection, and they aio an important crop in 
Scandinavia, Germany, the Netherlands, and France The Union of 
Soviet Socialist Republics at the present time probably surpasses all 
other countnos in the production of peas, mostly diy edible seeds 
In 1929 the acreage of peas for gram in the Union of Soviet Socialist 
Repubhes was 1,435,750 acres The estimated crop for 1931 was 
2,750,000 acres* Further mcreases are anticipated The Umted 
States pea acreage for all purposes probably does not exceed 1,000,000 
acres 


Italic number. In parentbeeei. refer to I teratiue Ci 
r. jj X Bonnett Mom w Id* 
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The pea is a vegetable easily mtroduced m most places where the 
climate is favorable The plants of many vanetios are cold^ardy and 
will survive fi winter under a enow covering If slightly frozen they 
will put out now shoots when the weather becomes warmer The 
blossoms are not particularly cold-tolerant and will survive only a 
light frost Peas do not thrive very well in warm weather, so their 
culture m the southern and southwestern United States is confined 
largely to the winter and spring months In the southern part of the 
Umon of Soviet Socialist Repubhcs, where summer quickly follows 
wunter, peas are grown to a hmited extent In the north-central part 
of the Umon of Soviet Sociabst Bepubhcs, east of Leningrad, west of 
Moscow, and in southwestern Sibma they are a i ery important crop 

Peas may be divided mto at least five classes according to use 
(1) Forage or green-manure crops, (2) dry, edible seeds, (3) market- 
^rden or green shelhng peas, (4) canning peas, and (6) ^ble-podded 
peas, which have no hmng membrane m the pod, a condition that has 
been traced to two genes The Union of Soviet Socialist Bepubhcs 
and the southern Umted States devote large acreages to forage and 
green-manure crops Nearly all the important pea-producing coun 
tries devote large areas to the production of seed for food and feed 
stuffs especially the Union of ^viet Sociahst Republics, Germany, 
the Netherlands, and the area around Spokane Wash , m the Umted 
States Classes 1 and 2 above are usually referred to as field peas 
Cahfomia produces more than two-thirds of the market-garden or 
truck peas grown in the Umted States of which the annual acreage is 
now well over 100 000 acres 

The climate of England is especially favorable to the production of 
laige-podded marke^^arden peas of high quahty 

Lately the preservation of <melled green ^as by freezing has become 
important m some parts of the Umted States particularly the Pacific 
Northwest This mdustry uses both market-garden and canmng 
vaneties but several seedsmen are now workmg to develop varieties 
especially adapted to freezmg 

.■■=■= ■ ■■ ==== ---=! ■■- ===================== 

THE most highly evolved pea variety so far produced by breeders 
IS probably Laxton's Progress. It has a very dwarf vine wuh a 
zigzag stem, which makes U sturdy and upn^, dark-greai 
foliage, and large, straight, dark-green, pointed pods, fromwhidi 
the peas can be shelled readily. Each of these dtaractensUcs is 
important to growers and e^ received attention in breeding 
The most notable characteristic of Progress, however, is that it 
beff,ns to bloom at the eigfith ornmdt noik on the Stan. This may 
not seem siffiificant to the inexperienced, but to pea farmers u is 
worth years of difficult breeding work, for u means that Progress 
is a few days ahead of its nearest rival m excellence, HundredfcM, 
which does not beffn to bloom until the ninth or tenth node 




PhA'i AND UhANS 


2'S3 

The United States cans annually from 12 000 000 to 20 000 000 oases 
of peas'* mainly m the States of Wistonsm Now York, Maryland 
Michigan, and Washington The canning of Mas is not an extensive 
mdustry in any other country at present Edible podded peas are 
widely grown m continental Europe They are for the most part more 
tolerant to heat than are other peas and have now become a rather 
common vegetable m Hawaii and southern ( hina In the continental 
Umted States they aio piactually hinittd to homo gnrdins 
OhIGIN of THt Ou>ER VaBIETII S 

Thomas Andrew Kmght, of Downton C astle, Wiltshire, England, 
the first great hybndi/er, begiui his work with peas m 1787 Some 
of Ins varieties are still used, and they have been the foundation 
breedmg stock for most modtrn pta vniulies 

In 1822 John (lOss published a paper m which he recognised the 
dommance of yiUow cotyledons and that green segregates from his 
crosses bred true If he had earned his observations a little farther 
he would have ant( dated M( ridels discovrnes by some 40 years 
Succeedmg Kmght, many famous pea breeders bigon tliiir work 
m England About 1860 Mcljcan, of Colchcsttr, produced Little 
Gem and his imjioitant Advancer, from which the American vaneties 
Abundance and Perfection weie denved Thomas l^axton bred tin 
vunoty that bears Ins name, mtiodiicing it in 1898 Laxton Bros 
later produced Laxtoman about 1907, and I’rogiess in 1921 
Culverwcll originated 1 elegraph, a smooth seeded variety with 
long pods and a tall vine, some time before 1877 It became very 
popular both in 1 iigland and m the Unittd States Idephono, a 
wrinkled seeded stiain of Telegraph, was derived from Tele^aph by 
Carter m 1878 and has largely leplacrd it, probably on acrount of 
its much better quahty Aldinnon, introduced by Laxton about 1891 
has largely replaced 1 elephone m the United States, jirobably bocaube 
of the demand foi darker pods 

Several Englisli s<ed compames have for at hast 50 years poured 
a contmuous stre im of new vam ties into the markets of the world 
Moat of these have been successful only m 1 iigland^ but such a 
diversity of vaneties lias been supiilied that most countnes find them 
selves usii^ a numbe r of varieties that originated in England The 
prmcipal English seed companies contiibuting to pea improvement 
have been Laxton Bios , Sutton & Sons, Carter & ( o , and lluist & ( o 
All Amencan varieties aro undoubtedly similar to English vaneties 
and m many cases confusion exists as to the ongin of a given vanety 
Alaska was introduced as an Amencan vanety by A B Cleveland 
about 1880 It is so simdar to the Enghsh variety Earliest of All, a 
cross of Ringleader X Little Gem mtroduced m 1881 by Laxton 
that these two vanetus are now mdistmguish able Alaska is a smooth 
seeded, very early, straight-stemmed vanety with light-green pods 
and foliage, which typically begins blooming at the eighth node 
Dwarf Telephone as now grown is a midseason variety bloommg 
at about the fourteenth node Ihc vine is a sturdy dwarf with a 
zigzag stem, and the pods and foliage arc light green The pods are 
long and pointed Introduced m 1888, the vanety is now inextncablv 
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mixed and apparently synonymous with Daisy, although ongmally 
different It on^atm m the Umted States as a cross of Stratagem X 
Telephone, while Daisy bad its or^m m England as a cross of Stratagem 
and an unnamed variety Daisy was introduced by Carter about 1891 

Potlatch (Leonard, 1906) is now synonymous with Stratagem 
(Carter, 1879) These are essentially the same as Dwarf Telephone 
except that they both have dark-green pods and foliage 

Current Important Varieties 

The advent of the canning industry m the United States about 1850» 
and technical improvements m canmng machmcry about 1890, gave 
a great unpetus io American pea breeding, and at present the United 
States produces about as many varieties as ai e imported from England 
The practice of renaming makes it ihfficult in many cases to be certain 
of the on^ of a variety, smee a single name may serve for several 
closely related varieties, or a single variety may have many names 

The peas with which Knight b^an his woik were smooth-seeded, 
mostly tall (though a few were dwaif), late, and small podded The 
records do not show how he obtamed his first wrmkled strain, but he 
combmed the wrinkled characteristic with somewhat larger pods 
The quality of sweetness brought in by the wiiiikled characteristic 
soon made his vaiieties populai not oiilv m England but in con 
tineutal Europe 

The English breedeis ha\e gmn hut siant attention to disease 
resistance, but they hiui gone aliead vigoiously to produce larger 
pods, higher yields bettei quality eailiei stiains, and stiudlei types 
of vines 

Whin the early pea biecdeis began then Mork they were inteiested 
in dual purpose pc as, that is, peas that could be used m the green- 
shell condition and also dry As peas became a nioi e popular vegetable 
more emphasis was placed on desuable chaiactenstics for a green 
sholhng poa until varieties were developed solely for that purpose 
In the eaily days peas for porridge were cooked whole and consequently 
both smooth anil wrinkl^ peas could be used At the present time 
most dry peas for cookmg purposes aie sold in a hulled, split condition 
As wiinkled pens split with difhculty and it is extremely difficult to re- 
move the hulls, they are no longei produced commeicially for cookmg 
m the ripe, shelled condition 

The most highly evolved poa variety so far produced is probably 
Progress (Laxton Bros , 1921) It has a veiy dwaif vme, with a 
7igzag stem— that is, the nodes are not straight but are set at com- 
pensatmg angles so that a yeiy sturdy, upn^t plant is produced — 
the pods and foliage are veiy dark ^een, and the pods aie very laige 
and straight with pointed ends Progress begins to bloom at the 
eighth or nmth node and Hundredfold at the nmth or tenth To the 
inexperienced there may be no essential diffeicnce between Hundred 
fold and Proms^ but to the plant breeder and pea farmers it is 
worth years oi difficult breeding work to have a variety that is a few 
days earlier than Hundredfold and with pods slightly larger than 
some strams of Hundredfold Many peas that have competed with 
Hundredfold and Progress — such as Blue Bantam (Burpee, 1912), 
Peter Pan (Watkms and Simpson, 1910), and Laxtonian (Laxton 
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Bros, 1907)— have failed because of their light-green pod color, 
slightly smaller pod size, slight pod curvature, ti^tness of peas in 
the pod, or some other slight diflferenoe of commercial importance 

Before the advent of large-scale shipping of market-garden peas 
there was no particular reason why varieties with dark-green pods 
should be preferred to light However, retail customers began to 
believe that the light-green pod color was associated either with over- 
npeness or staleness of the product, so that today no popular market- 
garden variety has a light-grcen pod 

This brmgs us to the questions of synonyms and misnaming If 
a seedsman had a good trade m Laxtonian he might not object to 
sellmg Progress or Hundredfold to his customers as Dark-Podded 
Laxtonian, especially if his customers mquired whether he could not 
furnish them with a dark-podded strain After a few years the dark- 
podded designation might he diopped and tlio now variety sold 
under the old name of Laxtonian As a matter of fact, in 1 928 nen rly 
all strains of Ijoxtonian had light-gieen po<ls, while ot the strains 
exanunod m 19S5 all bad dark-green pods except one Most of the 
Laxtonian sold in 1915 appeared to he the Hundiedfold of 192S, 
whereas the Hundredfold of 191 ) is ati improvement over the oiiginal 
stram, with pods that undi i the host of conditions may ho larger than 
those of Progress 

This process has probably been repeated m practically all groups 
In the nudseason group (late vaneties of peas are not grown in the 
United States) Daisy and Dwarf Telephone were at first hopelessly 
confused and tlitn reduced to minor unportance in competition with 
dark-podded Stratagem and Giant Stndo In some places consider- 
able quantities of Dark-Podded Dwaif Telephone are sold, but the 
vanety is in reality only a strain of Stratogem Giant Stnde is a 
Stratagem typ< , excellent foi shipping on account of its very heavy 
pod walls Canning Vanetus 


The canmng of peas did not attain much jiopulanty in this country 
until around 1900 Tlitre wcio no canning vaiiotics, and canners 
tried various market-garden typos They found that they needwl 
characteristics in their canmng varieties that market gardenois 
w ould find disadvantageous For instance, they wanted peas with a 
maxunum number of seeds m the edible condition at ono time, while 
the maiket gardener desired his varieties to produce over a longei 
peiiod 

In the canmng vanetus very large pods have been purposely 
avoided, smee they are not particularly well adapted to ‘ vining” 
machmery, and the yield of shelled peas per acre from large-podded 
vaneties is usually considerably less than from small-podded vaneties 
of the same tune of matunty The early vaneties of canning peas 
all have straight stems with relatively long mtemodes This makes 
them convement to harvest on poor soils, since early peas with z^- 
zag stems would not make growth enough to Be handled effi- 
ciently by machmery Alaska and Surpnse are typical of this 
group and both begin to bloom at the eighth or ninth node The 
small pods crack open readily under the impact of the beaters of the 
pea vmei 
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The later canning varieties all have zigzag stems except the Ad- 
mirals, and the pods are usually home m parrs, although under adverse 
environmental conditions single pods may be produced Perfection 
blooms typically at the fourteenth node It deviates shghtly from 
Advancer in shape of pod apex and yield, and slightly from Abundance 
m tightness of pod and node of bloom Practically all canning peas 
have hght-green pods and seeds, m contrast to the successful mancet- 
garden varieties In an attempt at competition with the market- 
garden and frozen peas, some canners have canned vaneties with 
dark-green seeds 

The group of peas usually known as Gem has furnished prac- 
tically ml our canmng peas At the time cannuig became popular, 
various Gem types were losmg their populanty in competition with 
large^odded market garden vaneties Canners found, however, that 
the Gem types that shelled with some difficulty by hand could be 
shelled easily by machmery and that the sueld per acre would be 
larger than for latge-poddea peas The Gem group might be charac- 
tenzed as havmg on vanous types of vines, blunt or neany blunt, well- 
filled pods of small to medium size, not exceedmg 3)4 mches m length 
From this group, l^ht-green vaneties with good to high productiveness, 
poor to high culinary quality, and early to midseason matunty were 
selected or bred for cannmg purposes There is no popular cannmg 
pea with a pointed pod, although many such vaneties have been 
mtroduced 

Alaska is a smooth-seeded pea with some of the quality of Lattle 
Gem, although this quahty is not evident m the lai^r siftmgs or older 
seeds from this vanety Alaska retams its prommence largely because 
of its hardmess under adverse conditions, and the canned product is 
popular m restaurants, where a fairly tough product is desired that 
will stand up well after reheating 

Advancer was developed by McLean about 1860 as a market-garden 
vanety It was from a cross of Beck Gem with some other wnnkled 
vanety Perfection is of better quahty than Advancer and is denved 
from it by selection Practically all strains now offered as Advancer 
are in reality Perfection Differences m Perfection and Advancer are 
difficult to state exactly, but m general the Perfection pods are shghtly 
laiger and the yield is somewhat greater under comparable conditions 
Perfection, and improvements from it, now constitutes the most 
important midseason canning pea vanety 

Surprise (Horeford, 1889), from a cross of Earliest of All X Amencan 
Wonder, is one of the best^uality peas known It is m season with 
Alaska and before matunty can be distinguished from Alaska only with 
difficulty The major difference seems to be a greater amount of 
marbhng on the stipules of Surpnse 

Prmce of W ales is a large seeded Gem type, somewhat later m season 
than Perfection, but even under the best of conditions the pods do not 
fill well It IS popular m limited areas for the cannmg of peas ungraded 
as to size, of a darker green color than Perfection 

Many seed compames are now attemptmg to develop pea vaneties 
especially adapted to preservation by freezmg Perhaps the ideal 
freezing vaneties will have relatively large se^s and medium-sized 
pods that can be handled by the vmmg machmery now used for 
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canning vaneties To be successful as a vancty for freezuig, the 
seed color must be dark green without developing a bronze tone 
when the pack has been thawed 

Summary of Vaneties 

A summary of the pnnoipal varieties m common use at the present 
time mcludes — 


Canning peas 
Alaska 
Perfection 
Surprise 
Prince of Wales 
Green Admiral 
Yellow Admiral 
Market garden in-as 
Progress 
Hundredfold 
Giant Stride 
Alderman 
World Record 
Gradus 


Market garden peas — Continued 
Thomas La'^ton 
Farly Gilbo 
Dwarf Telephone 
Stratagem 

Field peas (dry edible and covir 
crop groups) 

Alaska 
Blue BcU 
First and Best 
Extra Farly 
White Canada 
Austrian Winter 


Of the SIX caniung \ nnctics listed, only two are of undoubted English 
ongm — Pnneo of Wales (Green Giant) and Yellow Admiral (Fair- 
btard Nonpareil) — and both are of minor importance Green Ad- 
miral, also of minor importance, was denved by selection by Rogers 
fiom Yellow Admiral Alaska has been su^ooted to mtcnsive brew- 
ing work by Delwicho, Renard, Rioman, Wade, and Temple, espe- 
ciallv for resistance to fusanum wilt Perfection (Gallatm Valley 
Seed Co , 1914), derived from Advancer, has been the subject of much 
breeding work for wilt resistance by Renard, Delwicho, and Wade 
Now wut-resistant Surpnse t>pcs, denved from crosses of Surprise X 
Alaska or Surpnse XPeerkss, have been bred by Delwiche, Wade, and 
Renard 

Of the market-gaidcn types none is of undoubted Amencan ongm 
except l^rly Gilbo (Rogers, about 1934) The three of greatest im- 

E ortance are imquestionably of Enghsh on™ The greatest contn- 
ution of Amencan seedsmen to the English market-garden vaneties 
lies m their selection of pure Imes m which the mcioence of “rabbit 
ear” and other rogues is very low Rabbit ear is a condition m which 
the leaves, stipules, and pods are greatly reduced m width while retam- 
mg approximately the same length, so that at a distance the stipules 
look uke the ears of a cottontail rabbit 

In the field-pea group Alaska is agam first Blue Boll, which 
prohably ongmated m contmental Europe, had its name changed from 
Blue Prussian dunng the World War First and Best and Extra 
Early are of Amencan ongm White Canada and Austrian Wmter 
are probably from the countnes mdicated by the names Lattlo e^rt 
has been expended m developiim vaneties suitable for field peas The 
University of Idaho stram of Sue Bell, named Idabell, is a supenor 
stram of that vanety Some seed compames that grow a great many 
field peas possess pure hnes that, m their freeedom from offtypes, are 
equal to some of the best strams of cannmg peas 
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Origin and Evaluation of New Vahiftifs and Strains 
The Wisconsin Agncultural ETOcnment Station group worl^ 
with canning peas have greatly influenced the trend m the industry 
E J Delwi^e has been prominent m this work and ^ contributed 
at least 11 strains, of which Badger (1921), a variety like Perfectaon, 
was the first introduction Badger is of exceptionally quality, 
but the canning trend away from small seeds and susceptibiuty to wilt 
has prevented its general use Horal (1923), a small-vined Perfection 
type, one of the heaviest-yieldmg peas known to the cnnnmg industry, 
faded to achieve populanty because of its ve^ decided lack of quality 
coupled with small seed si/e Alcross and No 19 strains of Alaska 
have been of value in breeding homozygous wdt-rcsistant strains of 
Alaska peas They are still grown to a considerable extent, and some 
of the completely wilt-resistant strams of Alaska on the market have 
been selected from tliem Ashford (1924) is an exceptionally good 
strain of Horsford, but it is later than Perfection, and therefore the 
demand for it is very limited Wisconsin Early Sweet (1931) is a 
vigorous wilt-resistant type approaclung Suninse in quality and hav- 
ing the hardiness of Alaslm It promises to become a very important 
vancty Wisconsin Perfection (1913) has achieved some populanty 
on account of its haidiness and wdt resistance 

The Canncis Seed Corporation has introduced seieral now strains 
of peas since 1930 These haie all lesultcd fioin the breeding work 
of E J Renard All introductions by this company ha\ e been pure 
(homozygous) foi wilt resistance and were bieil espocially for adap- 
tation to conditions in Wisconsm Wilt-resistant Perfection (1930), 
wilt resistant Alaska (1930), and wilt resistant Early Perfection (1933) 
have been veiy favorably rcceiied by the canning trade The popu- 
larity of laige-seeded Perfection and Improied Wales will depend on 
the trend of the caniung industry toward oi awov fiom large-seeded 
types 

The Washbum-Wilson Seed Co has mtroduced several strains of 
completely wilt-resistaiit pens since 1932 These aie foi the most 
part the result of breeihng work earned on by the wntei The most 
successful of these seem to be Walah (1932), from Rmce of Wales, 
Alah (1932), which is a wilt-resistant Alaska, and Mardelah (1935), 
a wilt-resistant Surpnse type 

C E Temple, of the Maryland Agncultural Experiment Station, 
has onginated a straui of Alaska that does well under conations 
existmg m Maryland and adjoming States It is resistant to fusanum 
wilt (caused by fusanum ortkoceras Appel and Wr vai pisi lanford) 
and possibly to certom other diseases 

Stuart F Smith, of the Sioux City Seed Co , has produced wilt- 
resistant strams similar to Alaska and Perfection M C Parker, of 
the Gallatin Valley Seed Co , is breeding peas for fusanum \^t re- 
sistance, types for freezing, and types with multiple pods 

It would appear from the emphasis on wait resistance that fusanum 
wdt has been of great importance m the U^mted States To a con- 
Biderable extent it has been important, even the limiting factor m 
certam areas Probably the mosti mterestmg thmg in connection 
with the work on fusanum wdt has been the gener^ imoption of pure- 
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line breetog bv the seed companies It was found that most stocks 
of partially wilt-resistant strains did not give good canning results, 
on account of the mixture of prematurely npenod peas from susceptible 
plants with the normal peas from the resistant plants After it was 
found that pure lines were highly satisfactory in the wilt work, pure- 
line method were used m connection with othei seed stocks, so that 
the standards of the industry with regard to logues have been very 
defimtely raised 

Much confusion usually exists m the seed industiy ns to the exact 
identity of strains It is not improbable that some one strain of wilt- 
resistant Alaska oi other v aiieties may come to be consider^ of out- 
standmg ment However, with the lapse of time and the tendency 
to substitute similar tlungs for each otnei, confusion will anse as to 
the actual strain employed Many companies have found that wilt- 
icsistant Alnbki and wilt-iesistant Perfection aie entiiely satisfactory 
as canning peas and cannot be distinguished m any dt finite way 
from coiiesponding susceptible biotypes except in icaction to wdt, 
so that they feel justihed m caiiying only one strain of each major 
variety New ^ ork btato apparently does not have a wilt problem, 
but many of the Alaska and Perfection stocks delivered in that State 
are wilt-iesistant 

The futuie cannmg types, for this country aie lathei unpredictable, 
but it seems likely th it enily peas with stems like Alaska or Surpnso, 
and later peas with heavier stems like Peifcction, will be in demand 
Laige-scecled strains aie being sought foi the canning of ungraded 
‘sweets but so fui they have not given entirely satisfactoiy yields 
Resistance to discuses othei than wilt, to insects, and to adverse 
wcathei conditions ah aie pioblcms that will bo woiked on in the near 
future by plant bieedeis, and in some cases sudi work is alieady 
under way Seuiles, at the Wisconsin Agiicultuial Expenment 
Station, is doing some work on toleianco of pea varieties to aphid 
injuries 

\mong the maiket-garden types, Prowess (Lsxton Bios, 1921) 
IS the most impoitant vaiiety Hundieufold (Sutton, 1910) is next 
m importance These two varieties have Inigcly replaced similar 
vaneties hke Laxtoman, Blue Bantam, Pioneer, and Peter Pan 
Giant Stndo (Cartel, 1916) is now piobably thud in importance It 
has largely replaced Dwarf Telephone and Stratagem in the western 
United States As introiluced it w as qmte a v anable strain Aswow 
No 40 and Stndah are puie-hne selections fiom Giant Stnde or 
similar material introduced in 1930 and 1931 Recently the Umted 
States Department of Agnculture, partly in cooperation with the 
Cahforma Agricultural Expenment Station, has pioceedod with 
crosses between Giant Stnde and Progress in which desirable early 
Progress and Hundiedfold types have been selecteil for resistance 
to Stroms of Fumrium ,, 

Seed stocks handled under the name of Alderman consist essentiaUy 
of two types One type is true Alderman (Laxton, about 1891) and 
18 extensively grown m home gardens wheie a vanety adapted to 
trelhsmg is desired, and to a hmitod extent in commercial market- 
garden areas The other type is common m the truck-farmmg areas 
of the West and is either Quite Content (Carter, 1906) or a denvation 
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from a cross of Alderman with Qmte Content The largest pods and 
most fancy packs of market peas obtamed m the Umted States are 
made from this second type of Alderman, which really desenres a 
name of its own Sometimes it is referred to as loi^-pod Alderman, 
or Alderman with some geo^phic designation The best way of 
differentiati^ between the Aloerman types is by noting pod wall 
thickness The old type of Alderman has a thm pod wml and the 
new type has a much tmcker pod wall 

Early Gilbo (Rogers, about 1934) is an exceptions^ promising 
variety midway in season between Hundredfold and Giant Stnde 
The pods are straight, well-filled, approximately as large as those of 
Giant Stride, and moderately thick walled 

Gradus, Thomas Laxton and World Record are popular in certain 
areas in the eastern Umted States but the pods are so small that 
western shippers do not use them These are all early, straight 
stemmed varieties blooming at the eighth to tenth nodes Thomas 
Laxton has blunt pods, the other two have pomted pods 

Manv American seed compames have contributed to the introduc 
tion or breeding of superior vaneties and strains of peas Among these 
should be mentioned Associated Seed Growers, Inc , and their prede- 
cessor firms, the Everett B Clark Seed Co , the John H Allan Seed 
Co , and N B Keeney & Sons, the Ferry Morse Seed Co and their 
predecessor firms, D M Ferry & Co and C C Morse & Co , the 
Romcs Bros Seed Co the Washbum-Wilson Seed Co , the GaUatm 
Valley Seed Co and its predecessor firm, the Davis Seed Co the 
Cannere Seed Corporation the Sioux City Seed Co W Atlee Burpee 
A Co the Jerome B Rue Seed Co Francis C Stokes A Co and their 
predecessor firms the Chas H Lilly Co the Livingston Seed Co , 
and Vaughn s Seed Store 

SNAP BI ANS 
History and Use 

Bfanb (JPhabeol'u<! tulgans L ) were introduced from the Americas to 
Europe and Asia, where they early became populai They were 
mentioned in Europe about 1542, and by 1616 a large number of 
vaneties of different types were descnbed Hednck, Tapley, Van 
Eseltme, and En/ie (/ 5) have mven a very satisfactory summary of 
the early history of beans and descnptions of vaneties now grown or 
once grown m the United States The most extensive previous 
studies of bean vaneties were made by Irish {17), Tracy (77), and 
Jarvis {18) 

Beans may be divided mto three major classes accordmg to form 
m which they are harvested and used — (1) diy shell, (2) green shell, 
^) snap or gieen beans There is some overlappmg of these groups 
For instance, Canadian Wonder is thought of as a diy shell bean m 
this country but is considered a good snap bean m parts of the Bntish 
Empire Low Champion as used falls mall three categones Snap bean 
vaneties may be further divided mto (a) market garden, (b) home 
garden, and (c) cannmg beans, but distmctions on such a basis are not 
pmiicularly vahd, smce most of the canning beans are frequently 
used for the other two purposes Most of the present discussion will 
be concerned with snap bean vaneties and their development 
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Beans are also classified according to type of vine and pods A. 
bush bean is a type in which the inflorchcence is at the tip of the 
plant, when it appeals, the plant stops giowing In a pole bean, on 
the other hand, the floweis are along the stem, which continues to 
grow indefinitely, its ultimate length depending on environmental 
conditions All bean pods are gieen when they aie very small, but 
some turn white, yellow, oi ciystal * as they appioach an edible 
stage The latter types ai e called wax beans Pole beans aie mostly 
use<I for home gaidens Wax beans aie cveiywhcie less popular than 
green, but they aie used for caiinmg, shipping, and home gardens 
Smee wax pods readily show spots, theie has Dcen some discrimmation 
agamst them m sections wheio pod-spottmg diseases aie common 
hiom a shipper’s standpomt beans aie also clabsihcd as flat or round 
Beans heart-shaped or oval in cioss section are usually classed v(nth 
the round group, and any pod with a diameter m one direction less 
than 80 percent of the diametei at light angles to it is consideied flat 

At the present time Floiida pioduces well ovei half the shipping 
crop of maiket-gaidcn snap beans New "A oik, Maryland, Wis- 
consm, Michigan, and Coloiado pioduce a laigo pait of the ciop foi 
canning Origin of ruh Ololr VARibniiS 

An Intel est in early bean vaiietus with stimgless pods mve the 
initial impetus to Ameiiean bean breeding about 1890 ftevious 
to that time seed compames had given but st ant attention to bean 
breedmg, apparently being content to intiodm e a selei tion made by 
a farmer or a vaiiety that had become common in some faiming 
community White Kidney (shell), Dutth Caseknife, La/y Wife 
(pole), Karly Yellow Six Weeks, and Mohawk go bock too far in 
horticultural history to be tra« ed with any elegreo of certainty Wax 
beans seem to have bet n introdiu od from Europe when Algiers (wax 
pole) was brought to this country, and Geiman Blatk Wax (bush) 
was introduced about 1865 

Even aftei sttd tompamos betame inteiested in impiovement work 
it wasconfmed mostly to selections from existing stocks or to developing 
progemes from chant e < rossmgs The seedsmen were seckmg early 
vaiieties with less fiber in the pod walls anti a i eduction or elimination 
of stnngs as well as a certain smoothness of pod, and in some t ases 
they considered an increase in pod si/e important However, these 
seetlsmen gave only mtidental attention to offtypes appearmg m 
their stocks, and progress was not very rapid 

The most successful of these eaily plant breedeis was Calvin N 
Keeney, of Le Roy, N Y Among lus productions are Pent il Pod 
Blatk Wax, Brittle Wax, Rustless Golden Wax, Wardwell Wax, 
Burpee Stimgless Green Pod, Surccrop Stnnglcss Wax, Giant Stnng- 
less Green Pod, and one strain of Stnnglcss Green Refugee These 
vaneties were all stimgless and of very high cuhnary tmahty when 
compared with such vaneties as Eaily Six Weeks and Mohawk, and 
they all became popular in spite of the fact that they were not quite 
so hardy as the older vaneties Bnttle Wax has persisted as the most 
popular wax for cannmg, and Stimgless Green Refugee is stm the 
most satisfactory type for canmng high-quality green beans Pencil 

iCrybtalisttaa term uwd to de crlbe a nearly wdorleoe rather tranal loent appearing pod 
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Pod Wax is of very high quality, but the tendency for the pods to 
curve has kept it from being a popular garden or shipping bean, and 
the black seed has prevented it from attaining CTeat popularity as a 
canner. At the time, however, Burp^ Strindess Green Pod was 
sensationally successfid and was ^wn in most borne g^ens as well 
as for canning and shipping. The ^at success of this one variety 
stimulated Keeney, as well as other breeders, to continue the devel- 
opment of new stnngless varieties, while Burpee Stringless Green 
Pod remained very popular with home and market gardeners, fmd 
Giant Stringless Green Pod became the favorite for an early canning 
variety for packs of cut beans. Part of Keeney’s varieties were 
introduced by the W. Atlee Burpee Co., part by himself. During the 
last few years the Keeney stocks have been consolidated with those of 
two other seed companies incidental to the formation of the Associated 
Seed Growers, Inc. 

D. G. Burlingame, of Genesee County, N. Y., introduced Bountiful 
in 1898. Other early plant breeders were A. N. Jones, of Le Roy, 
N. Y ; W. H. Grenoll, of Pierrepont Manor, N. Y. ; and John Kramer, 
of Doylestown, Pa. 

At the present time the most popular flat-podded, early green snap 
bean for shipping is Bountiful There is some competition among 
early round po<fc, but Black Valentine (Henderson, 1897), New 
Stringless Green Pod (Associated Seed Growers, Inc., 1930, from 
Tendergreen, Henderson, 1922), Full Measure (Henderson, 1906), 
Burpee Stringless Green Pod, and Giant Stringless are the most 
popular. Rea Valentine, a very old bean of uncertain origin, is still 
used to a small extent. In some sections Stringless Green Refug^ 
(Keeney, 1908) and 1000:1 Refugee (a very old variety) are still 
used for late shipping beans. The former is also the most important 
late canning bean where a high quality pack is desired 

Among the wax beans, Hwson Wax (Harvey Seed Co., 1902) is 
the most popular late slupper. Webber Wax (1913), Sure Crop Wax 
(Keeney, 1911), and Davis White Wax (Davis, 1895) are popular 
early flat waxes for shipping Brittle Wax (or Roimd Pod Kidney 
Wax), Improved Kidney Wax (Keeney, 1906), and Pencil Pod Wax 
(Keeney, 1900) are the most important of the wax beans for canning 

Disease as a Factor in Bean Culture 

The rav^es of diseases early made it necessary for plant breeders 
to do additional work on the varieties introduced by Keeney and 
others after 1890. The three most important bean diseases in tbds 
country are caused by oiganisms that invade the seed tissues, remain 
dormant in them, start new outbreaks on the seedling plants, and cause 
losses later. These diseases are anthracnose, bacterial blight, and 
mosaic. 

Anthracnose of beans results principally in dark, sunken spots 
on the pods, which make such beans unmarketable. In the case of 
dry shell beans the seed may be discolored. Anthracnose can be 
eliminated from any stock of seed beans by growing the stock in any 
of the seed-bean-producing areas west of the Misrissippi River, since 
conditions in such areas are unfavorable for anthracnose development. 

Bacterial blights cause water-soaked spots that later throw off a 
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gray or yellow exudate depending on the blight involved BactenaJ 
blights can be eliminated by CTowmg m dry-land seed-bean areas, or 
in certam irrigated distncts m Idaho and Cahfomia 
Mosaic causes a green pattern m the leaf, and m severe cases the 
leaves may be distorted and the pods reduced in si/e Mosaic spreads 
rapidly from one plant to another, and the symptoms often are not 
apparent There is no place known where it is possible to elmunate 
mosaic from bean seeds by growmg m a special environment 
In some eases organisms m the soil (frequently Fusanum martii 
phaseoh Burk ) cause severe mjunes to the roots, which may reduce 
the stand or result m premature npenmg, but such diseases are not 
seed-borne 

The relationshm of seed-borne diseases to breedmg work with 
\ anous types of beans can perhaps best be explamed by examples 
Previous to the movmg of the seed-bean industry to the West, anthrac- 
nose was the most serious bean disease At the present tune anthrac- 
nose 18 seldom seen m market-garden or cannmg varieties of beans 
unless the seed has been saved from an oastem^rown crop On the 
other hand, anthracnose is qmte common m field beans grown m the 
East, smee most of the seed must necessarily be homegrown New 
York grows large acieages of both snap and dry-shell beans, of which 
tlie latter are troubled yearly by anthracnose and the former only to a 
mmor extent New York State has had a v igorous breedmg program m 
effect and has ongmated several strams resistant to v anous strains of 
Colletotnchum hrwUmvihianum (Sacc and Magn ) Bnosi and Cav , 
the oiganism that causes anthracnose There has been no major pro- 
gram py any division of the Federal or State mstitutions to bn ed 
snap bean vaneties resistant to anthiacnose Resistance to lootr 
rottmg organisms has been studied, but not much has boon done 
to br(^ for resistance igainst thtm 

The Newer Bean Variehes 


Productions by Pmate Breeders 

In some cases improv ed strams not possessuig any disease resistance 
have been mtroducecl Burpee Stimgless Guen Pod has been largely 
leplaced by Landreth Strm^ess (about 1927), but the older name has 
been retamed The latter undoubtedly was of higher quahty, but m 
some sections home gonieners object that the seed of the new strum does 
not develop quicUy enough On the other hand, quick seed develop- 
ment 18 a charactenstie that shippers and most city consumers object to 
Giant Stnngless, Full Measure, and Burpee Strmgless have l^en 
losmg populanty m competition with New Stnngless Gre<>n Pod 
(Tendeigreen) This new vanety is more resistant to bactenal blights 
than the other three vaneties and yields quite well under a diveraty 
of conditions It is said to come from an accidental cross of Stnngless 
Green Refugee with 1^11 Measure It was mtroduced by Henderson m 
1922 as Tendeigreen, but was pure-lmed, renamed, and mtroduced by 
the Associated Seed Growers, Inc , m 1930 . * 

A^w Black Valentme Stnngless was an mtroduction by the Asso- 
ciated Seed Growers, Inc , m 1930 It is said to come from a cross 
of Black Valentme with Pencil Pod Black Wax It is mteresting to 
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note iH thifl connection, however, that some observers have found 
white and vane^ted se^s segre^tmg from this variety This bean 
IS hardy and of veiy good quality — m contrast to the poor quahty 
of Black Valentme — and is replacing the old Black Valentme rapidly 
m many shippmg sections 

Stnngless Green Refugee is veiy resistant to bacterial blights but 
extremely susceptible to common bean mosaic and to many other 
viruses mfectmg beans as described by Zaumeyer and Wade (J96) 
and Pierce (jSl) In some sections severe economic losses from 
common bean mosaic on this variety have occurred 

In spite of the specialived machmery developed for canning beans, 
snap Man varieties have remamed essentially general-purpose vari- 
eties However, m a few cases canning has tended to mtensify the 
importance of certam vaneties Strm^ess Green Refugee has set a 
standard that canners have sought m an early variety Stnngless 
Green Refugee is a late, light-green-podded bean, stnngless, essentially 
free from fiber m the side walls, fine-textured, and with sm^, straight, 
nearly round pods It has been used mainly for packing whole, out 
any oversized pods are excellent for packing as cut beans iMme 
canners are not mterested m the whole pack and can use a vanety 
that will produce a laige yield of beans of onlv moderate quality 
In some sections Full Measure is the favonte It is early, dark-green 
podded, stnngless, essentially free from fiber in the side walls, medium 
to coarse m texture, with large pods Where essentially the same 
quahties are desired but with lighter pods. Giant Stnngless Green 
Pod is used Flat beans are seldom canned In the wax types a 
white-seeded early wax with the quahty of Refugee Green is desired 
The nearest approach is Bnttle Wax, but canners object to the large 
eye, which can sometimes be seen m the processed beans 

Bean Breeding by Public Agencies 

The United States Department of Agnculture began breeding work 
m 1922 to produce a Refugee type of beau resistant or tolerant * to 
mosaic This work w os started by Wdbur Brotherton in cooperation 
with the Wisconsin Agncultural EiqMnment Station and was later 
earned on by G H Rieman, W J Zaumeyer, and the wnter The 
first mtroduction was U S No 1 (1933) an early mosaic tolerant 
stram mtermediate in type between Refugee and hull Measure It 
has been favorably received m hmited areas only and will probably 
remam of minor importance The second Refugee type mtroduced 
by the Department came in 1935 and is designated U S No 6 All 
reports on this bean have been very favorable It is highly resistant 
to common bean mosaic and tolerant to bacterial blight, and the pods 
are not distinguishable from Refugee except that those of U S No 5 
ore free from purple splashing caused oy anthocyamn pigment U S 
No 1 IS from the tenth generation of a cross of Refugee X Wells Red 
Kidney, and U S No 6 is from a cross of U S No 1 with a mosaic 
resistant Refugee rogue Previous to the mtroduction of U 8 No 1 
and U S No 6, Rieman, m cooperation with the Wisconsm station 

■ In this dlMUnion t) • word tolotant h ued to doaorlbo a variety that autlen no appreo able reduction 
In yield as a reeult Of infection althongh other dleeaeeeymitonu may be clearly shown Resistant leten 
to varistlat tbkt are apparently unallected by the disease n any way 



PEAS AND BEANS 265 

had made fairly extensive tests of No 536 Cannmg Wax which did 
not prove to be commercially successful but whiA has’smce been 
used m breeding work for mosaic resistance and for quahty of pods 
The Wisconsm station began breeding work with Befti^e X 
Corbett Refugee (a rogue type), from whi^ came Wisconsin Refugee 
and Idaho Refugee, both mtroduced m 1934 Wisconsm Refugee is 
about the same m season as Stnngless Green Refugee It is mosaic- 
rosistant, but the type is not so well fixed as Idaho Refugee Idaho 
Refugee is about a week earher than Stnngless Green Refiigee It is 
resistant to common bean mosaic and is being favorably received by 
the canniM trade The pods carry a slightly heavier purple splashing 
m both Wisconsin Refugee and Idaho Refugee than in the parent 
vaneties, although there is a possibility of eliminating this by further 
selection W H Pierce and J C Walker mtroduced these two 
strains 

The first bean to be bred especially for mosaic resistance was Ro 
bust It IS a stram of Michigan Pea bean (dry shell) and was intro 
duced by F A Spragg, of the Michigan Agricultural Experiment 
Station about 1913 from field selections 
W H Pierce and C W Hungerford, of the Idaho station mtro- 
duted Idaho No 1 Mosaic Resistant Great Northern about 1930 
It IS a very hardy dry-shell bean obtamed by selection from hetero- 
geneous strains of Great Northern 
Further work on resistance to mosaic in snap beans is being earned 
on at the Michigan station by C II Mahoney and at the New York 
stations at Geneva and Ithaca 

One of the most interesting developments m connection with can- 
nmg strmg beans is the sudden po^anty of a stram of White 
CreasebacK known m some places as Blue Lake This is somewhat 
different from the ordmary strams of White Creaseback grown in 
home gardens The pods are very long, dark green in color, and 
round m cross section at a very early stage Nearly all beans canned 
from this variety are put up m whole lengths m asparagus ’ stylo 
The populanty of this excellent dark bean may mean the begmnmg 
of a new era m American bean breedmg, smee the proponents of light- 
podded Refugee types can no longer consistently claim that high 
quality m a ciarmmg bean is associated only with light green pods 
Bean rust is another problem that has required attention during 
the last few years Kentucky Wonder and most strams of white 
seeded Kentucky Wonder are susceptible to strams of rust In 1934 
L L Harter, of the Bureau of Plant Industry, Umtod States Depart- 
ment of Agriculture, mtroduced U S No 3 and U S No 4 strams of 
white-seeded, rust-resistant Kentucky Wonder These were pure 
Ime selections from heterogeneous strams from Europe known as 
World Wonder and Phenomenon, respectively U S No 3 has been 
veiy favorably received It is a veiy early pole bean, coming m 
bloom only a lew days later than Full Measure The pods are large, 
round, stnngless at aU stages, and of high quahty U S No 4 is 
somewhat later than U S No 3, and the pods are very long, flak 
and stnngless m early market stages They represent an mprovM 
stram of what would ordmanly be considered white-seeded Kentucky 
Wonder Further breedmg work is under way mvolvmg crosses of 
138904°^7 18 
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brown-seeded Kentucky Wonder with U. S No. 3 and U. S. No. 4 
and for resistance to other strains of wsts. 

In connection with the bean-breeding proCTam of the Department 
several green and wax canning, market-garden, and wle strains re- 
sistant to various diseases are now in the course of development. 
These are being bred and tested for the most part at Greeley, Colo., 
Charleston, S. C , and Beltsville, Md. Those now engaged in this 
work are W J. 2iaum^er, L L Harter, and W. D. Moore m pathology, 
and the writer and C. F. Poole in genetics For the last few years 
S A. Wingard, of the Virginia Amcultural Experiment Station, has 
been developing strains of the Kentucky Wonder type suitable for 
growing in tnat State and resistant to rust. He has succeeded in es- 
tablishing very satisfactory late stiains that aie not early enough for 
growing seasons in northern or noith-central legions 

List of VaHIKTAI. iNTHOUUfTIONS 

Table 1 shows in a condensed form some of the outstandmg bean 
varietal introductions of the last 20 years oi so. 

I'^ulp 1 — Bean vanelul intrvduttians 


S| M ml oharHOtprisOc s 


Hobust Dry shfll (| 
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No 'h 
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New stringlow tiroen Pod 
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stringles<i \ alentine 
f 111! Vfeasure 


Burpee btnnf.lw>s 
Ked V alentine 




llikta ^^ality 

whole length y 
Slnnglese 
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blyht. 

Kenned pud 


Wade and /auineyer 
I I S Department 
1 ot agriculture 1933 
I W ide and Zaumeyer 
I I s Department 
ol Vgrirulture llPi 
Pierce and W alker 
I mtersity of Idaho 

Walker and Pierre 
I niterai^^ of Wis 

f orhett Sioua City 
Iowa 1931 

Rieman, 1928, 1 b 
Department of \gn 
lulture and 1 niver 
uty ol W uconsin 
Clear lake Canneries 
(’), about 1930 

Associated Seed Grow 
era 1930 
Henderson 1922 

Associated Seed Grow 
I andreth about 1927 
Landreth 1430 


The development of new disease-resistont varieties of beans has 
done much to stimulate pure-hne work among the seed companies, 
and many have greatly improved the standaris of their basic seed 
stocks and of the stocjte they dehver to canners and to market and 
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home gardeners "^e complex nature of present-dav breedmg work 
makOT It necessary for se«l companies to emplo^ plnnt breeders viitb 
an adequate knowledge of genetics and plant patbologv 

I IMA BEAINS 

Although the botanical differences betwitn linm beans {Phavolm 
lunatus L •) and common beans {P inlgans) aio not gieat, it has so fai 
not been possible to cross the two wecies The most conspicuous 
difference is in the flowei bracts They aie small, mconspicuous 
lanceolate, and pomted m P lunatus and laige, conspicuous, and ovm 
in P vulgarw 

Luna beans cannot be grown as fai north as common beans In the 
South or in the Tropics if a set of blossoms is diopped because of 
drought or yery hot weather, the long growing siason still may give 
plenty of time tor beans to be set latei w hei e the seasons ai e shoi ter 
failure of the crop may result from the loss of the fust blossoms In 
Cahfonua the long glow mg season makes it unnecessary foi the fust 
blossoms to develop mto pods 

Lunas became populat in the United States aftci 1824, when seed of 
the large tjqie — as contiasted with the small steded civet or sie^a 
type — was brought fiom Lama, Peiu by Cant John Hams, of the 
Umted States Na\y It was found that the lima did especially well 
on the dry lands of southein Califoima Ihe two luuas now most 
extensively grown aic both dwait xaiietics, Ilendeison Bush and 
bordhook Henderson Bush was found along a roadside in \ irginia 
by a Negro laboret about 1885 lie sold it to T \\ ood & Sons, of 
Richmond, who latei sold the stock to Peter Hendeison It is a small 
erei t bush type with veiy small, flat seeds It can usually bo counted 
on to produce a ciop exen undei adveise comhtions Bood Piolific 
Bush, a later selection from Hendeison Bush, is a slightly huger plant 
I S No 2 lima (1933) is a selection fiom Hendeison Bush developed 
especially for unifoim matin ity of the poils on tlie mihvidual vme 
It IS not distmct enough to constitute a xaiicty, but under some con 
ditions it may be fioiu a few days to 2 weeks eailiei than most stiams 
of Henderson Bush Hendeison Bush and idated types aie giown to 
some extent m home gaidens but aie moie gencialU used for commei- 
c lal cannmg 

Canners have wished to combme the haidiness and yield of Hendei 
son with the quality of Foidliook In 1934 the McCua Seed Co m 
tioduced the McCiea lima, which is gieen-seeded when matuie, of 
high quahty, but late and not an especially good yieldei m eastern 
canning districts The giecn seed chaiactei is not appaient in cither 
Henderson or Fordhook, so it is piobablc that the paientage is some 

laigc, green-seeded ■variety ciossed with Hendeison 

Fordhook, a laige-seeaed dwarf plant, was discovered m a field 
of Challenger pole Imas by Hemy Fish, of Santa Barbara, Cahf , in 
1903 Burpee introduced it m 1907 It is now the favorite market- 
garden variety A small quantity is canned, but its popularity for 
canmng has not been great because of its sensitiveness to adverse 
weather conditions 
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Dunne the last several years the CaUfomia Agncultural Evpenment 
Station has introduced strains of a very hardy, high-yieldmg, small- 
seeded Inna hnown as Hopi, selected by Mackie from Iimas grown by 
the ITopi Indians Most of the Hopi and Henderson Bush grown 
in Califorma are used as dry, edible beans 

A very noteworthy fact about lima bean breedmg is that prac- 
tically all vanetics have arisen ly selection and very few from con- 
trolled breeding work Roy Alagruder, of the Bureau of Plant 
Industry, is at the present tune carrying on considerable bieodmg 
and genetic work mvolvmg seed-coat colors, seed si/es, and the 
breeding of vanous types for cannmg 
In the southern Unit^ States pole limas with either colored or white 
seeds are grown extensively m home gardens and to some extent for 
marketmg under the name of butter beans These are very hardy 
varieties and probably offer worth-while breedmg material for crossmg 
with nonhardy, high-quality varieties such as Fordhook 

GEN h TICS OF PPAS AND BEANS ' 

Peas 

The many stable fonus of Pitum sativum eaily attracted the attention 
of those interested in theoretical scientific work as well as the atten- 
tion of many breeders It was with garden peas that Gregor Mendel 
m 1856 began his histone experiment, which laid the foundation for 
genetic science His findmgs were made pubhc m 1865 but attracted 
no attention until they were rediscovered by Correns, De Vnes, and 
Tschermak mdcpendently m 1900 
Mendel worked with seven different factors Yellow v green 
cotyledons, smooth v wrmkled seed coats, nonnal i> fasciatcd stems, 
tall V dwarf growth habit, green v yellow pods, parchmented v 
nonparchmented pods, and the pleitropic factor for colored v colorless 
seed coats, colored v colorless leaf axils, and purple v white flowers 
A pleitropic factor is one that affects manj different characters 
In spite of Mendel's success with the plant, peas have not proved 
to be ideal for genetic studies, and conseouently most of the funda- 
mental contnbutions smee his tune have oeen with organisms other 
than peas There are probably several reasons for this (1) Many 
single-factor differences frequently show wide divei^ences from a 
3 1 ratio (2) Linkage values may vaiy sharply from one cross to 
another (3) Different classification of phenotypes gives rise to 
reports of more than 50 percent crossmg over (4) The number of 
mdependent factors and groups of factors appears to oxce^ the 
number of chromosomes (6) reas have proved to be rather difficult 
material for cytological studies 

Wellensiek (86) Drought the available data up to date and has 
worked unceasingly to eliminate conflicts in designations of vanous 
factors Matsuura (39) also reviewed and tabulated the hterature 
dealing with Pisum genetics The foUowmg lists of factors are taken 
largely from Wellensiek, with a few modifications by De Haan (11) 
and Winge (93) The number of genes listed is 68, but the known 
number may be m excess of this In some cases it has been difficult 

’ Tbia aectkn i< wntten primarily for stadenti or otben pn femonally mterettad In biwdinc or ganettoi 
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to deade whether s^e ratios are the result of pleitropic effects of a 
single gene or the effect of several genes completely linked Wmge 
gives a table showing certain gene designations made by himself and 
10 other authors, mcludmg De Winton {9S), Wellensiek (86 87 88 
89, 90), Rasmusson (55, 57, 58), White (91), Laimirecht (SO), Pellew 
and Sverdrup (45), Sverdrup (70), Nilsson (45), Knianus (21, 22), H 
and O Tedin (72, 73), and t)e Him (11) ^ ^ 

Pisum Factors 


A Basic gene for anthocyanin color of the flower It also influences indenting 
of seeds, seed-coat color, marbling of seed coat (i \copt ghost marbling) , leaf 
axil color, violet and red pod colors 
Au crypto purple, At, purple dotted flowers, a, white 
Ar Gene for reddening, salmon-pink flowrers 
Ap Apple blossom 
Am Finkish-wrhite flowers 
B Gene for bluing 

Bl, basic gene for wax or bloom, W, waxltss (emerald) 

Bta, blunt apex, bia, acute apc\ IBoth nectssives must lie presrnt m hmiiozigous 
Bib, blunt apex, bib, acute ape\ / condition to produce acute 
Cp, curved pod. ep, straight 

Cr Changes crimson to purple in presence of A (lulotos ( ) ) 

Cv Intensifies anthocyanin color in presence of A and B (Fedotoi (7) ) 

Cm Cream flowers (Fedotov (7) ) 

Fm ', Fm *, normal, «tn', em\ emergences if both art pn.(>eiit 
Fp,'} Thickness of seed coat (Kaxnowski (<?5) ) 

flic, D, d Leaf axil ring doubly single, absent (Icdin and ledm (7J) ) 

F Puiple dotting of seed coat I ( Wellcnsick ) 

F, Purple dotting of seed coat II (Wmge ) 

Fe, normal pods, fertile, fe, split pods, sterile as feinali (Surdrup (70 ) ) 

Fa, normal stem, /a, fasciated stem 

Fu, resistant to tusanum w ilt, /«, susceptible 

FI, gray spotting on leaies, fi, grten leaiei 

Fn, one or two flowers per pMuncle,/n, three or more llowors [itr jiwlunclt 
<T, green cotyledon, g, veUow cotyledon (Nilsson (<■')) 

Gp, green pod, gp, canarv \ellow pod 
If With ii gives orange seed coat 

I Inhibits action of G, giving dommant vellow cot\ ltdons 
If intermediate flowenng, tf, earlv flowering 
/ In presence of A, causes dark-brown seed coal 
K normal wmgs, k, keeled wings 

hi Inhibits coupling between A and Op (Hammirlund (/9) ) 

L LuLt Genes for wrinkling or dimpling of seed 
he, Le,, le Long, very long and short internodcs 
La Growth-inhibiting factor (DeHaan(l/)) 
lib Growth-inhibiting factor 
Lf Growth-inhibiting factor 
Ld Growth-inhibiting factor 

(Le dominates if La or Lb la present but not if the two recessives la lb 
are present Kither Lc la lb or le la fft is slendir 46 15 4 segregation 
of tall, short, slender in F, ) 


If Retards flowering lime caused In If, ineffective jn it>^'i 
lo Loi, Lot, L^ (Jones for seed length (Karnowski (2f) ) 

M with Z gives “ghost marbling of testa, with both A and Z, liniwn marbling 
M, to Mt Genes for siisccptibilitv to mildew (Hammarlund (13) ) 

Mp Rusty radicula (Team and Tedin (75) ) 

Af, thin pod wall, n, thick pod wall 

Nr, normal, nr, narrow rogues (Pellew (4^1 ) 

0 or, oy Green, lemon, gold pods, stems, and foli^ u, u, , „ 

Oh inhibits the expression of red, converts red to bnghl-brow n seed coat 
P Thin parchmented membrane in pod, p, no membrane 
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p 1 ^rple pod dominanti necessar\ to make pod purple 


Po green pods, pa, pale pods 
P«, normal pods, pe pearl pods 
PI, dark hilum, nt, light hilum 
Pt Quick growth of pollen tube 
Q, a^rted seed , g normal seed 


R, round seed, r wnnkled seed surface 


(Welleusiek and Kev scr ( W) ) 


(P js hvpostatic to /I » IS cpistalit to 1 In conj inition with genes Lj 
and Lt of Hadfield and Caldci (IS) the ftllowing forms ma\ be distiii 
guished Smooth l,ltltltRR dimpled, //i / / / PP, niinklcil L L L, 
Lj rr wnnkled hh I iLt rr) 


Re normal leaves, re reduced leaves 

S seeds free in poid « seeds clinging together (chenille 1 1 brjfhette) 

Sai Srti S<7j Genes for number of btomata (lascar ( /) ) 

Siffi to Sffi Genes for seed weight 

Sni intermediate value for node number «ni low value 

9nt increases the value for node number caused hv S«| ineffective alone 

S/ normal stipules sf reduced stipules 

T, Pi, Ti Genes for internode number 

TV leaves dentate, fd leaves not dentaU 
71 teutril leaves <1 acacia (no tendrilh) 

U violet seed coat 

f/nt Normal leaf, tin* iinifoliatc 

V Strong membrane in pod « thii nuiiibiane 
Wbi Strengthening gene for wax 

Wbi Strengthening gone for wax 
Wt, green foliage, «> white variegated 
X Stipule sire (Brotherton (/) ) 

Y Stipule siac 

Z, colored seed coat z uiicolorcd seed coat 
As there are many factors mfluencing flowei coloi, it is perhaps 
best to illustrate the genetic constitution of some of the many colors 
that occur These are given from De Haan (11) 



Light purple 
Apple blobhoni 
Apple rose 
Apple violet 
Pinkish white 
White 


A 1 Ir ir li B ip ip im im 
A i ar ar I) B ip Ip Im Am 
iA Ir Ir 5 6 ip Ap Am Am 
A A ar ar h h Ap Ap Am Am 
A A Ar Ar B B ap ap Am Am 
A A Ar ir h h ap ap Am Am 
A A ar ar B B ap ap Am Am 
A A Ar Ar B B Ap Ap am am 
aa Ar Ar B B Ap Ap Am Am 


A cross of violet bv apple rose results m a purple Fi with a tiihybnd 
ratio m Fa of 27 pin pie 9 violet 9 apple Dlossom 9 rose 3 apple 
violet 3 apple rose 3 light purple 1 expected to have sn appearance 
between apple rose and light purple According to the above scheme, 
all those navmg aa are white regardless of the rest of the genetic 
constitution A certain white* X apple blossom results m an Fa s^re- 
ration of 9 purple 3 apple blossom 4 white According to the 
designations of Fedotov (7^, Cm can produce a cream flower and it 
IS mdependent of the action of A 

In addition to flower color, the genes that have been listed have an 
mfluence on color of the leaf axil Purple and apple-rose flowers are 
associated with purple axils, pmhish white, with dull-rose axils, violet 
and apple violet, with violet, rose and apple rose, with rose, and light 
purple, with hght purple Dw produces a two-nng effect in the 
axils, D a single nng, and d no rmg 


> Only the white of the oonzbtutlonoa^lr^e&lp^Mm^’w will five tbaiatiodted when croesed with 
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There is^neiderable variation m the amount of waxmess or bloom 
on peas Waxmess is caus^ » g<‘ne for ax Bl, and is intensified 
by the presence of either W \ or W*i or both 
Two genes (6<a and bQ must be present in the homozygous condi- 
tion for a pod to have an acute apex Crosses between strains with 
blunt pods and those with sharp result in the F, either m a ratio of 15 
blunt 1 acute or of 3 1, depending on how many of the genes for 
bluntness were present in the blunt parent There is at least one 
other factor mfluencing pod-apex shape 
The gene/« is responsible for a rather peculiar condition in which 
the developing pods split along the dorsal suture, resulting in the 
death of the developing seeds 

The fasciated or flattened stem condition is due to a lecessive gene, 
fa This flattened condition results m a termmnl inflouscence that 
superficially lesembles an umbel Some flovei stalks may pioduce 
from three to seven flowers, while others produce only one or two on 
the same plant 

Tallness and shortness in pea plants have long been of muth 
mterest, and it has been discovered that many factois aic conccincil 


with stem length In some cases simple 3 1 ratios of tall to shoit 
aie ohtamed in the h 2 generations from crosses of tall with shoit 
In one such cioss, houevei. Do Ilaan (//) obtained an F.> seg- 
regation of 45 tall 15 short 4 slendei Two iccessive genes 
must be present to pioduce a slendei plant Gene Le is ipistatic to 
la 01 Lb but hypostatic to la or lb Genes le and Itl lesult in a slightl> 
larger short plant designated ‘ short 2 One of the factois foi slendei 
18 identical with Ic or Id, but it has not yet been detei mined whidi 
The edible-podded londition (no membrane) is detei mined bv the 
recessive gene p in the homozygous condition The fai toi I results 
m a very strong membrane Mvhen acting in conjunction with P 

Pf IS a theoretical gene foi quick giowth of tlie pollin tube Its 
presence has never been deternuned by actual ratios 
Round seeds aie donunant to wimkled, and segregation is bv 


individual seeds Several genes influence tlie condition known ns 
mdentmg or dimphng, and segiegation is by plant A tliicc faitoi 
explanation has recently been given (12) of the conditions designated 
smooth, dimpled, and wimkled, respectively 
Seed weight is influenced by seveial factois, the exact number of 
which has never been detei mined Violet flower is sometimes asso- 


ciated with abnormal hilum, which results m low seed weiglits on 
plants havmg violet flowers Many other factois also piobnblv 
influence seed weights 

The Gradus rogue (labbit eai) charactei (f) is a rather umiiut 
condition m which \ery rapid mutation of the recessive gene / loi 
normal Gradus type to the dominant X (rogue) occurs when these 
genes are associated togethei m a cross While other factors in\ olved 
in a cross may be segr^atmg as expected, no plants of normal type 
may be recovered m Fj or subsequent generations 

^d-coat colors are also affected by the gene A for anthocyamn 
Factors Ar and B have an effect on seed-coat color parallel with their 
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effects on flowei color, but Am and Ap have no effect on seed coat 
The effects of FI, M, F, Oh, Z, and Mp on flower color are known 

Disease Resistance 

Hammarlund (IS) reported that immunity of pens to powdery mil- 
dew was due to the presence of four genes, Mj, Ma, Ms, and M 4 The 
varieties commonly grown in the Umted States are all susceptible to 
powdery mddew, hut artificial control methods have been effective m 
preventmg damage by this organism Neither genetic nor breedmg 
investigations of powdery mdoew resistance have been undertaken m 
this coimtry 

Wade (8S) reported that resistance to fusanum wilt of peas was due 
to a single dommant gene, Fu This was shghtly linked with Ze 
Extensive breeding work has been earned out by many workers, and 



figure 1 — Linkage groups in Pi*um (After Winge ) 


at the present tune all the canmng varieties are available m wilt- 
resistont forms 

Zaumeyer and Wade (96) have shown that different vaneties of peas 
show differential reactions to various types of legume mosaics The 
presence of many diseases, frequently epidemic m nature, mdicates 
that in the future much work will be done m connection with the in- 
hentance and breeding of disease-rcsistant strains of peas 
Vanous reports have shown that many vaneties of peas possess some 
tolerance to the attacks of vanous root-rottmg organisms, but the 
genetic bases of these reactions have not been detemuned 

Linkage and Cytology 

The contnbution of Winge (GS) on Imkage m P%mm has greatly 
clanffed the linkage situation He desenbes eight bnkage groups, 
which are here redrawn (fig 1 ) from his pubhcation 
It IS beheved that further research wdl eventually reduce the number 
of bnkage groups to seven, to correspond with the number of pairs of 
chromosomes known to be present in Pimm salivum 
Ring formation (9) seems to bo the most satisfactory explanation of 
many of the vanable bnkage results obtamed by Rasmussen, Wellen- 
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Biek, Te^ and Tedm, and other workers Although Rasmusson (S6) 
shows the eenetio nature of some Imkage mtensities, the number of 
factors mvolved m the segregation of these mtensities is not known 
Hikansson (10) reports a semistenle condition in association with 
chromosomal exchange Sutton (69) reports an instance of halt 
disjunction m a case mvolvmg four chromosomes 


Beans 


The hterature on bean (Phastolus mdgans) genetics and breeding is 
very extensive Kooiman (£4) presents a very thorough review of the 
subject and does much to clanfy conflicts m temunology Doomkaat- 
Eoolman (4) had previously reviewed the hterature, especially that 
deahng with disease resistance Matsuura (39) also presents a sum- 
maiy Much of the material in this paper is drawn from reviews by 
these authors, with stress on hterature published smee 1929 
Inheritance m beans has been investigated for a long tune, but 
there are still many divergent results that need further studies for 
adequate mterpretation This is especially true with regard to flower 
colors and their relationship to seed and pod colors 
Shaw (66) and Shaw and Norton (67) present extensive observa- 
tions on flower colors, which indicate that at least two factors must 
mteract for the production of pigment in flowers According to thou 
observations, most vaneties with pigmented seeds, with the exception 
of Red Valentine, have colored flowers However, many other excep- 
tions to the observations of these authors are now known 
Johannsen (19) obtained a dihvbnd ratio in progeny from a cross 
of a white-flowered brown-seeded bean variety with a violet-flowered 
black-seeded one 

Tjebbes and Kooiman (76) explain the results of a spontaneous cross 
of violet X hlac-flowered, m which dark violet, light violet, lilac and 
white flowers appeared in association with rtd and blue pods and 
various seed colors on the basis of three genes B causes red pod strip- 
ing whether or not the ground factor A for seed-coat color is present 
When A is present the flowers are lilac the seed coat is red, due to B 
Bl changes these colors to bluish tints Heterorygous Bl hi results m 
light violet They assumed a total of seven genes for flower color 
Kooiman (£ 4 ) suggested an eight-factor explanation of the various 
seed-coat colors encountered 

Sirks (68) presented a factorial explanation of vanous seed-coat 
colors and summarized the hterature up to that date 
Lamprecht (£5, £6, £7, £8, £9, 31, 3£, 33, 34, 35) has presented a 
very satisfactory explanation of most of the seed-coat colors encoun- 
tered m beans He assumes eight pairs of genes and the following 
mteractions among them 


C with P gives sulphur white, Ce, n 
J Pale ecru in se^ coat also in hilum 
G with PCJR gives mineral brown, with PCJV mve 
gives black, with Co gives caruncle 


I maroon brown, with PCJ B\ 


dull green, when homosygous with dark 

Twith PCJO gives maroon brown, when heterosyi^wthPC/^ gives dark 
dull green, when homozygous with PCJBot PCJBU gives biaca 
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R Red 

Ca Caruncle streak, shows only in presence of G 

PCJ Chamois color 

PCJO Blister (yellowish brown) 

PCJgB Golden bronze yellow 
PCJghV Violet purple 
PCJOB Mineral brown 
PCJQV Maroon brown 

(Chamois PCJ, in the presence G and B gives mineral brown, O and 
V give maroon brown, B and V both heterozi gous, produce dark dull 
^een ^while B and V, either homorvgous or in the presence of 0, produce 

PCJEbVv Dark dull green 
PUBVQ Black 

Micropyle streak is rccessnc and will not show in the presence of 
either or Doth inhibiting factors M% and Mm furthermore, J is nec- 
essary for its expression even when the mhibitors are absent 

Later, Lamprecht (SS) has shown that factors J and B are inhented 
mdependently, and that in addition to the Cc inionstant marbling 
there is also Br mconstant marbling 

Schreiber (64, 65) explains his lesults on a somewhat different 
basis Genes Mi and Mj must both bo present to produce a constant 
marblmg effect J5 is a factor for light brown, C is an mtensifier 
D 18 for dark CTecn, effective only m the piesento of the basic color 
factor A or P L inhibits partial spotting caused by Shaw and 
Norton’s “T” Miyake, Imai, and Tabucni (41) found all seed- 
coat colors hypostatic to black 

Tschormak (78) suggested two genes for eje pattern 

(1) tit\ZiZx Seeds having half or more of the testa pigmented with sharp limits 

(2) titiZiti Seeds having half or less pigmented w ithoiit sharp limits 

(3) tititxZt Figment confined to a small hilnm spot 

Sax (60) foimd in his crosses of two types of Yellow Lye beans that 
the heterozygous condition resulteil in a pigmented area exceeding 
twice that of the parents Only a smgle gene was involved 

Currence (5) found two distmct types of bean pod stnngmess, one 
due to two dommant complementaiy genes, the other to an intom- 
pletely dommant gene for strmglessness with an inhibiting factor 
Joosten (SO) distin^shed 10 classes of stnngmess Prakken (53) 
found 15 stnnglcss to 1 stnngy m an Fj generation 

T8chermak(7S)obseivcd3 land 13 3 ratios in F, f or noncoiistncted 
versus constneted pod Lamprecht (26) mterpreted his results on the 
basis of four factors 

Emerson (5), Lock (30), Doomkaat-Koolman (4), and Tschermak 
(79) found green pods dommant over yellow (wax) with a 3 1 ratio m 
Fj Currence (3) found two factors to determme the difference between 
these characteis 

Tschermak (79) found a single factor difference between round 
versus flat, with round dommant Wdycicki (94) and Currence (3) 
found several factors involved 

Miyake, Imai, and Tabuchi (41) have studied the inheritance of 
color of stem Two types of green crossed together gave a red F,, 
followed by a segregation of 9 red 7 green m 1* Pmk x green gave 
9 red 3 pmk 4 green 
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Emer^n 6) shows that there are three factors involved in bean 
height (1) Determinate versus indeterminate growth, (2) number of 
intemodes (m pole beans this depends lai^elj on environmental con 
ditions), (3) mtemode length 

Norton (45) mterprets his results by means of three factors BO\ern 
mg height 

A a Indeterminate v determinate 
L-l TaU» short 
T-t Twinmg v nontivining 
ALT Pole beans 

ALt Runner beans, iiontwining pole 

Alt Shoots from mam axis short some few esrl\ twinmg shoots 
aLT and al t Spreading forms with long branchis 
alT and aU Erect, bush 

Three-to-one s^egations of tall to short haie been obser\ed b\ 
McRostie (57), Tiebbes and Kooiman (76), and Doomkaat Kool 
man (4) 

Table 2 gives some bean characters not considered nbo\ i 



Several strains arc known of the organism CoUftotTiihvm lindemuthi 
anum, causing beau anthracnose Burkholder (2) and McRostie 
(37, 38) have studied the inheritance of resistance Wheie one strain 
of fungus was concerned, a ratio of 3 resistant to 1 susceptible was 
ob tamed, two strams resulted in a 9 7 ratio Further work is being 
done on this problem at Cornell University and m the United States 
Dimartment of A^culture 

^hreiber (84) mdicates that there are three independent factors foi 
resistance corresponding to three anthracnose strains 
McRostie (55) m crosses mvolving Robust Pea bean X Flat 
Marrow observed the Fi showmg a partial dominance of susceptibility 
Fj mdicated at least a two-factor difference Pierce (52) and Parker 
(47) have studied the mhentance of resistance to cominon bean 
mosaic, usmg different bean varieties Parker concludeii that since 
reciprocal crosses gave different results, at least part of the material 
for resistance was earned m the plant outside the chromosomes 
Pierce did not attempt to show a genetic interpretation 

It is mteresting to note m connection with the maternal mhentance 
suggested above that Hoffman (16) found that modifications persisted 
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for SI-? generations after he had treated navy beans with chloral 
hvdrate These modifications were transmitted only by the cyto- 
plasm of the egg cells and not through the ohromatm It is also of 
mterest to note that Parker (46) has found an undoubted case of 
maternal inheritance of leaf vanegation 

Zaumeyer and Wade (95) and Pieice (51) have mdicated that more 
than one stram of bean mosaic or of legume vuuses transmissable to 
beans are m existence and that bean vaiieties diffei m their reactions 
to them Genetic studies of varieties resistant to the viruses are 
now in progress m the Department 

Rands and Biotherton (54) tested the icsistanre of many vaneties 
and stiams of American and foreign beans to several diseases, mcludmg 
at least three strains of the anthracnoso organism, bacterial blight, bac 
tenal wilt, and mosaic, and found differential reactions m some cases 
Fromme and Wmgard (8) made a report on lesistance and sus- 
ceptibihty of various bean vaneties to lust There is much mateiial 
available for genetic and breeding studies m connection with this 
disease 

McRostie (38) made some obseivations on the inheritance of le- 
sistance to diy root rot of beans, caused by tiisanuni martti pkatedi, 
but he did not attempt to give a factonal explanation of his results 

Crossing 7 echnique and Interspecific HybndiMwn 
Beans are somewhat difficult to cross, smee the curled and bnttle 
style of the flower is easily broken dunng the piocess of openmg the 
keel Tf the atmosphere is kept near the satm-ation pomt for a few 
days aftei artifinal pollination has been effected, the chances for suc- 
cess are much better than m only a moderately moist atmosphere 
The tunc required to make ciosses has prevents genetic studies m 
Phaseolus mvolvmg backcrosses 

Many attempts have been made to secure mterspecific hybnds 
withm Phaseolus, mostly without success except for that mvolvmg 
P vulgana and P mvUiflorm In such hybrids there is usually a 
^at deal of stenhty and vanabihty m results, even m the 1, 
Mendel (40), Doomkaat-Koolman (4), fschermak (78), and Tiebbes 
(74) have made studies mvolvmg this mterspecific cross At the 
present tune the Umted States Regional Vegetable Breedmg Labora 
tory, near Chaileston. S C , is tratmg a vaiiety from Mexico that 
arose from the cross oi P vulgan't with P mvUiflorus 

Linkage and Cytology 

Wemstem (83) has shown that Phaseolua wlgans and all other 
species of Phaseol'ua have 11 pairs of chiomosomes 
Tiebbes (75) recognizes two Imkage gioups Linkage m the 
B-A-R-S group is very close, showmg a cioss over value of less than 
1 percent between B and S Sia a, factoi for stnpmg and the other 
th^ factors mfluence the seed-coat color Genes C and 0 are m 
another ^up with a cross-over value of about 35 percent 
^veral factors give pleitropic effects oi the effects are m reahty 
due to more than one factor However, m such cases it usuallv re 
quires extensive work to establish the nature of the gene or the close- 
ness of the linkage mvolved 
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Sax (SO, 61.6£, 63) attempted to analyze quantitati\e characters 
by studying their Imkage relations to qualitative genes He demon- 
strated at least nve cases of linkage 


Luna Beans 


Only a very bimted amount of genetic work has been done with the 
lima bean (Phaseolua lunatua L ) Rhmd (S9) reports genetic studies 
mvolving three factors, which he designates as — 


R Rose color seed coat 
P Intensifies rose to purple seed coat 


S Speckled seed coat 


Roy Magruder, of the Bmeau of Plant Industry, is carrying on 
genetic studies with Phaaeolm lunatua 
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IMPROVEMENT IN THE LEAFY 
CRUCIFEROUS VEGETABLES 


ROY MACRUDER, Olericulluritt, Di> 
vision of Fruit and Vegetable Crops and 
Diseases, Bnieau of Plant Industry 


According to moat botaiiista, cabbocc, cauliflower, broccolij 
green-sprouting broccoli, bnis^Is sprouts, kale, collards, and kohlrabi 
are very closdy related, being horticultural forms of the species 
Brassica oleraeea L Kohlrabi is assigned by some botanists to 
B. caviorapa (DC ) Pasq. Wild cabbage (B. oleraeea), illustrated in 
figure from which all these forms or varieties are supposed to have 
arisen, is still found growing wild along coastal regions of Europe and 
northern Africa, Its use by man ns food antedates written history, 
and it is believed to 
have been in rather 
common use for more 
than 4,000 years. 

Just when or where 
the various forms or va- 
neties of cabbage first 
appeared or were de- 
veloped it is difficult to 
say with any degree of 
certainty because of the 
lack of written records. 

Kale and collards (vor. 
mi ulis L.) are probably 
the oldest type, and 
th^resent wrinUed or 
ruffled type was men- 
tioned byTheophrastus 
in 350 B. C. and described and illustrated by Dodonaeus in 1569. Red 
cabbie or kale was also known to Theophrastus, and Pliny desenbos 
heading cabbage (var. capitaia L.) and includes in his list of types a 
savoyed or blistered-lcaf typo which is thought to bo the ancestor of our 
present savoy cabbages. The name savoy indicates that much of the 
early developmental work occurred in the locality of Savoy in southeast- 
ern France. Cauliflower and broccoli (var. botrytis L.) are believed to 
bo more recent additions to our types and to have been developed from 
the green-sprouting broccoli. Kohlrabi [Brassica, oleraeea var. gongy- 
lodes L., or, if considered a species, B. caulorapa) probably was brought 
north to the low coastal countries of Europe by way of Prague and 
Vienna. The two most important varieties of today are 
Vienna and Purple Vienna. Brussels sprouts (var. gemmjera DC.) 
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were not mentioned by the early writers pnor to 1759 but by 1793 
tins vegetable was an article of mtemational commerce and its origin 
IS generally ascribed to Belgium 

THE PART PLAYED BY SEEDSMEN IN THE 
DEVELOPMENT OE CABBAGE 

Varieties of vegetables as we speak of them todav m our seed cata- 
logs hardly existed before the last of the eighteenth centu^ either in 
the United States or m Europe This date corresponds with the rapid 
rise of seed growing as a business venture m Europe, and no doubt the 
competition between seedsmen for somethmg new to offer their cus 
tomers was then as now, the mcentive that led to the rapid mtro- 
duction of vaneties 

The early named varieties were groups of plants with a few common 
characteristics but many variations The more observant, careful 
and critical growers were always looking for improvements, and when 
plants were found that seemed superior, these were select^ for seed 
propagation By contmued selection of supenor or distmcUve types 
smtabie to the particular locahty in which the grower hved many 
local strams or horticultural vaneties — as distmct from botanical 
vaneties — were developed The local seed seller disposed of any 
surplus the grower might have, and as the mdustiy developed, an 
opportumty was afforded for the general distnbution and trial of 
many vaneties over a wide range of conditions If the vanety per- 
formed well m its new location, it soon attained major importance 
If it was unsmtable m general yet possessed some special ment, it 
probably was the startmg pomt for a new vanety, which was developed 
as the result of continued selection for the especial point of ment 
Thus the early development of all our crops was the work of observant 
and cntical ^wers who through supenor skill in selection and seed 
growmg CTadually became the meal sources of supenor seed The 
early seedsmen were merchants, not growers or breeders of seed 


A SINGLE piece of piMidy supported plant breeding saved the 
cabbagB’ff-omng industry in many sections of the country and 
brou^ an enormmis return on the cost This was die work begun 
in Wisconsin m 1910 by L R Jones, and continued throu^ the 
cooperation of J, C. Walka" and his associates of the United States 
Department of Agnailture, to devdop vaneties resistant to the 
devastating cabbage yellows or fusamm wilt As a result, diere 
are now yellows-resistant vaneties of all the major types of aJtbage 
demanded by die market. Today odier diseases are receiving die 
attentum of breeders, as uxU as the problem of adaptation of van- 
eties to d^inite regions and die development of types supenor in 
eating quahty and in ability to hold up wdl m storage. 




CAB BAG k, ETC 285 

The types or vaneties of cabbace were developed mainly by the 
people of the Netherlands, Denmark, Germany, France, tmdEngland 
When brought to this country by the early settlors, they were not 
always suited to our climate, which generally was hotter and dner 
than the climate of the north European countnes The uncertainty 
of supply and the cost of imTOrted seed forced the isolated grower to 
attempt to produce seed for himself Startmg with imported seed, he 
preceded to select the mdividual plants that best smted his needs 
and grow seed from them If he wanted something earher maturmg, 
later maturmg, with less outer leaves, more rounded head shape, 
smaller size, more heat-resistance, or what not, he selected toward 
that goal and m many mstances was successful 
The enterpnsmg mail-order seed dealer was largely responsible 
for the location and mtroduction to the pubhc of many of those locally 
developed stram-^, sometimes witli the growers' name affixed but 
many tunes with a name selected by the mtroducer The high pnces 
paid for these types stimulated s^ j^wers m their effort to find 
new and superior vaneties or strains Some of the growers soon found 
they could make more money by growmg seed than from the market 
crop and devoted thoir energies to seed production Most of the 
early cabbage-seed growers were located on Long Island, N Y , 
because of the favorable growmg comUtions there 
At the begmnmg of the nmeteonth century most of the cabbage 
grown on Long Island belonged to three types Early York, an early 
maturmg vancty with elhptical heads. Flat Dutch, a large imdseasoii 
vanety with flat heads and Bed Dutch, a late, hard, round-headerl 
vanety The Flat Dutch type was more productive and m greater 
demand on the market than the other two types, and most of the 
Amencan vaneties or strams introduced durmg the nmeteonth century 
were selections from the Flat Dutch type An objective of major 
importance to all growers of cabbage was that every plant should 
produce a marketable head, and this characteristic is emphasized m 
the names of some of such vaneties as All Hoad and Surebead 
Selections were also made for oarher and later maturmg strams of 
the Flat Dutch ^pe m order to extend the marketmg season over a 
longer penod wme of these seleetions for difference m matun^ 
resulted m differences m head shape and size and m a rather wide 
range m typo when compared with the parent vanety The early 
growers were also mterested m securmg cubages resistant to disease, 
and the Houser and Bugner vaneties are the results of the efforts 
of two men along t^s hne As the seed busmess became more highly 
competitive ana the growers more cntical, the matter of attainmg 
uniformity of type became an object of considerable attention and 
effort At the present tune there are available very uniform stocks 
of vaneties that cover the entire range of season of matunty and are 
satisfactoiy m head size and ^ape 
A hat of the cabbage vaneties of known Amencan or^m with the 
year of mtroduction and other information is given m table 1 

It 18 also of mterest to note which of our present-day important 
vaneties are foreign mtroductions In the list of what may be 
regarded as the nme principal Amencan vaneties of cabbage we find 
Early Jersey Wakefield, Copenhagen Market, Early Wmnmgstadt, 
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Glory of Enkhuizen, Late Flat Dutch, and Danibh Ballhoad to be the 
names of orginal importations, although the present strains of the 
first and of the last two varieties show a decided improvement in 
umformity of type, which may be attnbuted in part at least to the 
efforts of Amencan seedsmen Other varieties of lesser importance 
that are known to be im^rtations by Amencan seedsmen are Golden 
Acre, Resistant Detroit, Early York, San Francisco Market Volga or 
Early Stonehead, and almost all of the rod and savoy vaneties 


Tablk 1 — Cabbagfi vanetus of known Amencan origin 


Var «»y na na 

Produoar 


Parental var ety 

Intro lucer 

Year 

intro 

dnced 

AU Head Early 


Seleotlon 

Flat Dntob 

W^ Atlao Burpee 

ISSl 

AH Saaaona (Tha 
Vandeifaw) 

Mr VandarLaw 

I ong laland N 

do 

do 

James J H Greg 

1 ory 

1888 


John Bagner Fial 

Cro^ anl 

1 nknown 

l nknown 

Abo It 
1800 

CharlaatonorLarga 

Wakallald 

John M Brill 
Hempstaa 1 N 

Y Of Ffanola 
Brill Blyarhaad 


Jersey Wakefield 

li W BolglanoA 

I Co 

About 

1888 

Fairy a Hollan ler 

n M Ferry A Co 

do 

Danish Ballhead 

D M Ferry A 

itoo 

Fottlar a Early 
Dru^aad or 
Bnmswlek Short 

John Fottlar Rox 
bnry Maas 

do 

Ftncke^Bratm 

A^Bcblegel 

1888 

hSSS 

Qeorga Honaar 

do 

Stein a Flat 
Dutch 

Holmes Seed Co 

18W 

Kreat King or VIo 
tor Flat Dutch 

Unknown 

Crew and 
aeleotion 

Fottlar s Bruns 
wlok X Short 
Stemmed Dan 
Ish Bound 

Unknown 

Before 

1900 

Nawark Fatly Flat 
Dutoli Early 
Flat Dutoh or 

Father of Francis 
BrUl 

do 

1 

French Ox Heart 
X Large list 
Dutch 

do 

Before 

Saooaarion 

Abraham Van Seo 
Ian Jamsioa N 

Selootloa 

Emly Summer 

letar Heodsison 
ft Co 

1888 

Maaon 

John Mason Mar 
hlehead Mass 

do 1 

Scotch Drumhead 

Unknown 

Before 

Stone Maaon 

John Stone Mar 
blehaad Mass 

do 

Maaon 

do 

Do 

Inaprovad Amari 

Unknown 

do 

Large Savoy 

do 

Before 

Farr^a'^^ound 

Ferry Motae Seed 

do 

Fariy Dwarf 

terry Mona Seed 

1870 

1983. 

Oni a Oregon Ball 

011l'’Bros Seed Co 

do 1 

DanishBamead 

am” Bros Seed 

1918. 

Harris Ballhead 

Joseph Harrs A Co 

do 

do 

Joseph Harris ft 

1932. 

MMaaason Market 

D M Ferry Seed 
Co 

do 1 

Low LstaAmager 

D M Ferry Seed 
Co 

1921 


BREEDING WORK BY PUBLIC AGENCIES 
The severe losses caused m the cabbage-growing sections of Wisconsin 
by cabbage “yellows” or fusanum wilt 1 m Jones (ff),‘ of the Wisconsin 
A^cultural Experiment Station, to start selection work m 1910 
toward the development of yellows-resistant vaneties The work was 
continued through the cooperation of J C Walker, of the Umted 
States Department of Agnculture, and his associates (3, 7, 8, 39, SO, 
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SI, 32, SS) to the point where we now have yellows-resistant varieties 
of all the major types. A ^od example of a yellows-resistant cabbage 
is illustrated in figure 2._ (See the appendix for the list of 10 varieties 
and years of introduction.) This one piece of publicly supported 
plant improvement work has saved the cabbage-growing industry in 
many sections of the country and resulted in an enormous return on 
the cost. 

Workers at the Iowa Agricultural Experiment Station {14) have also 
produced an early yellows-resistant variety of cabbage, lacope^ by 
selection on disease-mfested soil from the Copenhagen Market variety, 



and introduced it in 1922. It has since been very largely replaced by 
earlier and more uniform strains from the Wisconsm work. In 1926 
C. E. Myers, of the Pennsylvania station, released a stram of Ballhead 
called Penn State Ballhead, which was produced by pedigi^ election 
for uniformity and solidity of head and for large yields under Pennsyl- 
vania conditions. The work of J. C, Miller, at the Lom^na station, 
has resulted in the production of a strain called Louisiana Copenhagen, 
which is earlier, slightly smaller, and shorter-cored and hM harder 
heads under Louisiana conditions than commercial strains of ^pen- 
hagen Market from which it was produced by inbreeding ^d selection. 
As a result of the inbreeding, hydri^zation. ^d 
C. H. Myers and W. I. Fisher at the New York (Cornell) station, nine 
new varieties or improved strains of cabbage have been mtroduoed. 
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(See table 4 of the appendix for bst and special characters of each ) 
^veral other State e^nment stations and the United States Depart- 
ment of Amculture have cabbage-improvement programs under 
way from v^ch no mtroductions have yet been lorthcoming (see 
table 6 of the appendix) 

Present Trend m Garbage Ihprovevent 
The major emphasis m cabbage breedmg is now upon the develop- 
ment of strains that are lesistant to diseases other than yellows, strains 
that are particularly well adapted to a defimte locahty, or strains with 
superior eating or storage quahty There is need for an eaily-matui- 
ing, round-headed, winter-hardy, nonboltmg variety of cabbage that 
can supplant Jersw Wakefield for wmtenng-ovei m the South Atlantic 
coastal region Our best early round-headed varieties are usually 
either killed by the cold m this region or produce seedstalks when 

S lanted in the fall Work on this problem is well under way. and it is 
oped that withm a few years a stram or variety wiU be avwable that 
wiU combine the hardmess and nonboltmg of Jersey or Charleston 
Wakefield with the more productive and more desirable head char- 
acteristics of Golden Acre or Copenhagen Market Except for 
sauerkraut manufacture, there is a decided preference for heads 
of small to medium size, veiy hard, with mild or sweet flavor and 
ensp or succulent texture Tlie development of strains especially 
adapted to cultural conditions m the large production centers m 
various sections of the country is another problem on which cabbage 
breeders are working 

Usual Breeding Method for Biennial Brassicas 
In improving cabba^ or other Brassicas by selection, commercial 
seedsmen commonly select several plants possessmg the desired char- 
acteristics and store them over winter either m cold storage or by 
buiying them m the field under alternate layers of sod and straw or 
other coarse htter As soon as the ground can be prepared m the 
spring, the plants are transplanted to them permanent location In 
the case of cabbage, vertical cuts are made on four sides of the head to 
enable the seedstalk to push through The mature seed from each 
plant IS saved separately, and the plants that result from it are planted 
m a separate row the next year At harvest tune only the plants 
having the desirable characteristics from the most uniformly desir- 
able row (which of course comes from a smgle head) are selected for 
storage and seed production the following year The breeding block 
and the fields for mcreasing seed should be at least one-fourth i^e dis- 
tant from any other varieties of Brassicas m order to prevent crossing 
Selfin^ (app^mg the pollen of the flower to its own stigma and 
preventing pollination by other plants) is the most rapid method of 
securmg uniformity m ^pe, but because of the reduction m vigor 
usually caused by mbreeding the Brassicas, the lame proportion of 
self-stenhty present m these plants, and the special eqmpment and 
laim amount of hand labor required, this method has not come mto 
wioespread use by commercial breeders Vanous methods of sur- 
mounting some of these difficulties are discussed m the section on 
Developments m Breeding Techmque 




American Improvements in Other Brassicas 

No plant-unproveiDont work with kohlr&bi h&s been or is being done 
by any of the American seed growers or the State or Federal research 
msUtutions Cauliflower hkewiae, has not been worked with succt ss- 
fuUy, because of the difficulties attendant upon s^ production in 
this countiy 

Broccoh seed, however, can be grown successfully m California, and 
the Ferry-Morse Seed Co has developed a number of strams that diffei 
m their abihty to make marketable headb at different penods tluongh 
the wmter and early spnng months The names November, Christ- 
mas, February, March Early, March Late, and April mdicate the 
seasons at which the heads mature most successfully Green sprout- 
ing broccoh, a rather recentlv revived mtroduction from Italy, has 
been much improved m uniformity of type and produclaveness by 
several seed growers * By pro^r mampiilation it can be easily grown 
as an annual to produce seed the first year 

Long Island Improved, a half dwaif stram of brusscls sprouts se- 
lected and unproved by early Long Island ^were and seedsmen, is 
the only important vanety of this vegetable listed m many Amencan 
seed catalogs Veiy recently the Gill Bros Seed Co of Portland, 
Oreg , has mtroduced a dark-green stram called Oregon Special, and 
a medium green taller stram called Half Moon Bay The lattei 
probably developed among the growers m the Half Moon Bay section 
of California 

Improvement work on kale by seedsmen has been himted to fixing 
the type or selectmg more uniform strains In 1936 the Virgmia 
Truck Experiment Station released a stram of kale and nam^ it 
V T E S Scotch It has blue green, heavily curled leaves and is 
more cold-resistant and more uniform than commercial stocks of this 
Dwarf Blue Curled Scotch typo 

Louisiana Sweet is the name of a uniform, shorter petioled, sohd 
gieen-colored stram of collards mtroduced m 1934 by the Louisiana 
Agncultural Experiment Station as the result of several years’ m- 
breedmg and sel^tion work m the Georgia collard vanety 

Developments in Breeding Tfchnique 


As a result of numerous expeiiments by workers vath cabbage ond 
related crops, improvements in technique have been made that 
greatly faemtate breeding and improvement work In the work for 
early-matunng yellows-resistant vaneties of cabbage great difficulty 
was experienced m keeping the plants over winter m storage because 
of decay and rots that developed duimg the long storage penod It 
was discovered that cutting the roots or pullmg them loose on one 
side of the plant and then on the other side at a later date would delay 
the matunty of the plant until late m the fall With greenhouse 
space available, it was possible to transplant the selected plants into 
large pots, which could then be moved mto the greenhouse before freer- 


^he only conslotent d flennoe between bromU an 1 oanlltower 
enrde dotlnx the cold winter weather in the Padflo CoMt 
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grown from broccoli seed Oiaen moating broooolid^ npttor^d^ bee . 
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In breedi^ for shortness of stem or core, compactness of head, and 
superior eati^ quality, it is necessary to remove the head for exami- 
nation and testing. When cabbages were grown in Louisiana as a 
fall crop, it was found that the axillary sprouts would develm after 
the head was cut, and, if the weather was cold enough during Decem- 
ber, January, and February, the plants would produce good crops of 
seed in time to sow for the next fall crop. If the plants were to be 
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moved mto a greenhouse the transplanting was delayed until the 
lateral sprouts had made a good compact ^wth 
In some seasons the field grown plants faSed to produce seedstalks 
and instead produced small heads from the lateral sprouts Difli- 
cul^ was sometimes experienced m getting all of the plants to make 
seedstalks when the material was grown in the greenhouse during the 
wmter A senes of experiments at Cornell Umversity showed that a 
rest penod of approximately 2 months* duration at awiut 40° F was 
required for the subsequent formation of seedstalks This penod 
comd be spent m the fall either m storage or m the gieenhouse, and if 
the tempeniture was then raised to 70° and maintamed there, npe 
seed could be produced for sowing m May Hants that were not 
given the cold treatment when grown m greenhouses at a temperature 
of 60° to 70° produced no seedstalks, indicatmg that a penod of low 
temperature is necessary for the sul^quent formation of seedstalks 
Increasmg the leMth of day by the use of 6 hours’ electnc illumma- 
tion at the end of the dayught penod did not cause the appearance 
of seedstalks m plants ^wn contmuously at the warm temperature 
(60° to 70°) or hasten their appearance in the cold treated plants 
In genetic work the use of pure-breeding or homozygous strains is 
advantageous V anous degrees of self-stcnhty have b^n cncountei ed 

when mbreeding members of the cabba^ family to produce such 
strains Numerous Imes more or less self-fertile have been isolated, 
but the importance of startmg with large numbers of mdividuals 
should be emphasized m any program that calls for mbreedmg 
Experiments to deteinime the proper tune to polhnate cabbage have 
shown that better seed production results when polhnations are made 
several days before or several days after the flower firstopens Lanes or 
families thatproducepracticallyno seed when polhnated with their own 
pollen after the flowers open may produce good crops of seed when pol- 
Imated fiom 1 to 6 days before the flower normally opens Hand-polh- 
nation m the bud stage is effected by separatmg the surroundmg sepals 
with the pomts of a pan of tweezers and applymg the pollen from a m ature 
anther to the exposed stigma It is not nccessai y to remove the sepals, 
and m fact they may be helpful m preventmg diymg out of the pistils 
It has been well estabhshed that not only are there various d^ees 
of self stenhty or self mcompatibdity but also there are vanous 
degrees of cross mcompatibdity among plants of related or unrelated 
oiigm Careful hand polhnations are necessary to detemime the 
exact fertihty relation^ among strains or hnes, but the facts when 
established are useful in workmg out a breedmg piogram or m the 

f reduction of hybrid seed on a commercial scale, as pomted out by 
'earson {US) By plantmg m alternate rows strams that are self- 
mcompatible but cross-ferSle, hybnd seed will result through the 
action of insects in carrymg the pollen from one stram to the other 
Bud poUmation of a few flower clusters of each stram results m enough 
seed to perpetuate the strams for later crops Bees have been found 
to be very effective agents m the cross transfer of pollen, md by 
cnclosmg the mdividuals or groups of plants under cheesecloth cagM 
the bees may be used m workmg out the problem of obtainiM desu-able 
crosses between different strains or mcreasmg the of a number 
of desirable crosses for prelimmary commercial tests {SS) 
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When incompatibilities are encountered, it may be possible to 
contmue the improvement work by followmg a method of alternating 
selfings with mass increase The first step is the production by bud 
pollmation of as large progemes as possible of the desirable mdi- 
viduals Most of the commercially important characters are quan- 
titative m mhentance and large numbers of plants are necessah'’ to 
produce enough mdividuals of the desired type A number of 
desirable mdividuals of the same t^pe are selected from the best 
Ime or hues and each lot or ^up is grown m an isolated location, 
where the plants are open-poUmated The seed from all the plants 
of each lot or group are lumped together and sown Plants of the 
desired type are selected from the best lots of this planting and bud- 
poUmated The seed from each bud pollmated plant is saved sepa- 
rately and selections for massmg are made only from the best hues 
In a few years it will be possible to elunmate all but one best Ime, 
which, when umform for the desired characters, may be mcreased 
for commeicial use 

Propagation of new plants from the axillary buds or sprouts of 
cabbage nas been followed by commercial growers of cabbage when it 
was desirable to mcrease the ^ anety or mdmdual as rapidly as possible 
Only recently however, has it been demonstrated (5) that vegetative 
propagation from the head or curd of heading brocooU was possible 
The most satisfactorv matenal was from pieces of the curd with scale 
leaves attached When placed m a propagatmg house maintained at 
66® F dunng the night and with low humidity and plenty of ventila- 
tion, these developed roots m 20 days and m 40 days elongation of the 
floral axis had taken place 

By transplantmg to the field m late spiing the shortened stems of 
plants that nad produced a crop of seed m the greenhouse. Miller {16) 
was able to force the development of now beads from lateral buds 
dunng the summer and bv subsequent cold treatment to produce 
another crop of seed the followmg sprmg Bv thus manipulating the 
environment m which the plants were ^wn he was able to mamtam 
the cabbage plant as a perenmal and yet produce a crop of seed 
aimually 

Pearson (^18) at the Cahforma Expenment Station worked out a * 
rapid and mgemous method for detemunmg the sohdity of the cabbage 
head by determining the apparent specific gravity or density 

CYTOLOGY AND GENETICS OF LEAFY TYPES 
OF BRASSICA* 

Cttolooicaii mvestigations of a number of workers have shown that 
the wild cabbage found along the seacoasts of Europe, vanous voneties 
of heading cabbage, kohlrabi, kale, collords, cauliflower, heading 
broccoh, green sproutmg broccoh, and brussels sprouts all have nme 
pairs of chromosomes (n*=9) No si^ficant dmerences have been 
reported m size or form among the chromosome sets of any of these 
forms of botamcal or horticultural vaneties Hybrids among any of 
these forms are usually highly fertile, although stenhty may sometunes 
occur, as is pomted out in the section on genetic studies and m the 
article on root crops (turmps and rutabagas) Botamcal vaneties of 
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BrassKa olmuxa have been successfully crossed with radish (Raphanus 
eatxvus L ) (see the article on root crops), and rarely with other species 
of Brasstca having different chromosome numbers, the resulting 
hybrids usually being entirely or highly solf-stcnlc 
The wide diversity of form and function m Brats^ica oleracea would 
seem to make it an ideal species for genetic analysis, and except for 
several circumstances, our knowledge might be much more extensive 
than it 18 today Much of the early work cannot be considered 
dependable because open-pollmated varieties were used The presence 
of self-stenhty has discouraged many workeis fiom attempting to 
secure inbred hnes with which critical woik could be undertaken 
Many of the horticultural or botamcal varieties require 2 ycais’ tune 
to complete the hfe cycle and relatively large aieas of land Pro- 
vision must also be made to prevent cross-pollination by msects 
Transference of pollen from anther to pistil must be done by hand or 
by msects enclosed m the isolation chambei , and extensive use of the 
backcross is almost prohibitive because of the largo amount of hand 
labor required to get a sufficiently large number of seeds In spite 
of these difficulties a number of studies have been made on the mhon- 


tance of various chai acters m the cabbage family The more impoi tant 
contributions aie bnefly reviewed below under sectional headings 
mdicating the plant character studied 
In view of the wide range of matonals used it is not surprising that 
the workeis report different lesults with what appeal to be the same 
characters It is obvious that cntieal genetic work on the Brassicas 
has only begun T ...- 


Kiistoffeison {12, pt I) lepoits on the inhentance of leaf color in 
vaiious BroAStca oleracea botamcal and horticultural vaneties He 
tentatively assumes the mteraction of five factors, each with the 
followmg effect A pioduces no color alone, but with B produces the 
daik rea violet midiib, B causes the hght-red midnb, C under favor- 
able conditions is able to produce a very faint pink color but with A 
pr^uces the dark-violet midiibs of kale , D causes the general dark- 
red color of red cabbage, E is concerned with the distribution of 
the dark red violet color 

The factorial composition of the mateiial with which he worked and 
its phenotypic appearance with regard to leaf color is given as follows 
Red cabbage, AbcDe, dark red violet midnb and blade 
Kale, ^6cd«, green midnb and blade 
Cabbage, aBCdE, light-red midnb and green blade 
Brussels sprouts, aBCdF light red midnb and green bladi 
Broccob, abCdE, green midrib and blade 
The evidence presented m support of this hypothesis is far fiom 
conclusive, and the author himself m 1927 {12, pt 11) concludes 
“For a firm establishing of the factorial basis of the total dark rm 
violet color it may be necessary to grow the Fa ^neration He 
also states m this later paper that the factoi D ‘ shows any effect 
only when both factors for violet, A and C, are present, which is 
evidently at vanance with the scheme proposed m the first p^er 
Other workers {1, 25, 28) have found a single factor dffierOTce 
between red (purple) and green foliage Pease {26) and Molden- 
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hawer (17) conclude that two complementary factors are concerned 
m the inheritance of color in a purple kohlrabi X Cireen Savoy hybnd, 
for in the F» they obtamed 9 purples 7 gieens 

C H Myers, of Cornell Umversity, has isolated a type designated as 
magenta that is more nearly red than the so-called red cabbage, which he 
calls purple Sun red is also a new foliage color name for a genetic type 
that shows reddish purple on the stem and midnbs and on the edges of 
leaves on mature plants exposed to sunlight Genes controllmg purple 
and magenta, magenta and sun color, and sun color and green are report- 
ed to be allelomorphs respectively Crosses between magenta and sun 
color gave a purple F,, and 9 purple 3 sun color 4 magenta in the F 2 
Working with related famihes, Magruder (/ 3) obtained an F* of 9 purple 
3 magenta 3 sun color 1 green from a cross between a magenta and sun 
color, mdicatmg the mteraction of two independent genes m the produc- 
tion of the purple type studied There was only a single factor difference 
between sun color and green and between magenta and green Kwan 
(11) used different famihes of the Cornell material and m a cross of 
purple X sun red the F 2 approximated 15 puiTje 1 sun red, suggesting 
duplicate factors re^nsible for the purple The same purple crossed 
with green gave an Fj of 9 purple 3 sun red 4 green, indicating that 
this purple was not the same type as that used by Magruder 

In a review of the mhentance of leaf color it is ohvious that a 
standard nomenclature should be used or detailed descriptions given 
m terms of one of the recogmred color dictionaries I ree exchange of 
genetic color types among im estigators would also facilitate a complete 
analysis of co or Other Leaf Characteristics 

In a cross between wide blade (cabbage) X narrow blade (kohlrabi). 
Pease (£3) found the Fi to approach more nearly the broad tTOe, and 
m the F 2 the narrow type constituted about one fourth of the total 
Knstofferson (111), however, m a cross between broad (cabbi^e) and 
narrow (kale) found that the Fi resembled kale and most of the F* 
plants had more or less mtermediate tjrpe leaves, but parental types 
were also obtamed 

A type of loaf m which outgrowths of a leafy nature called ‘aspara- 
godes ’ occur along the midno and larger veins at right angles to the 
plane of the blade was found by Pease (S6) to be dominant to the 
normal leaf type and due to a single factor Detjen (4) reports a 
similar character m his material but beheves its expression is due to 
multiple factors 

The curlmess of kale was found to depend on the action of several 
genes The Fi of a cabbage X kale cross is mtermediate in curlmess, 
and the Fj shows contmuous variation between the parental types 
Malmowski (I 4 ) assumed three polvmenc genes, AUgayer (1) four, 
and Pease (H6) and Detjen (4) an mdetermmate number E[:^toffer- 
son (li), however, reports a red cabbage X kale cross in which the 
Fj was relatively uniform and in which neither parental type apmared 
Kwan (11) crossed wiinkled (savoyed) and smooth-leaved caobages 
and concluded that the wrinkled condition is due to the com^e- 
mentary action of two factors There was no evidence of linkage of 
either of the factors for wrinkled leaves with either of the comple- 
mentary factors for purple foliage color 
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Contrasting entire with lyrate leaf shape, Pease (86) found entiie 
to be due to a single dominant gene 
Petioled t^e of leaf as contrasted with sessile was found to be due 
to a smgle dominant gene by Pease but Allgayer (f) postulated 
the action of three genes after his study of a cross beWeen red cabbage 
and kale Detjen (4) found the Fi of a cross between wmged (sessile) 
and petiolate to be fully winged, which is the reverse of the condition 
described by Pease (83) He concludes that in his material ‘ clean 

E etiolate head leaves are governed by a recessive factor which may 
e one of a multiple senes *’ Environment has a marked effect on 
the expression of this character and makes a study of it very difficult 
Counts of the number of leaves below the mature he^ showed that 


m the Fi the number of leaves was generally that of the parent with 
the smaller number, but Pearson (84) concludes that ' according to 
the evidence, the number of leaves is probably governed by modifying 
factors ” XT 

Height of Plant 


Tallness of plants is dommant to dwarfness and is due to a smgle 
gene accordmg to Pease (85), Mahnowski (14), and Allgayer (1) 
Knstofferson (18, pt 11) found continuous vanation in plant height 
between the parental types in the hj and concludes that numerous 
genes are mvolved Detjen (4) also concludes that length of stem 
IS dependent upon multiple factors for its expression Kwan (11) 
obtained plants taller than his tall parent and shorter than the short 
parent m the h 3 generation, with the 1 1 showing marked mcrease in 
height over the tallest parent Ho says 


The data suggest that the inhentanco of plant height can probably bo osplaine 1 
on the assumption tliat a senes of dominant independent cumulative factors 
favorable for growth are concerned, and that each parent stram earned only part 
of these favorable factors 


No estimate of the number of factors was made, but the normal distii- 
bution of the Fj population mdicated that the factors concerned were 
of equal value There was no evidence of linkage between plant 
height or plant color 01 fohage surface 


Head Charactehistics 


Most mvestigators have found the Fi from crosses between cabbage 
and any nonhea^ng oleracea (except gemmijera) to show a slight 
headu^ tendency, and the F 3 to exhibit continuous vanation with 
recovery of both parental types, true heads being m the mmonty 
Mahnowski (14) and Allgayer (f ) consider that heading depends on 
the action of three pairs of genes Pease (85) attnbutes it to duplicate 
genes, while Detjen (4), workmg with related headless and heading 
types of cabbage, found headmg to be "fully dommant among related 
plants, or else the headmg factor m headless strams is prevented by 
one or more factors from clearly mamfestmg itself ” 

In crosses between mbred hnes Pearson (84) concludes that head 
shape, in general, is controlled by many factors, of no definite dom- 
mance ” Crosses between long- and flat-headed strams of Cown- 
hagen Market showed an intermediate shape ‘ There is some shght 
evwence that certam bead factors are complementary to each other, 
since one group of crosses produced flatter heads than the parents " 
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Detjen (4) concludes that ‘‘head fonn is not Mvemed by single factors 
but may depend on a combmation of several to many factors ” 

In crosses between mbred Imes Pearson (£4) found some of the Fi 
Imes to exceed either parent m weight, m others the Fi equaled the 
larger parent, and m crosses between closely related Imes no mcrease 
in size resulted in the Fi generation Detjen (4) records several 
crosses in which plant size of the Fi showed size equal to or greater 
than the larger parent 

Crossmg brussels sprouts (which have axillary heads but no terminal 
head) with cabbage (the reverse of brussels sprouts) results in an Fi 
that closely resenmles the brussels sprouts jiorent but has a head at 
the top In the F, there is contmuous variation m the tightness of 
the axillary buds, with a tendency for most of the plants to have loose 
heads or buds Knstofferson (1£) believes the formation of axillary 
heads is governed by many factors that are independent of factors for 
the formation of the terminal head 


The formation of axillary shoots is due ^o a smgle factor and is 
recessive to nonformation, accordmg to Allgayer (1) 

In crosses among inbred strains differing m the relative length of 
the core, Pearson (£4) found from his Ft results that “no dominance 


IS shown m the inheritance of penetration of the core into the head ” 
Hybnds between short- and long-core typos have been intermediate 
m length Season oj Maturity 


By utihzing inbred hnes and Fi hybnds among them, Pearson (18) 
concluded that the season of matunty is — 


dependent in part upon genetic facton, and tliat hvbruluation with resulting 
increase in vigor la not necessarily accompanied by an earlier time of matunty, 
likewise that environmental differences do not affect all strains in the same 
way, and that for a definite test replications together with check rows are very 
necessary 


Detjen (4) says that “heading is found to be governed by a multiple 
factor for season, which fact explains the many seasonal strains ” 
Rasmusson (g?) noted an early matunty of the Fi from crosses among 
vanohea of the same season of matunty In crosses among early- 
and late-matunng voneties he notes the Fi as being only a little later 
than the earhest parent 


Swollen Stem, Bolting, Corolla Color 


The swollen stem or bulb of kohlrabi is incompletely dominant to 
unswollen stems (as m cabbage) m the F|, and in tae Fa there is con- 
tmuous gradation between the parental forms indicatmg the presence 
of several genes for bulbmg m the kohlrabi Pease (gff) presents the 
clearest data m support of three factors, Bi, Ba, and of wbch the 
first two are maior factors and the third a modifymg factor In 
homozygous condition Bt and Ba result m bulb, and when either 
or both are m heterozyrous condition the presence of converts 
the stalk mto “senubulb” condition From crosses among related 
Imes of cabbage differing m their stem diameter, Detjen (4) con- 
cludes that stem diameter is hereditary and dependent on many 
factors 
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Certain varieties are known as “bolters” because when sown m the 
fftll they produce seedstctlks instcud of heftds the following spring 
Sutton (28) crossed a bolting and a nonbolting strain of cabbage and 
found the Fj to be nonbolting and the F* to contain approximately 3 
nonboltu^ 1 boltmg Detjen (4), working with strams of cabbage 
from the Volga vanety, found bolting to behave as a monogenic domi- 
nant over nonboltmg or biennial habit, although he recognires that 
bolting IS mfluenced by other genes for time of matin ity and headmg- 
White corolla color was found by Pcareon (19) and Kakizaki (10) 
to be due to a single gene and dominant to the yellow corolla color 

Self- and Cross-Incompatibility or Sterility 
Accordmg to Kakizaki (9), self- and cross-mcompatibihty in cabbage 
IS caused by the slow rate of growth of the pollen tubes In incom- 
patible pollinations the slow growth is due to the presence of a sub- 
stance that mhibits the growth of pollen tubes through the stylar 
tissue and in compatible pollinations the normal growtli rate of the 
pollen tubes is due eithei to the absence of the mhibitmg substance 
or the presence of an acceleratmg substance able to prevent tho in- 
hibitmg action Tho mhibitmg substance is produced most abun- 
dantly when the pistil is m full vigor, and its production dechnes with 
the declme of the vigor of the pistil The pseudofertility of bud 

E ollmation of incompatible matmgs is due mainly to msufhcient in- 
ibitmg action, owmg to immaturity of the stylo, and to the lowei 
time mterval for pollen-tube growth, as well as to the shorter distance 
to be traversed Kakizaki’s results are explained by the hypothesis 
that two contradictory allelomorphic senes of genes are concerned 
Su St, and St constitute the mluoitmg senes and Ti and Tt the ac- 
celeratmg senes The S senes is epistatio to the T, but “Tm double 
dose IS more active than S m simple dose ” In order to explain 
different degrees of fertihty it is assumed that the allelomorphs func- 
tion m different mtensities or that one or more factors of minor value 
are concerned l^en selfed, some self-mcompatible plants breed 
true, while others segregate mto 1 self-compatible 3 self-mcompatible 
Self-compatible always segregates mto 1 self-compatible 1 self-incom- 
patible Pearson’s (21) results “m most respects agree with those 
of Kakizaki”, and Detjen (4) Ukewise agrees that — 
incompatibility in the common cabbage is governed in the mam by a senes of 
multiple allelomorphs which result in tho manifestation of very distinct types 
There are, however, other factors outside of such senes that may affect the com 
patibility of plants such as was observed in the complete reversal of the Zinnia 
Rosette stram from practically complete self and cross incompatibility to prac 
tically full self-oompatibility Environmental factors such as temperature also 
may affect seed settmg and temporarily mask the genetical factors 

Resistance to Yellows 

Walker (32) has cle^y demonstrated that resistance to yellows 
(Fusartum congluttnans Wr ) is a monogenic donunant to susceptibihty 
to lie di^se m most df the yellows-resistant varieties developed by 
him and his coworkers Anderson ^), one of his associates, has shown 
that the resistance of Wisconsm Hollander is genetically complex, 
as it cannot be permanently fixed and is influenced by environmental 
conditions men grown at 22° to 24° C all plants of Wisconsm 

188*04*— 87 20 
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Hollander are susceptible, while resistant types in which the resistance 
18 due to the sm^e dominant factor are fully resistant at these 
temperat™. 

The results of Pease's work (£5, 26) indicate the evistence of three 
of the possible nme hnkage groups In the first group are found the 
genes (or one of a multiple senes) for (1) petiolate leaves, (2) one of 
the genes for head formation, (3) entire leaves, (4) wide leaves, 
(5) possibly one factor for crmldmg of the leaf, (6) bulbmg of stem, 
and (7) red (purple) fohage color A second group contams (1) a 
second gene for head formation, (2) a gene for tall plant habit, and 
(3) probably one of the genes for leaf cnnklmg 
“Asparagodes" malformation of the leaf thus far has not been 
hnked with either of the above groups 
Malmowski (74) Pease {26) report complete correlation between 
the degree of head formation and ourlmess m the Fj of a cabbage Xcurly 
kale cross Malmowski mferred that the hcadmg was due to three 
pairs of genes, ABC, and that curhness is produced by three other 
pairs of genes, XYZ, with complete Imkage between A and x, B and y, 
and C and 6 
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IMPROVING THE 
ROOT VEGETABLES 


G F Pools, CyUdogut, Diviaon 
of Frmt and Vegetable Crops and 
Diseases, Bnrean of Plant Indnstry 


Did the ancient civili7ation<i anse in the regions where our common 
cultivated food plants originated and were naturally abundant'^ Or 
did man take food plants with him, so that the early centers of cmh- 
zation only seem to be the centers of ongm of the plants’ This must 
remam an mteiestmg subject of speculation but few students doubt 
that avilization was dependent on tiie natural locations of the plants 
At any rate, the regions that are now beheved to be the natural centers 
of ongm of the root vegetables (^0, )»' which were used as food long 
before recorded historv, mclude practically all of the centers of the 
oldest civilizations The present oehef is ^at m the Old World there 
were six of these, with five of which we are heie concerned, and in the 
New World two major and two mmor centers, all of which produced 
valuable root vegetaoles 

(11 Central and western China — ^radish turnip taro (dashcen) 

(2) India (except northwestern India) — taro 

(3) Middle Asia (Punjab and Kashmir) — turnip rutabaga ra hsh carrot 

(4) Near Asia — turnip (secondary center) beet carrot 

(6) The Mediterranean — turnip rutabaga Ixot parsnip salsifj 

(6) Ethiopia — no root vegetables 

(7) Mexico — sweetpotato 

(8) South America (major) — taro jiotato 

(8a) Chile— potato 

(8b) Brazil Paraguay — cassava 

The theory is that the place wboie a plant exhibits the greatest 
diversity of subspecies and varieties m its natural state must have been 
a center of ongm of that plant 

The value of the root vegetables is due to the fact that they are 
bienmals, stonng food* m their roots dunng the first season to sup- 
port the second season's growth Among the cultivated root vege- 
tables, man has been able to select fairly true breedmg varieties, which 
differ from one another chiefly by the shorter or longer time mtervals 
they require to reach matunty In some regions an ordmanly 
bienmol crop may be changed mto on annual, or vice versa, by plantmg 
seed early enough so that the plant wiU bolt, or produce seed the first 
season, mstead of enlargmg its root for wmter dormancy In ^ the 
biennial crop plants there are numerous vaneties reputw to be non- 
bolters, meamng that they take longer to mature than vaneties not so 
designated Genetically, the hereditary factors governing time to 

< lUUo nnmben m puenUiean n fer to Literstnra C tc 1 p 322 

> Tba atored food If moot flrequenUy In tbo fonn of starch and itarthi kp sul stance Important elements 
In the human diet 
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maturity m most of our root crops must bo numerous and the terms 
azinuftl and biennial are not strictly accurate because of the many 
gradations 

Prom the begmmngs of agnculture almost to the present there has 
been no conscious effort to improve the root vegetab^ beyond select 
IM seed from particular plants whose roots struck the grower s fancy 
Withm the last centuiy however there has been more or less con 
tmuouB activity m improvmg plants by ciossmg diverse types and 
selectm^ new combinations of rnaracteis With the development of 
Mendelism mto the science of ^notics it became apparent that cross 
breeding was essential for rapid plant improvement and furthermore 
that an mtelli^nt hybndization technique required a knowledge of 
the breeding behavior of chosen parents In the case of cioss 
pollmated species like the root crops the breedmg behavior or the 
real genetic make up of the parents can be dotermmed only by 
mbreedmg to produce lines homozygous or pure for their own 
characteristics This must be combmed with the kcepmg of pedigree 
records With all our root vegetables howiver the mbreedmg 
program is sometimes excoodmgly difficult for two reasons to be 
discussed later 

IMPROVEMENT OF ROOT CRUCIFERS 
The old method of plant improvement is madequate for our present 
needs The numerous kmds of insects and fungus diseases attacking 
cruciferous root vegetables (tunup rutabaga radish) necessitate the 
production of new resistant or immime strains by the moie recent 
methods mcludmg mbreedmg crossing and the use of wild ancestral 
forms m the search for superior quauties When established com 
mercial vaneties are planted m regions where msects are most 
numerous or m soils or r^ons where the fungus diseases are most 


THE eld method of plant unprovemmt is madetpiate for our 
present needs The numerous kinds of inseOs and fungus diseases 
attacking sudi root vegetables as tiie turnip^ rutabaga, and radish 
necessitate the production of new resistant or immune strains hy 
the more recent methods, indudmg inbreeding, crossing, and the 
use of wUd ancestral forms in the search for superior qualities 
In all the cruciferous root vegeuMes the deliberate attempt to breed 
for resistance to diseases or to produce special hinds of vegetables 
has been ne^leoed thus far. But if practically nothing has been 
done m the way of improvement by modem breeding methods, there 
has been enou^ genetic researth and working out of adequate 
tedmiques to lay the foundations on whuh to build a practical 
program 
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damaging, seed can be produced onlv by plants that are entirely 
immune or partially resistant to attack If no natural unmumty oi 
resistance is found m commercial stocks, it can usually be foimd by 
the mtroduction of wild ancestral forms of these cultivated vegetables 
from their ongmol home sites In all the cruciferous root vegetables 
the dehberate attempt to breed for resistance to diseases or to produce 
special krnds of v^etables has been neglected thus far But if 
practically nothmg has been done m the way of improvement by 
modem breedmg methods, there has been some genetic research and 
the workmg out of adequate techmque as will be brought out later 
The ground work has been laid on which to build a practical program 

Breeding of Turnip and Rutahaga 

The name turmp is commonly apphed to vegetables that, m their 
present cultivated condition, aro botonically classified m three 
separate species of the genus Brasnca The pomt should be stressed, 
however, that cultivated forms of plants represent complexes of 
characters that make them quite different from their wild prototypes 
This has resulted from many generations of selection for characters, 
usually Mendelion recessives, which accumulate m combmations not 
found m nature 

In the United States the name turmp is applied to plants of the 
species Brasiica rapaL,^ a species wherem all plants exammed cytologi- 
cmly have 10 pairs of chromosomes In Europe the name turnip 
is frequently applied to the group of plants that we call rutabagas 
(bogas, or sometimes Swedish turnips), known as B napua var 
saixva rapxfera Hort by some botanists and as B cam^^ina var 
napobrassica DC m Baileys Standard Cyclopedia of Horticulture 
The rutabaga has shown 18 pairs of chromosomes m two cytological 
exammations by Karpechenko and Frandsen and 19 pairs m one 
exammation by N^ai and basaoka (29) It is important to know 
the number of pairs of chromosomes m a species, or at least m the 
particular stocks used for parents, because crosses between species 
havmg unlike numbers of pairs are less easily made and are less 
regular m breeding and fortuity than crosses between those with the 
same number A discussion of chromosome numbers m the genus 
Braaaxca is mven by Pearson (SO) 

In genorm, the chief distm^ishing charaotenstics of the turnip are 
that uie roots are mostly disHike or decidedly flattened, though rang- 
ing from sphencal to elongated comcal, the leaves are hairy, usualfy 
not fleshy, and greatly varied m outlme, and the plants reach maturity 
m from 42 to 80 days The commonly grown varieties show a wide 
variation m time to maturity, as the foflowing indicates 


Wlute Milan 42 

Snow Ball 48 

Purple Top Strap Leaved 46 

Purple Top White Globe 55 60 

Golden ^ bO-65 

Cowhom 70 

Yellow Aberdeen 70-80 

White Norfolk 76 


• rnadMii and Winge (S), however in reportlna on the cvtology and genetic* of the progeny Iroin a crow 
between the tnmip and mUbaga caU the turnip parent B eampMru var miIm repi/ere and Vavilov 
UD edb the tnmip B Motpeimi var rapifer* Metig 
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The pnnoipal timup vaneties reach maturity more qmckly than the 
prmcipal varieties of rutabagas Smce the tumip and the rutabaga 
will readily cross, however, it is probable that these turmps reaching 
market size around 65 to 80 days after planting are the results ^ 
natural turm^rutabaga crosses 

The chief cnaractenstics of the rutabaga, or Swedish turnip, as it is 
sometimes known, are a root that is tankard-shaped or elongated, 
although sometimes globular, a fleshier and larger leaf than the turnip, 
leaves not hairy, and a longer penod of time (from 85 to 90 days) 
required for reaching the best pulhng stage Among the most com- 
monly available yellow-fleshed rutabaga vaneties on the Amencan 
market are Amencan Purple Top, Early Neckless, and Bangholm 
Two white-fleshed rutabaga vaneties are Sweet Russian and White 

Disease Resistance in the Turnip 

Although no dehberate attempt has been made to breed disease- 
resistant vaneties of turmps or rutabagas, a new vanety of turnip 
knovm as The Bruce, that is highly resistant to the slime mold disease 
called clubroot, has recently been mtroduced m Groat Bntam, New 
Zealand, and Austraha Clubroot attacks many species of the crucifer 
family, including cabbage, radish, mustard, cauliflower, sweet alys- 
Bum, and manv others It is now present in eveiw country where the 
common cruciferous vegetables are cultivated The Bruce is supposed 
to be a natural hybrid between the turmp and the rutabaga, and it 
first appeared m Scotland about 1820, some 40 years after tne time 
that clubroot first appeared m Great Bntam in 1780 The seed of 
The Bruce was carefully guarded in Aberdeonshu"o, and ns it was dis- 
semmated throughout the distnct it was known to local farmers under 
different names, until within the last 10 years all agreed on its present 
name The vanety is still m a highly heterozygous state, that is, it 
appears in a great range of shapes, colors, firmness of flesh, size of seed, 
and d^ees of resistance to clubroot Tradition savs that the ruta- 
baga parent had a purple top and white flesh and that the turmp 
parent had a green top and y^ow flesh, but these differences are not 
enough to account for the persistence of a high degree of vanabihty 

Evidently much of the vanabihty is due to the fact that the two 
parents had different chromosome numbers — 10 pairs in the turnip and 
18 pairs m the rutabaga — and the present descendants are stdl segre- 
gatmg for differences in number of chromosomes From a plant-breed- 
ing standpomt it is of mterest to note that in tests conducted recently 
m Scotland (7) the stocks of The Bruce that are leas resistant to 
clubroot proved to be the stocks that have grown on soils less heavily 
infected with the slime mold 

Many different forms of clubroot exist, and the studies show that 
different vaneties of turmps or rutabagas may be resistant to one or 
several strains of the slime mold but susceptible to others Evidently 
The Bruce combmes the largest number of resistance factors, and some 
strains are therefore nearly immune to this disease 

In addition to the fact that some strains have practical immumty 
to clubroot, whether grown on hmed or unlimed soil, the bwt stra^ 
of the vanety also have a higher percentage of dry matter than other 
turmp vaneties mcluded in the same test 



304 


YEARBOOK, 1937 


Breeding of the Radish 

The radish, Baphanua aahvus L , la a native of China and India, 
and its cultivation was practiced in ancient Egyptian and Grecian 
gardens Because of its low-food value it has always been more popular 
as a home garden vegetable than as a truck crop It is a good subject 
for genetic study, smce it exhibits a wiile range of vanetal forms in 
shape, size, and color of roots, time required from plantmg to market 
matunty. and keepmg quahty A niimoer of species crosses involving 
the radish have proved of considerable value to the plant breeder as 
wdl as the cytogeneticist The condition known as self incompati- 
hihty, which means that plants cannot normally be fertilized by their 
own pollen, is widespread in commercial varieties, but this can bo 
removed by the selection of self fertde inbred hnet> 

The leamng radish varieties are most frequently classified according 
to the seasons in which thi^ are grown Spring varieties, such os 
IVench Breakfast, White Tipped, and Scarlet Turmp, are quick- 
maturing and require from 24 to 30 days’ aver age tune to marketmg 
The leadmg summer varieties — ^Wbite Icicle, White Strasburg, and 
Giant Strasburg — are larger and better keepers and require from about 
30 to 42 days to market matunto The winter varieties, such as Long 
Black Spamsh, Round Black Spanish, White Chinese Wmter, and 
Mammoth White, have the largest roots, requuo 60 to 60 days to 
reach market matunty, and keep for several months when well 
stored 

Our vaneties were all developed by cnulo selection without the aid 
of artificial cross breeding to produce special types A considerable 
number of genetic analyses have been made with radish, however, and 
with these as a begmmng it is qmte hkely that plant breeders wdl take 
advantage of cross-pollmation to produce new forms better adapted 
for special purposes or localities 

Of neat mterest from the standpoint of plant breedmg is the fact 
that me radish has been successfully used m gencnc crosses with the 
cabbage According to rehable records, the first successful cross 
between the radish and the cabbage was made m 1826 by Sageret, a 
gifted French plant breeder This wide cross between two genera has 
subsequently been dupheated by several other investigators, with 
especially interesting results m the two instances to be reported later 
BREEDING OF THE GARDEN BEET 
Although the on^ center of the beet. Beta tntlgarxa L , is well known 
to be western Asia and the Mediterranean region, our commercial 
vaneties have resulted from mass selections, based on the appearance 
and quahty of roots at the end of the first season, to meet western 
European tastes The beet flower is largely wind-polhnated, and 
cross-fertihzation can be effected m areas separated a dozen or more 
miles The practice of gathenng seed for commercial stocks of beets 
from open-polhnated plants is responsible for the mamtenance of self 
mcompatibihty m beet vaneties Recently, however, seedsmen and 
geneticists are using specially produced inbrM hnes to obtam unproved 
stocks free from rogues and from self-mcompatibility (fig 1) 

The pollmation techmque m the beet, desenbed later, demands 
imusuafcare, because even the protection given by airtii^t bags will 
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^ controlled cross poUmotion unless 
from possible contammation Se» 
pollination Jor inbroedmg requires isolation either geographic or 



Figure 1 — Effect of inbreeding or line breeding in developing higb unifonnitj and 
market quahtjr in beeU /t Slock of Ohio Canner developed by aelection and bne 
breeding from Detroit Dark Ked B good average commercial stock of Detroit Dark 

Red Note superior uniformity m shape of beets m i4 as comj aied with those m B 

physical, and it is notossaiy to start with strams that are already 
self-fertile m some tlegroo 

The leading beet >aneties differ considerably m length of growmg 
season, and the time to market maturity of the most popular vanelaes 
extends from about 67 to 78 days Beets may be grown so as to be 
available on our markets all year round by storing the slower maturing 
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ones, like Long Smooth Blood, under relatively humid eonditions 
The leadmg varieties are all of the red beet typo, and they mclude 
Asgrow Wonder, Crosby Egyptian, Ohio Canner, Detroit Dark Rod, 
and Long Smooth Blood 

New ^t species from Anatolia, recently imMrtod mto Germany 
and exammea cytologicaUy by Scheibe (1, 3^, have chromosome 
numbers running m an arithmetical senes, with 9, 18, and 27 pairs 
A species with 27 pairs. Beta tngyna Waldst and Kit , exhibited a 
sugar content almost twice as great as that of the best commercial 
vaneties of sugar beets From the plant breeder’s standpomt this 
mformation indicates that there are still iintned species m the wild 
ongm centers that offer new characters for bybndization and selection 
Moreover, the occurrence of chromosome numbers m anthmetical 
senes suggests the operation of chromosome doubling in the ovolution- 
aiy histoiy of the genus and gives hope of produemg new constant- 
broedmg hybnds made to order 

BREEDING OF THF CARROl 

Although the home of the carrot, Daucu<i carota L , is western Asia, 
all of our present vaneties represent western European selections, 
many oi wmch were made by Vilmonn, a French plant breeder and 
seedsman of the middle nineteenth century Up to the present, carrot 
breeding has been almost entirely a matter of crude mass selection, 
based on the appearance of roots at the end of the first season’s growth 

This method has produced a surpnsmgly good lange of vanetal 
types m length and shape of roots, relative thickness of central core, 
color of roots, and length of time from planting to market maturity 
Because of the mcreasmg demand for carrots in the dietary, however, 
much attention is being given today to the more modem methods of 
mbroeding for the pumcation of commercial stocks and for genetic 
analysis, followed by cross-poUmation 

Some notion of the uniformity developed m mbred carrot hnes may 
be gamed from the fact that the coefficient of vanabihty m carotene 
content (carotene is a yellow coloring matter and the source of 
vitamm A) between 28 roots of a commercial stiam of Danvers Half 
Long was about 33 percent, while the vanabihty between 28 roots of a 
hne mbred for four generations was only about 7 percent * 

The leadmg carrot varieties over the last 20 years have boon Chante- 
nay, Danvers Half Long, Oxheart, and N antes, all of which are m^ium 
long, require from 70 to 75 days from planting to marketmg condition, 
and vary from a large core m Chantenay to a minimum of core in 
Nantes Although tne present trend is to develop narrower cores, 
there is a limit, because an mcreasmg brittleness of the tops occom 




ROOT VEGETABLES 


307 


pames an mcreaBing narrowness of core The carrot is the last of the 
root vogotftblos to receive the ftttentioii of geneticists, owing largely 
to mis^nceptions of the difficulties involved Selected plants were 
allowed to set seed by open pollination because it was believed that 
carrots were self-incompatible, and this practice, of course, has largely 
nullified the effects of the root selection 

For many years carrot ^wers and seedsmen did not understand 
that the failure of isolated umbels to set seed was due not toself- 
mcompatibihty but to the fact that the stamens of a carrot flower ripen 
and shed their pollen some hours or days before the pistil is receptive 
to pollen Consequently, self-pollmation is effective only if the stig 
mas of the oldtr flowers can be served by pollen from the anthers of 
younger ones This service is performed by blowflies introduc^ mto 
cages m wluch the entire plant or a major branch is encased, and by 
using this tcchmque which is described m more detail later, Borthwick 
and EmswoUer (S) demonstrated that all carrot vaneties tested were 
entirely self fertile 

Miller (28), in Louisiana, m workmg with the problem of poor color 
m carrots grown on certain soils, found that merely selecting the best 
colored roots on soil that was adversely affecting color produced 
progenies (whether self-pollmated or open polhnated) havmg higher 
percentages of well-colorM roots on unfavorable soils than check com- 
mercial strains 

Recent studies mdicate that hvbnd vigor m the carrot acts as it 
docs m com When two mbred unes producing roots averagmg 12 8 
and 24 9 g, respectively, were crossed, the first-generation progeny pro- 
duced roots that weighed 80 5 g on the average 

Genetic analysis m the carrot nas mcluded studies of the inheritance 
of such characteristics as branched roots, cracked roots root shape, 
and root color 

IMPROVEMENT OF OTHER ROOT VEGETABLES 
Among the root vegetables taro, paremp, and salsify are relatively 
unimportant m the Umted States, an<f the number of contrastmg 
characters available for study is so small that no attention has thus fur 
been paid them by breeders or geneticists 

Varieties of Taro 

The taro, or dasheen, ColocoMa escuUnta ^ ) Schott, seems to have 
three centers of ongm, Cffina, India, and &uth America, and up to 
very recent times its cultivation was practically confined to the Hawai- 
ian and other Pacific Islands, where its fleshy root is the staple food of 
the natives, and also to the Mediterranean region Recently , however, 
several mtroduced varieties of the tarOj Tnmdad, Ventura, andSMra- 
mento, were thought sufficiently pro mising to serve as potato substi- 
tutes in the Southeastern States (^, 44 ) As early as the seventeenth 
century a few vaneUes were successfully grown m South Caro^a m a 
cheap food source for the plantation hands, but the mdustrv faUe^ 
meet competition with importations from the West Indies Ihe 
starch of the root is regarded m Hawau as superior to that of any other 
root vegetable m the ease with which it is digested and assimilated 
Young gives many ways m which the taro root may be prepared 
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as a food, including practically all the ways used witli the potato and 
the sweetpotato 

No breed!ing or genetic work has been done with taros, and only in 
Hawau is there any record of seed production Moreover, many vari- 
eties of taro fail to produce an inflorescence, even m Hawau The 
United States Department of Agriculture has recently begim a project 
on taro breedmg with the object of mlroducmg a large number of 
species and varieties from Hawau and elsewheio with a view to mvesti- 
gatmg their genetics and cytology, and also to provide now varieties 
with appeal to the growers and consumers of the Southeastern States 

Thi. Parsnip 

The parsnip, Pa’dxnaca sativa L is a relatively unimportant root 
vegetable cultivated m the United States as a market garden crop 
Records show that its center of origin was the Mediterranean region 
and that it was mtroduced into Virgmia m 1009 and Massachusetts 
m 1629, but thus far there has been no interest m the improvement of 
varieties or m the analysis of character inheritance Only one variety 
of importance, HoUow Crown, is grown in this country, and the lack 
of varieties with character contrasts is one reason for the failure of 
geneticists to attempt any character analysis 

The parsnip is an umbelliferous plant m the same family as the 
carrot, and like the carrot it exhibits the phenomenon of protandnr, 
the pollen bemg shed long before the stigmas aie rwoptive The 
pollination technique of produemg pure struns for variety unpiove- 
ment or genetic analysis is therefore identical with that for the carrot 

Salsify 

Salsify (Tragopogon porriidtu^ L ) or vigctablc oystci— so called 
because of a mildly oysterlike flavor — ^is giown m the United States 
on a very small scale and is represented mainly by a single vanety. 
Mammoth Sandwich Island Salsify ongmated in the Mediteria- 
noan area, and its mtroduction into the United States first occurred 
about 1806 Practically all the salsify seed produced in this country 
comes from a narrow stnp along the coast of central California Its 
limited use, as well as the meager repiesentation of character diflei- 
ences, accounts for the failure of plant breeders or geneticists to take 
any mterest thus far m its improvement 

Salsify IS one of the Compositac, belongmg to the same family as 
the sunflower Its fleshy taproot, which resembles a small parsnip, 
IS handled for curing and storing very much like the dahlia root 

SOME INTERESTING ASPECTS 01 
ROOT-CROP BREEDING 

In spitb of the limited amount of practical breedmg woik with the 
root vegetables, there are certain aspects of the breedmg technique 
and of the theoretical knowledge attained that ore exceptionally 
mterestmg from the standjMmt of plant breedmg m general An 
effort wiU be made here to discuss these aspects as simpfy as possible 
for toe nontechnical reader (A techmeal diocussion of root crop 
genetics follows later m this article ) 
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Inbreeding m the root crops is often difficult for two reasons ( 1 ) 
It brings out recessive factors for small size and lack of vigor, m other 
words, it 18 ]ust as hkely to make undesirable factors ‘ pure as 
desirable ones Inbred lines frequently are so enfeebled that they 
cannot bve In carrots, for example, this is so general as to make it 
necessary to proceed with caution m mbreedmg and to inbreed several 
generations, then outcross to secure enough Mgor to go on, then 
continue mbreedmg until the Ime is as umform and homozygous or 
pure” as desired With beets, on the other hand, many vigorous 
upstandmg mbred lines haie been selected without recourse to out- 
crossmg ( 2 ) Inbreeding may also uncover recessive her^itary 
factors for self-mcompatibility 

How do these factors for seft-mcompatibihty act? In the cruciferous 
vegetables — mcludmg turmp rutabaga, radish — and probably beets 
the rate of pollen-tune growth of all pollen grams contammg such a 
factor 18 retarded if that factor is also present in the tissues of the 
style (the stalk of the pistil) through winch the pollen tube has to 
grow before it can reach the ovary , m other words if the factor is pres- 
ent m both male and female cells (fig 2 ) When the rate of pimon 
tube growth is retarded the male cell cannot reach the female cell m 
time to effect fertilization Self polhnation is thus impossible m plants 
that lack the normal alternative (allelomorph) of these self mcompati- 
ble genes The difficulty can be overcome, however, by bud poUma- 
tion, that IS, applying pollen to the stigmas of unopened buds llus 
permits many extra hours of pollen-tube growth before the flower 
would normally shed its own pollen 

Commercial varieties that contam genes for self mcompatibility 
cannot be pure or homozygous for this charactenstic or they could 
not reproduce by crossmg with other plants of the same variety 
They must in some way be cross-compatible with other plants of the 
vanety , that is, in a highly heterozygous condition so far as the genes 
for self-compatibihty are concerned The best way to remedy this 
situation 18 to remove the factors for self-incompatibility that prevent 
reproduction, by making appropriate crosses to stocks containing the 
‘ normal” alternative genes or allelomorphs or, more simply, all lines 
that are not self-fertile may be e limi nated The situation is illustrated 
m figure 2 

The last method has been shown to be entirely feasible even in 
such characteristically self-mcompatible species as cabbage and beets 
In these species numerous vaneties ore available that are completely 
self-fertile 

All our common root vegetables are biennials, and this somewhat 
reduces the speed with which breeding operations may be conducted 
In each case weie are also special impediments to breedmg operations 
such as self-mcompatibihty m the cruciferous species, self-mcom- 
patibihty and wmd-polhnation in beets, difference in the time of 
maturity of the male and female organs in carrots, and failure of taro 
to produce flowers when grown m most regions These handicap, 
however, merely tax the mgenuity of the vegetable breeder and make 
it necessary for him to develop a special TOllmation technique for 
almost every species To appreciate some of the problems confrontmg 
the vegetable breeder, it will be well to review the polhnation tech- 
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mque now most favored for cross pollination or self pollination m the 
root vegetables 

The cruciferous root vegetables — turnips, rutabagas, and radishes — 
have relatively laige flowers, which are msect Mllmated This makes 
it necessary, m order to elfect controlled pollination, to isolate all 
flowers from insect contammation by encasing them in cloth or paper 
bags or in cages made of netting Crawhng msects may be excluded 
by jgliung a cotton lining on the inside of the neck of the bag 
To cross pollinate, the six anthers from the flower of the female 
parent must be removed a day before the pollen is shed, thus prevent- 
ing any chance of sell polhno- 

-r rpoffi 

ClO <~i r i CLO male parent, which hkewise has 
cto ragged, is apphed, either 

\ I \li\ I Ml ® camel s han brush or by 

II III /II transfemng an entire flower 
l Il\ /111 l\ that 18 sheddmg Its pollen, to 
\ III (111 111 the stigma of the emasculated 

/\ r\l AW A W A M flower of the seed parent 

0 Ifl (/ U Vwi 1) polbnate, it is neces- 

Ij Vs sj Vs U sj sary, as before, to isolate aUfloiv- 

\ \ \ \ I ere fiom insect contammation 

\J \J v_/ If the plant is self compatible, 

it will automatically polhnatc 
0 s,s ijj, Ssi ss Ss itself IfitiBself mcompatible, 

Seeds produced howevcr, it Will bc neccbsaiy to 

ss sst ss [ ss I ■J-y bud polhnatc, that IS, to apply 

s,sszs, ss, s s, dd pollen from a flower opened this 

incompot bi« comb not ons moining to an as yet unopened 

' bud oHhe same plant Thepol- 

Fiffsre 2 —Diagram lOiowing powible combma Jpjj tJjyg Jj^yg tu„g 

none in cr^ mydyi^ ^If incomp.tib.bty to reach the OVules It IS 

.IM.n«ph». w.. ... ud .. pnnraple doe, not become effec 

sdf incompaublegeii<».rece*a.y«niiilupl«allo- tive Until after the pollen of a 
lomorpba of S No plant can baye more than given flower IS shed normally 
two (any two) membeis of this senes The beet 18 an example of a 

wmd-polhnated species that is 
also msect-poUmated to some extent Beet pollen is so small and dust- 
hke that samples of it have been found by airplanes at elevations of 1 ,000 
feet Consequently when air currents are m motion the removal of 
a bag m order to effect polhnation, even for an instant, may result m 
contammation of the sti^as with undesired foreign pollen The best 
practice is to polbnate m still air, for example, witmn a greenhouse 
^e floral organs are so small that emasculation is unpracticable 
When cross-polhnation is desired, an excellent procedure is to make a 
cross with a male parent that has some easily identified, donunant 
characteristic All progeny that result from self-pollmation will then 
show the recessive cnaractenstic and can be discairaed m favor of the 
hybrids, which can be identified by the donunant characteristic, or 
if it is not completely donunant, they will be mtermediate m character 
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The t^lmique developed for sugar beets by Brewbaker (S) is to 
isolate the female parent flowers m a hand-made bag 6>t mches by 17 
mches made of 30-pound vegetable parchment When cross-polhna- 
tion 18 deuim, the danger of uncontrolled pollmation may be practically 
ebinmated by not removing the bag at all, and blowing poUen mto it 
with a pollen gun, as descnbed by Jenkins (/5) As already explained, 
self-mcompatibibty in beets and trucifers prevents successful self 
polbnation unless a normal alternative gene (allelomorph) is present 
A strain with such a normal gene might be called a low self-fertile one, 
and, as mdicated m figure 2 (the fourth ovary from the left), a low 
self-fertile strain may be converted by mbrecdmg and selection mto a 
high self-fertde stram contaming only the dommant noimal gene, that 
IS, a stram homorygous for selj^fertmty 

As a result of mbreedmg experiments with sugar beets, Brewbaker 
(5) says “The characters of high and low self fcrtihty appear to be 
hentable, and by selection and continued self-polhnation luglily self- 
fertile hues would bo obtamed ” It should be said that no genetic 
analysis of the mhentance of what is called self-stenlity m beets has 
been made, but it is assumed to bo of the same nature as that out- 
hned in figure 2, which m general illustrates the interaction of genes 
foi self-mcompatibihty in the cases thus far studied, tobacco and 
cabbage 

In carrots no sclf-mcompatibihty is encounteretl, despite previous 
beliefs (IB) Self-fertdity is complete provided one overcomes the 
barner of protandry, which can be easily done by using the fly-pol- 
lination technique of Jones and Emswellei os applied to carrots by 
Borthwick and Emsweller (IB), for either cross-pollmation or self- 
pollmation 

Since carrot flowers are as small and difficult to emasculate as beet 
flowers, cross-pollmation is effected most readily by ba^mg single 
umbels in muslm or cheesecloth bags, waitmg sevcial days alter the 
first flowers have come mto full bloom, then mtroducing an umbel of 
the male parent with cut stem m a jar of watei, along with a supply 
of freely hatched clean blowflies, which will effectively transfer the 
pollen to the female umbels In such cases self-polhuation is impos- 
sible on a single umbel because of the existence of protandry Self- 
poUmation is readily performed by cagmg an entire plant in a muslm 
or cheesecloth bag, then penodically mtroducing clean freshly hatched 
flies By caging the entire plant the flies are enabled to pollinate 
the older flowers with their own kmd of pollen from the younger 
flowers 

The teclmique of pollmation m taros is very simple The tero 
flower IS m the form of a spadix or fleshy axis enclosed by a modified 
leaf or spathe, as m the jack-m-the-pulpit or the calla Each spadix 
contains staminate florets on its upper end and pistillate florets on 
Its lower end All that is required is to remove the spathe and enclose 
the spadix m a glassme or other transparent bag to exclude insects, 
and self- or oross-poUmate the female florets as desuwl with a camel s- 
hau- brush This is sometimes impossible on a single snadix because m 
some species of taro the stigmas are past receptivity by toe time pol- 
len IS ready (This is known as protogyny , the opposite of protandiy ) 
As a precaution agamst self-pollmation when crossmg is desired, it is 
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advisable to remove the male end of the spadix. The real difficulty 
with taro, however, is that most varieties will not produce an i^o- 
rescence even where they are extensively cultivated, as in Hawaii. 

Hybridization between species or genera of the root v^etables has 
produced at least three artificial hybrids with aU of the chromosomes 
doubled. Plants with doubled chromosome numbers of this kind ai’p 
known as amphidiploids, and they are usually hybrids between re- 
motely relateii parents It would seem that on account of the remote 
relationship, the chromosomes of the 
parents are so dissimilar as to 
bo unable to mate or pair properly 
The cell-division mechamsm is ron- 
1 %^ sequently so fundamentally disturbed 
j as to prMuce a doubling of the num- 
ber of chromosomes in the sex cells 
The first-generation hybrid is likely to 
be either entirely sterile or almost so, 
but the doubling of the chromosome 
number provides all immated chromo- 
somes with mates for pairing, so that in 
future generations sex cell division can 
proceed in the regular manner. The 
result may be a true-breedmg amphi- 
diploid. In figure .3 all visibly lumamed' 
chromosomes of the Fi or first hybrid 
generation can be seen to be doubled in 
the amphidiploid hybrid Frequently, 
^ H A however, the chromosome doubling 

takes place in the cells of the plant 
body insteoil of in the sex cells ‘ 

It was only m 1925 that the first 
amphidiploid hybrid obtained under 
experimental conditions was recog- 
3.— Somaiic (diploid) chro- nized and described (/). Since then an 
"umb'.r of suoh 

/ortufa; C, tbei F, hybrid, D, their hybrids havo been described. Many of 
am]diidipl(Md hybrid. ChromoMme them, becauso of the wide separation 
doubling in some F, MX cells, followed of their two parents, are practically 
j33d”3:lr4ote,V^S; ‘n.o.breo.hog and might tru& be ended 
lively as welfas quantitatively, from genera Or new species and given 
both parents. X about new names (4j?). In other cases, 

however, the parent species were so 
closely related to begm with that many of the chromosomes were 
able to pair, and the subsequent chromosome doubling therefore 
only resulted in a more complex hybrid, but not a true-breed- 
ing one or one that could be expected to produce stable derivatives 
(SI, SS). 

Many plant genera contain species whose sex cell chromosome 
numbers occur either exclusively or mostly in multiples of some 
common number. In wheat (Triiicum), for example, some species 
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have 7 cbromoeomes, others 14, and still others 21, m Wi arithmetical 
senes Other examples of genera m which this occurs, with the sex 
cell chromosome numbers, are 


Bela (beet) 
Carnpanvla 
Ckryeanthemum 
Papaver (poppy) 
Rosa 


9 18 27 
17 34 51 8 16 10 13 
6 18 27 36 41 
7 14 21 28 11 22 
7 14 21 28 


The occiurenoe of anthmetical senes among the chromosome num- 
bers of many genera prompted Winge m 1917 to offer the hypothobis 
that such chromosome numbers arose as a consequence of chromosomo 
doubimg following species crosses At that time he knew of no 
expenmental venncatioii of his hypothesis, but now there aie scores 
of artificially produced amphidiploids, as well as evidence of amphidt- 
ploid hybnds in the wild, and correlated analyses of characters and 
chromosome numbers for their parent species Two species known 
to be natural hybnds are successfully growing m the wild — one a 
pentstemon, m the foothills of California and the othei a grass, in 
the harbors and on the beaches of the English Channel I ho arti- 
ficially produced constant breeding aiuphuliploids in the Ciucifeiao, 
with the number of pairs of chromosomes, are 


(1) Radish, Raphanus saltvus, 9 pairs X cabbage Brasstca oleraeea L , 9 pairs 
product ' RapAanobrassuM 18 pairs 

(2) Radish R saltous 9 pairs, X Chinese cabbage B ehxnetms L , 10 pairs 
produced Brassxcoraphanus 19 pain 

(3) Turnip, B eampeslns L , 10 pairs X rutabaga B napus 18 pairs produced 
‘ Brattxea napocampestns 28 pairs 

Although none of these constant breeding hybnds has commercial 
possibilities at present, Brasstca napoeampestiis, comlnning features 
of tiie turmp and the rutabaga, mav easily have value with furthoi 
selection, and the otheis can bo used as parents for further ciosses to 
provide selection matenol for commercial stocks 

The fact that the chromosome numbers m Beta, fioin which oui 
garden and sugar beets come, occur m an arithmetical senes, 9, 18, 27, 
suggests that species formation in this genus was influenced to some 
extent by chromosome doubling followmg crosses between sjiccios 


GENETICS OJ- TIIL ROOT VEGLTABLLS « 

Turnip and Rutabaga 

ArcOHDiNG to Kajanus, turmp more commonly contains hemhtaiy 
factors for self-mcompatibility than rutabaga This is expected if 
among the larger number of chromosomes of the rutabaga the chromo 
some con tainin g the locus S versus s,, «*, etc (see fig 2), hail been 
duplicated, hence s^regations for compatibility veisus mcompati 
bdity will show at least a tetraploul rather than a diploid ratio foi 
example, on expectation of 35 1 mstead of 3 1 The pi (Ruction of 
self fertile mbred Imes in turnips will, therefore, be more difficult than 

16, 17, 18, 19) has made the greatest number of genetic 
analyses in both these species, the mam results of which are shown 

• Thto aeotloa a wntt«a priauuHy tor atadento or olbea profeaa onally nterated In breeding or genetlca 
138S04'— 87 -1 
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m tables 1 and 2 Among other geneticists who have worked with 
these vegetables are Hallovist (11, IS), Malinowski (25, 26), and 
Sylven (?^) Kajanus studied the progeny of hybnds between these 
two species, and Frandsen and Winge (8) produced an Fj hybnd 
between the turnip and the rutabaga that later doubled its chromosome 
number The ensuing amphidiploid stock of plants had the poten- 
tialities of a constant new species, combining features from both 
parents, but most of them came from the rutabaga, because it con- 
tnbutod most of the chromosomes 


1 ABi E 1 — CmHu- analytn of character uihentance in turnip 



Af ti m. white V yellow flesh color, also yellow i> orange flower color 
Pv p (anthocyanin), red v cream yellow upper root bark color 
Vv V (chlorophyll), green v cream yellow upper root bark color 
P IS epistatic to V, thus producing the phenotypic combinations shown above 
Mcndehan ratios obtained (Kaianiis) 

Bark color— 12 red 3 green 1 yellow 
Flesh color — 3 white 1 yellow 
Flower color — 3 yellow 1 orange 
Root shape — multiple factor inheritance 
Root suitace — 3 cracked 1 smooth 

The heteroaygotes of these genes exhibit an intermediate intensity of expression, 
consequently the classification of any hybnd population may be more complex 
than IS indicated 


Table 2 — Oenelic analyse* of character inheritance in rutabagas 



Phcnotnir 

Byml oh 

( lor oltnrlc 

c lorofllo'ili 

Shaieolleaf 

< olor of 
flower 

PiPMtMiFLiAB 

PiPiMtMiF eiAb 

PiPiMiMieitiAB 

*iAb 

piPlMiMtE eisB 
pipmisur fioft 

V epr d 
lo 
do 
do 

Palercl 

do 

^"do 

ante 

do 

do 

do 

do 

do 

do 

Yellow 

Pinnslifl I 

Fntre 

Piniutifld 

Fntire 

do 

PinnatiB 1 

Yellow 

Orange 

Pale yellow 
Pale orange 
Yellow 

Orange 

Pale yellow 
Pale orange 


Av a, orange v pale orange flowers 

Bab, yellow v Mle yellow flowers 

Pi e pi, pale violet red v green 

P> t> pt, deep violet red v green 

MiM, p tfiimi, yellow e white flesh color 

EiEt p PA, pumatifid p entire leaf outline 

P* IS epistatio over Pi, giving the phenotypes shown above 
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Mendelian ratios obtained 

BMk coloi— 12 d^p red 3 pale red 1 (Kajanus and Hallqvist) 
flesh color — 16 white 1 yellow (Hallqvist) 

Leaf shape — 15 pinnatifid 1 entire (Hallqvist) 

Life cycle— Biennial v annual, multiple factors (Malinowski) 

Flower color— 9 yeUow 3 orange 3 pale yellow 1 palt orange (Sylvtn) 


The duplicate nature of factonal relations here m an additional 
reason for the suggestion that the genes concerned are included in 
the extra set of eignt chromosomes by which the nitabaga is distin- 
guished from the turmp For example, the two 15 1 segregations 
for flesh color and leaf shnpe indicate diiphcate dominant genes for 
the dominant allelomorphs in each case Mahnowski, who ana- 
lyzed the cross biennial X annual obtained an observed ratio of 
349 biennials to 57 annuals, which gives a significant deviation fiom 
any assumed Mendelian ratio 


Turnip X Rutabtiga Crosses 


From 1912 to 1917 Kajanus leported studies from a nuinbii of 
crosses between the two species, turnip, Brasaica /apa (10 pans of 
chiomosomes), and rutabaga, B naput, (18 pairs of chromosomes), 
with results that have been summanzed by Matsniira {27) The 
work was done before the acceptance by geneticists of cytological aid 
m investigating crosses between parents with diifenng chromosoine 
numbers The studies summanzed by Matsiiura would have bien 
more valuable had the investigators considered this feature of the 
problem Most of the analyses made, howevei , deal only with simjily 
inhented loaf characters that segregate in the Fa generation with 1 2 1 
monohybnd ratios, as, 1 piibi scent 2 intemietuate 1 smooth, or 1 
bloom 2 in tei mediate 1 nonbloom 


The Amphidiploid Hybrid ^'Napocampeslns'''' 

In 1932 Frandson and Wmge (S) repoited the production undei 
cxpenmental control of a hybiid between the tin nip, Brassica campek- 
tns var sativa rapifera (10 pairs of chromosomes) and the rutabaga, 
B Tiapus var sahva rapifera (18 pons of chromosomes) It is nnfoi- 
tunate that an unnecessary confusion should be introduced by calhng 
the turnip B campestns here and B tapa at othei times, but the 
authors’ names have been used As expected, plants of the first fihnl 
generation were, as a rule, quite sterile compared with the paiont 
plants One of the Fi plants, however, proved to be almost as fertile 
as the parents A cytological examination of the root tips of several 
F, plants showed the expected chromosome number of 28 (10 plus 18), 
where half the chromosomes from rutabaga were added to naif the 
number from the turmp parent Consequently it is believed that all 
the Fi plants, with the exception of the one that was highly fertile, 
possessed 28 somatic chromosomes The highly fertile plant is be- 
lieved to have doubled its chromosomes from 28 to 66 immediately 
followmg fertilization, as in Nteoitana dtpluta{4), because in the progeny 
of this ^ant 21 plants that were examined cytologically were highly 
umform both as to outward appearance and as to the chromosome 
number of 66 
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The progeny of all 28'Chromosome Fi plants exhibited a more or 
less high degree of sterdity, because at the time of formation of sex 
cells the 18 chromosomes from the rutabaga parent had only 10 
chromosomes from the turmp parent with wmch to mate, leavmg 8 
chromosomes to be distributed to the sex cells at random Conse- 
quently, when these plants were self pollinated , all sorts of fertilizations 
with odd chromosome numbers were effected, many of which proved 
to be nonviable, hence the high degree of stenhty Stenhty of this 
kind IS called ‘ generational ’ stenhty to distmraish it from mcom- 
patibility, already considered In the propny of the 56 chromosome 
fertile plant, however, the distnbution of clunmosomes to the new 
sex cells was as regular as though the plant had 28 pairs of chro 
mosomes, the members of each pair separating from each other at 
germ cell formation with the regulanty of true-breeding natural 
species 

An idea of the uniformity of this fairly true breeding new hybnd 
may be gamed by comparing its F, progeny with the parents and the 
Fi generation 

Rutabaga Oval root red violet bark yellow flesh 

Turnip Elongated root a^n bark yellow flesh 

F| (a) The seed of two plants gave half long roots red violet bark and yellow 
flesh in the progeny 

Fi (b) The seed of one plant gave half long roots one half red violet and one- 
half gieen bark and yellow flesh 

Fj generation is shown m table 3 


Tablb 3 — DittrtbiUun of root thapes of turnip rutabaga hybrids 



In outward appearance as well as m chromosome content most of 
the progeny, diploid or amphidiploid, resembled the rutabaga parent 
which contributed eight more cnromosomes than the turmp This 
may be compared to the observation that in The Bruce turmp most 
of the characters usually favor the presumed rutabaga parent From 
the foregomg discussion of Kajanus analysis of inheritance of root 
color m turmps and rutabagas it is seen that green bark is hypostatic 
to red bark, which indicates that the rutabaga parent of Frandsen s 
amphidiploid hybrid must have been heterozygous for the red bark 
factor, and therefore of the genotype PpW 

GENbTICS OF THF RaDISH 

An outline of the chief genetic analyses m the radish, Rapkanus 
aativua, together with the names of the mvestigators reporting them 
IS given m table 4 The list is compiled chiefly from the work of 
Frost (9), Uphof (39), and to a lesser extent Malmowski (35) and 
Earpechenko (31, 33) The character contrasts include all organs of 
the plant, and the segregations reported show that a fairly simple 
factorial situation usudly exists 
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Some quMtion anses regardmg the interpretation of results from 
the cross red-stnped v white (made from crossing the variety Triumph 
with either Early White or Icicle) In Ft red-stnped was completely 
dominant to white, but m Fj mstead of 3 red stnped 1 white, Uphof 
obtamed 1 red stnped 1 white No cause of the supposed disturl^d 
ratio was learned, but Uphof suggested the action of a gamete 
lethal, although this ratio might actually be a 9 7 mteraction, in 
which two recessive whites are mvolvcd Frosts crosses in some 
cases showed a pronounced hybnd vigor m F,, a phenomenon most 
frequent m open poUmated species maintained m a highly hcter 
ozygous state 


Tabis 4 t hanu ter inheruanre in Kaphanus tatiius 


1 rharac r j 

1- 

> 

1 R t r 

Root 

Yellow 1 whte 

Ye low 


T 1 1 nl M 1 n« k 

He 1 e wb le 

Pnroles red 

RedprmaiTCorteTi whte 

H d tripe 1 « wh e 
longe glnlc 
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Species Crosses in the Radish 

Crosses are easily made between the wild indish Raphanus ra- 
phamstrum L yellow flowered and the cultivated radish R sativus, 
red, purple, or white flowered Both species have nine pairs of 
chromosomes and the cross appeals to segregate nguhily both ns to 
chromosome distnbution and Mendelian factors hi interspecific hy- 
bnds usually have violet flower color, and, ac cording to Trouard Riolle 
(36, 37) the starchy root of the wild radish is dominant over the 
sugary root of the cultivated radish Frost found indications of a 
linkage between the locus for purple reel root pigment and that for 
earliness v lateness of flowering, with a cross over of 4 78 percent 
Frost also established the piesence of self incompatibility in the radish, 
but made no analysis of its genetics 

Karpechenko’s Raphanobrassicu" 

Karpechenko (81) obtained a first-generation hybnd betwe^ the 
radish (2n=18) and cabbage (2n-=18) which was highly sterile as a 
result of disparity m chromosome content and structure, although 
not in chromosome number, between the two parent species In 
consecnience of the cell division disturbances, some of the functioning 
sex had double the expected number of chromosome The 
chance conjugation of two such unreduced sex cells resulted m the 
production of a plant having the combined diploid number cu chr^ 
mosome of the two parents, known as an amphidiploid hybrid 
Karpechenko’s amphidiploid hybrid was in some repects like the 
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amphidiploid hybnd that Frandsen obtained in the tumip-rutabaga 
cross already desonbed There is one important differenc^however, 
between Karpechenko’a radidh-cabbage amphidiploid and Frandsen’s 
tumi^rutabaga amphidiploid Frandsen’s hybnd presumably re- 
sulted from a suspended cell division following the union of the turmp 
sperm with the rutabaga egg, whereas Karpechenko s hybnd resulted 
from the chance meeting of two un- 
reduced sex cells in the ovary of a 
first-generation hybrid Thus we 
have illustrations of the two ways 
in wluch amphidiploids can be pro- 
duced, (1) where the doubling occurs 
in the asexual or sporophyte genera- 
tion, and (2) where the doubhng 
occurs in the sexual or gametophyte 
generation 

Figure 4 presents a diagram of the 
types of seed capsules characteristic 
of the patents and hvbnds occumng 
in the production of Karpechenko s 
amphidiploid, which he called 
Baphanohrasaica The hybnd plants 
wore clearly mtermediate between 
the two parents in the structure of 
capsules, as will be seen from figure 
4 but also in possessmg as many 
kinds of chromosomes from one 
parent as the other — radish, Bo- 
phanua sativus (2n=18), cabbage, 
Brdsaica oleracea var eapitata 
{2n=l8) , Baphanobrassxca (2n=36) 
No effort has been made to utilize 
Baphanobraasica to improve either 
the radish or the cabbage, and 
Fifftrv 4 —DiagrammaUc repreaeaia Karpechenko {SS) states that it Will 
tion of the relative capaule ahapea and not cross back to either of itS 
aucN aa well as chrumoaome n^Inber^ parents It Will CrOSS readily, how- 
in (A) a large number of other 

ofemcao (OthwF, hybnd, ^ {D) cniciferouB species, including 
^ S the ‘‘“d rutabagas, which m 

^ere aolS^wJt en- tum mil not cfoss mth either radish 
larged m the ot^ying or cabbage Karpechenko attempted 

to produce still other amphidiploids 
with an even higher chromosome number by addmg the chromosomes 
of turnip, rutabaga, etc , to those of Baphanobrassica The first- 
generation hybrids have succeeded, but thus far the chromosome 
doubling to Btabihze sex cell formation has not occurred 

From the plant-breeding standpomt the chief value of these studies 
IS the demonstration of the pnnciple that if a cross cannot be made 
directly between species A and B hecause of their wide evolutionary 
separation, then the gap may be bridged by first forming a hybrid 
between A and (7, with which B will later successfully cross 
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Ttrasauia's "Bnustco nphanua" 

In 1932 Terasawa (36) reported the appearance of on amphidiploid 
hybnd called Brassico-raphanus with 2n=38 chromosomes, which 
bred approximately true m the F 4 generation from the irosa pakchoi 
(Brasstca chinensis, 2n=20) X radi^ {Baphanus satwus, 2n= 18) He 
explained the tardy appearance of this ampludiploid m 1 4 instead of 
Fj as resultmg from msect pollmation of Fj plants, which somehow 
induced nonreduction of chromosomes in sex cells Consequently, 
the on^ of Braaaxco-raphanus from unreduced gametes was in ^e 
mam similar to that of Raphanobrasstca The plu notypes of the 
two parents and their intermediate hybnd art sIio\in in table 'i 


Table 5 — ( omparative morpholoey oj Bntsstra chinmw Raphanwt satitus 
and their ampkidiploid 
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Geni-tics of THt Beet 


Our knowledge concerning the genetics of Beta is obtained chiefly 
from the investigations of Kaianu8(/4 and Iveller (;?S) Some 
years ago Kaianus also Lindhard and Iversen (34), investigated the 
inhentance of root color in this biennial root crop, and nil believed 
that the postulation of two pairs of factors was siifiicient to account 
to color inhentance Certam discrepancies in Kaj anus’ segregation, 
wluch he asenbed to faulty pollmation technique, were observed also 
by Lindhard and Iversen who mterpreted them os caused by about 
37 percent linkage between the two postulated loci More recently, 
however, Keller, with greater care agamst the contamination of wind 
pollination, investigated the genetics of root color Instead of only 
the two pairs of factors assumed by Kajanus et al giving 4 segregating 
phenotypes in F 2 he finds that each of the two loci canies a senes of 
three multiple allelomorphs 

The genes postulated by Keller m the order of their dominance are 
lociisl «=rod hypocotyl B -red top white hypocotyl r-=ycHow hypocotyl 
Locus 2 y»=yellow root Y’ green top yellow root K=white root 

From two diffeient Fj populations the following senes of nine 
phenotypes was obtained from combinations of these six genes 
Root phenotypes in garden beet crosses 


Pheriotfpis 

Red hypocotyl, white root 

Red hyopcotyl red root 

Pale red hypocotyl, pale red root 

Striped red beet 

Green top red root 

Red top, white root 

Yellow hypocotyl, white root 

Green top yellow root 

Yellow beet 
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Moreover, instead of a loose linkage of 37 percent, he calculated 
an average linkage of 7.3 percent lor four crosses m^e in the 
coupling phase and a linkage of 8 8 percent for a single cross 
made in the repulsion phase. Different members of the multiple 
allelomorph senes were used in the two types of crosses, as shown ill 
table 6. 


Tablb 6 — Linkaga vtduet derived from beet crosiea ui the coupling and repulsion phases 
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Kajanus also investigated the genetics of leaf color, but found the 
ratios less satisfactoiy than for root color. In the red-fleshed beets 
the distribution of anthocyanin is sometunes general throughout the 
stems and leaves and sometimes confined to the stems, petioles, and 
larger vems, the rest of the leaf bemg green. Crosses between red- 
containing phenotypes and entirely green-leafed ones gave conflicting 
results. Sometimes green appeared to be dominant to red and at 
other times it was clearly recessive He interpreted this paradox to 
indicate the presence of a dominant inhibitor for red leaves in some 
genotypes which is absent in others. 

Finally, for root shape, Kajanus postulated four pairs of genes: 

Lv I, long root v short. Av a, sharp v blunt forms 

Ovo, inhibitor oi Lv noninhibitor. B v b, inhibitor of A v noninhibitor. 

It has already been noted that the root crops carry several genes 
for self-incompatibility, and Beta vulgans is no exception. Although 
no attempt has been made to study the inheritance of self-incom- 
patibility m Beta, it is easy to keep these genes out of the populations 
by selecting self-fertile inbred lines. The Division of ^gar Plant 
Investigations of the Bureau of Plant Industry has selected several 
completely self-fertile strains of sugar beets, and Roy Magruder, of 
the Division of Fruit and Vegetable Crops and Diseases, has several 
promising inbred lines of garden beets 
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Dudok van HmI (5) with sugar beets and Bateson {10) with sugar, 
gwden, and stock beets, have investigated the inhentance of bolting 
Both investigators thought inbreeding in beets was impossible because 
of self-mcompatibility, and thus made their selections from open- 
pollmated mother plants Despite the poor pollen control, both were 
able m a short time to select lines that were practically or entirely 
nonbolters under any conditions Bateson rapidly eliminated bolters 
by forcmg under glass Dudok crossed high-boltmg and low-boltmg 
strams and found evidence in Fi that low boltmg or nonboltmg was 
dommant, but he attempted no further analysis 

In view of the fact that in radishes Frost found high boltmg to bo 
completely dominant to low boltmg in the ratio of 3 1 m F*, and that 
in rutabagas Malinowski found low bolting partially dommant m Fi 
and F 2 with mdication of multiple factors, it is regrettable that moio 
complete information is not available for beets It is probable that 
many genetic factors are m operation, from the fact that a wide range 
exists between beet varieties in length of time to market matunty 

Genetics of the Carrot 

The project of producing mbred Imes m carrots as the initial 
step m genetic anmysis was begun at Davis, Calif , for the pur- 
pose of general genetic analysis, variety unprovement, and in- 
crease of carotene content The attempt to mcrcose cniotcno content 
m the carrot is important, because it is a iich souice of vitamin 
A, so necessary m the correction and prevention of certain nutritional 
disorders Betacarotenc and vitamin A appeal to produce iden- 
tical physiological effects The general gent tic analybis includes 
the fofiowing studies Branched roots, cracked roots, loot shapt , wild 
V cidtivatearoot type, three different leaf colors, two flower colois 
purple contra! flower v normal, red, white, yellow, purple, and orange 
root colors 

At the outset it was observed that mbreeding 1 educed plant vigor, 
but the extent of reduction was difficult to learn, because some 
carrot vaneties are genetically fast growmg while some aie blow 
growmg A bamer to studying the effect of inbreeding on car- 
otene content was encoimtered m the difficulty of securing repre- 
sentative carotene samples from mdividual loots Carotene is not 
umformly ffistnbuted throughout the root, but apparently is fiist 
deposits at the top of the phloem zone, whence it gradually diffuses 
to the bottom of the phloem, and then to the top and bottom of the 
xylem core After many tnals it was learned that the most reliable 
index of carotene content was a colonmetnc leading of the total 
extracted pigment before separation of carotene and xanthophyll 
The correlation between the color readmg and milligrams of carotene 
per 100 g of dry matter is very high Smee the pigment is fairly easily 
extracted, but the carotene determmation is made only with much 
labor, the method is a valuable aid to carrot breedmg for mcrease of 
carotene (6) , , , , . v u j 

Studies on average root weight of mbred lines, and of hybnds 
among them, show that the numerous growth factors we Mgregated 
to the vanous Imes m a manner correspondmg to that for mbred 
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maize lines Furthermore, the crossing of enfeebled mbred carrot 
lines gives the same manifestation of hybiid vigor as in Fi hybnds 
of maize mbred lines Presumably the hypotheses developed for size 
and weight mhentance m mai/e are apphcable also to carrots, and 
we may expect important contributions from cairot genetics to the 
solution of the exceedmgly difficult problem of si/e mhentance An 
illustration of production of Fi generations with excessive hybnd 
vigor 18 shown m tlie following cross between two mbred carrot hnes 
at Davis, Calif (data unpublished) 


Hybnd mgor in a carrot eras* 


[Avarage weight m grams] 

Parent lines, A, 34 28, B, 36 42 

Fourth generation inbred. A, 12 85, B, 24 87 

Fi hybnd, 80 6 

The vanety was Danvers Half Long and parent hnes A and 
B were from strains mbred one generation A plantmg of the 
vanety from nomnbred seed grown and pulled at the same time 
had a moan weigh tof 75 g Smee carrots increase m weight as they 
grow, it IS necessary to pull at the same time all roots that are to 
be compared 

Some work is bemg done m California on analysis of root color in 
carrots ^ In the cross White Belgian y Yellow Belgian the Fi gen- 
eration showed plants with the following different phenotypes 


a White xylem lemon phloem white skin 
b Lemon xylem white phloem white skiii 
0 “Ringmg' of lemon and white white skin 

In a cross between an Indian purple carrot (purple phloem) X 
Commercial Danvers Half Long (orange phloem), the F, showed vary- 
mg degrees of purple 

From the foregoing analysis of Yellow Belgian and White Belgian 
it i^robable that the picture of a simple monohybnd contrast given 
by Tschermak (SS) is inadequate 
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IMPROVEMENT 
OF SALAD CROPS 


ROSS C THOMPSON. Awociate Horucul- 
liinst. Divuion of Fruit and Vegetable Cropa 
and Dueaaet, Bureau of Plant Indnatry 


The group of vegetables mcludmg lettuce, celery, endive, chicory, 
cress, parsley, and comsalad, of which the leaves or stems, oi both, are 
eaten raw, are classed as the salad crops The production and con- 
sumption of these crops, especially lettuce and celery, lias mcreased 
enormously since their importance as sources of vitanuns has become 
more generally recognized 

The crops of this group are comparatively exacting m their cultural 
requirements , hence commercial production is limited to areas that, on 
account of certain environmental conditions, are especially smtable 
for them Only the two moat important salad crops, lettuce and 
celery, are grown in largo quantity for market 
Moat of the cultivated varieties of the salad plants have arisen by 
selection of individual plants by market and home gardeners In 
many cases the parentage and origin are unknown Only withm 
recent years has an effort been made to improve these crops by 
scientific methods from stock of known worth 
The salad plants other than lettuce and celery will not bo dealt with 
in the present discussion, as very httle work of a scientific nature has 
been done with the nunor crops of this group The dearth of material 
on the genetics of the salad plants is no doubt in a large measure due 
to the difficulties mvolved in making controlled crosses in many of 
these species These plants all produce small flowers that are dif- 
ficult to handle in secunng controlled crosses for genetic studies 
Three of them, lettuce, cmcory, and endive, are composites, the 
flowers of which it is difficult, if not impossible, to emabciUate, and 
this makes controlled crossmg for genetic studies especially difficult 
The drawings m figure 1 show the structure of a lettuce flower, 
which IS typical of the small-flowered composites Smee the anthers 
dehisce, or shod pollen, before the stigma appears beyond the sheath, 
it 18 necessary to remove the pollen from the stigmas and styles m 
order to obtam hvbnd seed from cross-pollmation 
The method of removing the pollen oy means of a fine stream of 
water, first described by Ouver (4),‘ is generally employed By care- 
ful washing with water when the individual florets have reached the 
stage of development shown in figure 1, £>, it is possible to remove the 
pollen from the stigmas of most of the florets withm the head Bv 
applying the desired pollen to heads depolhnated with water, a huh 
percentage of hvbnd seed may be obtamed from the 15 to 20 oviJm 
within a flower head A knowledge of the inhentance of a number of 
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characters that could be identified in the first generation would greatly 
simplify germ-plasm studies in this group of plants. Many problems 
in disease resistance and environmental adaptation in the salad crops 
are awaiting solution by geneticists and plant breeders, and there is 
need for extended research in this field. Although limited in extent 
as compared with that on some other crop plants, noteworthy work 
in practical plant breeding has been done in the salad group. 


LETTUCE 

Lettuck is the most important salad plant and one of the most 
important of the vegetable crops. The present commercial crop has 



Figure I. — A, The lettuce flower head a few hours before openuig. B, A longitudinal 
beclion through a flower head just before opening, showing structure and arrange- 
ment of the individual florets within the involucre. C, An individual lettuce flwt 
removed from the head, showing the floral organs. At this stage, a shm tme befm 
full opening, the stigma is completely enclosed by the anther sheath. D, lyi ^ 
dividual lettuce floret a few minutes later than C. The rapidly elongating style has 
forced the stigma through the ape* of the anther sheath. The anthem have already 
shed ptdlen, and some of the grains are lodged among the slylar bristles. 


an annual value of about $ 28 , 000 , 000 . I^ettuce is in demand at all 
seasons of tho year and is probably grown under more vanm condi- 
tions in greenhouses and in hold emture than any other vegetobl^ ^ 
Cultivated lettuce is known to botanists as Laduca xj, llus 
species has never been found in the wild state but is generally supposed 
to have been derived from the wild species L. scarwla L , which is now 
widely disseminated and is a troublesome weed in many f 
United States. Lettuce is native to India or central Asia The 
of its introduction into Europe is not known. It is o"®, 
of the vegetable crops. The records of Herodotus, ^my, Hippo- 
crates, a^ Aristotle indicate that it was grown as a p^den plant m 
ancient times. It was reported in China as f * 140 Z 

A. D. Mention of it was made by Chaucer m England m 1340 ^ H 
was introduced into America from Wope soon after ^® 
were established. Sixteen vaneties were listed as bemg grown in 
American gardens in 1806 . 
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Fonnerly the w^tem crop consisted almost entirely of strams of 
the variety New York or Wonderful Much of the acreage formerly 
planted to this vanety la now devoted to the disease-resistant Impenal 
strams 

Until recentlv the eastern lettuce crop consisted almost entirely of 
the butter-head vaneties Big Boston and White Boston, also known 
as Unrivaled In New York, New Jersey, and the Carohnas the 
butter-head vaneties are bemg rapidly replaced by strams of cnsp- 
head New York and the Impenals 
Theie would no doubt have been a more complete change from 
butter-head to cnsp-head type m the East except for the fact that the 
California strains of cnsp-head lettuce have not proved to be adapted 
to most parts of the East 

This sWt from butter-head vaneties such as Big Boston to the 
harder head type of lettuce has resulted from consumer dcm^id 
The consunung public has come to prefer the cnsp-textured lettuce, 
and jobbers and dealers find that it stands handling and shipment 
better than the more delicate butter-head vaneties It has become 
difficult for eastern growers to find a market for the Big Boston type 
when the market can be supplied with the crisp New York or Wonder- 
ful type 

Cos or romaine lettuce has nevei been popular m Amenca, although 
it has long been prized by European gardeners and is grown in home 
gardens m this country to some extent There is a limited market for 
this type of lettuce among the foieign population of the larger cities 
Although cos lettuce is coarse in texture, the best vaneties aie of high 
<Klible quality, lacking the bitterness so often present in other typos, 
especially in some of the cnsp-head vaneties 
The production of loose-leaf or bunching lettuce is largely confined 
to the home garden and to greenhouse culture dunng the winter 
mout^, when there is considerable demand for this type of lettuce 
in some localities 

Greenhouse production of lettuce, which at one time constituted 
an industry of considerable impoitance, has declined rapidly as held 
production in the South and West has expanded Fresh field-grown 
lettuce can now be obtained at all seasons of the year A considerable 
quantity of lettuce is grown under glass during the wmter months in 
the sections around the southern shores of the Great Lakes and near 
Boston, Mass The leaf vanety Grand Rapids is the most im^rtant 
vanety around Cleveland, Ohio The butter-head vanety Belmay 
18 the leading sort in the Boston section 

Bistort ot xHa Important Lettuce Varieties 
When Tracy (ff) published his doscnptions of Amencan vaneties of 
lettuce m 1904, more than 100 distinct vaneties were recomu^od 
Smee that time numerous new names have been added to the mt 
Until the recent introduction of disease-resistant strains, to bo dis- 
cussed later, the commercial lettuce crop in the United States in- 
sisted largely of two or three vaneties Most of the lettuce reac^g 
the markets from the West consisted of the crisp-head va™ty New 
York or Wonderful The eastern crop consisted largely of the butter- 
head vaneties Big Boston and White Boston 
188904'— 87 ^22 
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Cnap-Head Vanettes 

New York or Wonderful is a very large, dark-men, solid, late, 
cnsp-head vanety It is the most widely used of all lettuces and has 
been used as a parent in many of the recently developed strains The 
variety was first named and introduced by Peter Henderson & Co 
m 1896 Its parentage is unknown 

New York No 12 is an early strain of a lighter color than the 
standard vanety It has been one of the most widely adapted ensp 
head strains in the East It was developed by pure line selection 
from New York and mtroduced by the Pieters Wheeler Seed Co 
New York Special No 41 is a strain of the New York vanety mtro- 
duced m 1927 by the Ferry-Morse Seed Co , of San hrancisco, Calif 
It was obtained by pure-hne selection from the New York vanety 
It IS especially adapted to conditions m the Impenal Valley 
Impenal I is one of the best of the strains of the New York type 
resistant to brown bhght and mildew It was developed by Ivan C 
Ja^er, of the United States Department of Agncultiire, from a cross 
of New York by a cos vanety It was released in 1930 Impenal 
F 18 now an important vanety m parts of the West where brown 
bhght and powdery mildew are prevalent 
Impenal 615 is a onsp head lettuce resistant to brown bhght, de- 
veloped by Ivan C dagger from across between New York and a cos 
vanety It was first mtroduced m 1934 and has met with general 
favor 

Impenal No 260 was mtioduced m 1929 by the Ferry-Morse Seed 
Co It was obtained by pure-lme selection from dagger s Impenal 
No 3 It IS a umform, widely adapted, disease-resistant stram of 
Inmcnal 

Hanson is a yellow-green cnsp-head vane^, a reliable cabbage- 
heading sort, apparently introduced by the Henry A Dreer Co , of 
Philadelphia, Fa , about 1875 Its parentage is unknown 
Mignonette is a dark green, redcfish-brown, ensp head vanety of 
high quahty but too small for a general market lettuce it is of un- 
known origin and was first named and mtroduced m 1895 by Peter 
Henderson & Co 

The Iceberg vanety (which should not be confused with the New 
York vanety, often marketed as Western Iceberg), is a slightly 
pumented, yellow-green, cnsp-head vanety It is one of the most 
reliable of the cnsp-head types for summer Iceberg was mtroduced 
from Europe and named by W Atlce Burpee & Co , of Philadelphia, 
Pa , about 1894 

Malta or Drumhead is one of the largest of all lettuce varieties 
It IS a coarse, hght-green, cnsp-head vanety formmg a loose head, of 
unknown foreign ongm, introduced about 1850 

Denver Ma^et is a very hght green cnsp-head vanety first mtro- 
duced by F Barteldes & Co , of Lawrence, Eans , m 1890 Its 
populanty has been hmited to Middle West 
BuUer~Head Vanettes 

Big Boston IS the leading butter head vanety It is grown m 
Europe as Trocadero It has glossy, entire-margmed leaves tilled 
with reddish brown Its parentage is unknown, but it was met 
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named and mtroduced by Peter Henderson & Co in 1890 Until 
recently Big Boston was the leading variety in the East 

The variety Wlute Boston or Unnvaled may be described as Big 
Boston lackmg the tinge of red anthocyamn pigment and having 
slightly lighter green leaves It was first introduced in tins country 
in 1902 It IS believed to be identical with the innety listed by 
Vilmonn-Andneux & Cie , of Pans France as Sans Ilival 
White Boston Cornell No 43 is a large dark-green strain of White 
Boston developed by the New York College of Agnculture It 
seems to be well adapted for conditions in New York State 
The variety Salamander or Black Seeded Tennis Ball is one of the 
most popular of the butter-head vaneties It is one of the oldest 
vaneties of lettuce grown m this country Its parentage is unknown, 
but it was mtroduced from Europe about 1850 
Deacon, one of the older of the Amencan vaneties of lettuce of the 
butter-head type, is distmgmshable by its pecuhar light gray-green 
color and its very spreading habit of growth The vanety was 
named and mtroduced by the Joseph Hams Co , of Coldwater, N Y 
m 1879 

Wayahead, a more recent addition to the list of lettuce vaneties is 
a small, early, bnght-green, butter-head vanety said to thnve under 
extremely adverse conditions It was named and introduced by the 
W Atlee Burpee Co , of Philadelphia Pa in 1908 
Behnay is the leadmg greenhouse ^ anety m the Boston area It is 
a downy imldew-resistant butter head vanety carrymg a tinge of 
reddish brown It was developed by the Massachusetts Agncultural 
Experiment Station from a cross between May Kmg and the old 
reliable forcing vanety, Hittinger Belmont It was mtroduced in 
1928 The vanety is discussed later in tins article 
Looae-Leaf or Bunching Vaneties 

Grand Rapids is the most popular of the so-called loose-leaf or non- 
heading type It IS quite hardy and well adapted for greenhouse 
culture, but not so well suited for growmg out of doors Grand 
Rapids was originated and named by Eugene Davis a market 
gardener of Grand Rapids, Mich It resulted from selection from 
the vanety Black-Seeded Simpson The vanety was first intro- 
duced mto the seed trade m 1890 by D M Ferry & Co of 
Detroit I^ch 

Early Curled Simpson is a curly, yellow-green, nonheading vanety, 
one of the best of the nonheading sorts for out of door culture It is 
supposed to have oi^^ated about 1865 with a market gardener 
named Smipson, near Brooklyn, N Y , i 

Black-Seeded Simpson is a nonheadmg vanety smiilar to B^ly 
Curled Simpson, but larger and lighter green Peter Henderson & Co 
are said to have mtroduced the vanety about 1880 
Prize Head is probably the best of the loose-leaf or nonheading 
vaneties as reganm quality, but is not liked by many on account of ite 
reddish color, which develops especially dunng cool weather Its 

^ 18 unknown, but apparently it was named and mtroduced by 
Ferry & Co , of Detroit, Mich , about 1868 
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Cos or Rmnaine Varieties 

Paris White Cos is the most popular of the cos or romame t3rpe. 
As a salad lettuce tot the home garden it has no supeiior. It is among 
the older varieties grown in this country, having been introduc^ from 
Europe about 75 years ago, and is considered to be a good variety for 
warm weather 

Dark Green Cos is similar to Pans White except that the leaves are 
a darker green Its parentage and origin are unknown, 

Leituce Breeding 

The different producing regions have had theu: specific problems for 
the plant breeilor The lettuce industry in some parts of the West, 
the Imperial Valley of California in particular, was at one time 



Figure 2 — Lettuce plantB bagged to prevent uniuntrolled pollination Breeding plota 
in the Imjienal Vdle/, Cahf. Palm trees in middle disunte. 

tliicatened with rum by the ravages of two diseases, blown blight and 
powdery mildew A notable example of piactical plant brewing is 
tlie development of the mildew and brown blight resistant Imperial 
strains of lettuce by Ivan C. dagger, of the Unil^ States Department 
of Agriculture, cooperating with the California growers and shippers. 
These strains have remade the mdustry in some sections of the West. 
They are of the general type of the popular and widely grown variety 
New York or Wonderful, and in addition to their resistance to disease, 
each shows special adaptation to certain regional and climatic condi- 
tions in the West The breeding work was started in 1923 at Chula 
Vista, Calif. A lettuce-breeding plot in the Imperial Valley is 
illustrated in figure 2. 

The strains resistant to both mildew and biown blight were mven 
a letter in addition to the name Imperial, dagger’s other strains nave 
been identified by numbers. The first brown blight-resistant strains 
released were obtamed by selection from the variety New York. 
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The mildew-resiBtant strains weie obtained by selection from material 
resulting from crosses between the New York variety and Euronean 
varieties found by severe tests to be resistant to mildew In some of 
the most important lettuce-growmg sections of California these 
strams now constitute 90 percent of the crop 
Imperial F has already been described Imperial 13, mtroduced 
m 1932, was selected from hybrid matenal from a cross of New York 
with the French variety White Chav^e Imperial 152 and Imperial 
616, mtroduced m 1934, and Imperud 847, released m 1936, were all 
derived from a cross between New York and a cos variety 
One of the serious problems of eastern lettuce growers is the lack 
of ensp head varieties of the Now York or Wondeiful type that will 
thnve under eastern soil and climatic conditions The lack of vane 
ties adapted for the East is explamed by the fact that Cahforma not 
only grows more of the commercial lettuce crop than any other State 
but produces almost the entire seed supply for the Uniteil States 
This concentration of the production of lettuce seed in California 
has resulted m the buildmg up, throi^h a long peiiod of selection, 
of seed stocks especially adapted to western conditions but not to 
other sections of the country Western cnsp-head vsnetics almost 
always fail when tested in the East 
Breedmg mvestigations for the purpose of developing strains of 
head lettuce of the New York tTOe adapted for eastern conditions 
was begun by the wntcr in 1 928 The work was begun at the Arling- 

ton Experiment Farm, Aihngton, Va , and was moved to the Umted 
States Horticultural Station at the National Agmultuial Research 
Center, Beltsvdle, Md , in the spnng of 1935 The first strain re 
suiting from this project was released under the name of Columbia 
No 1 m the spring of 1936 A similar but earlier strain was mtro 
duced in the fall of 1936 as Columbia No 2 These two varieties wdre 
selected from matenal obtamed from a cross made in 1928 between 
the vaneties New York and Hanson Their chief mont is their 
adaptabihty to sod and chmatic conditions in some parts of the East 
A third strain introduced in the fall of 1936 as Cosberg is a distmctly 
new type of head lettuce resultmg from a cross of the varieties Iceberg 
and Pans White Cos Tnal tests of Cosberg show it to be capable of 
produemg solid heads comparatively free of tipburn under conditions 
that result in severe tipburn in most vaneties that will head at a high 


temperature 

As the breedmg work at the Arlington Expenment Farm and the 
United States Horticultural Station has progressed it has become 
increasingly eviaent that the wide range oi sods and climate existing 
m the producing centers of the East will recjuire the development of 
strains especially adapted to local conditions For example it is evi 
dent that strains adapted for the muck sods of northern Now York 
State are not likely to prove smtable for the sod and climate of the 
Carolmas, and that strains adapted for the lettuce section of Flonda 
are not hkely to meet the needs of growers in Mass^husetts 

Within the last 2 years the Division of Fruit and Vegetable Crops 
and Diseases, m cooperation with the State eiroenmei^ stations in 
Now York, Massachusetts, New Jersey, and North Carolina, has 
undertaken the development of lettuce strains of the cnsp-head type 
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adapted for the particular conditions prevailing in these different 
sections The plan is to make available to the State experiment sta 
tions the breedmg stocks developed at the United States Horticultuial 
Station In this way it is beheved that the large amount of hybrid 
matenal now on hand can be used more effectively m securmg strains 
to meet the needs of the several lettuce growing centers m the East 
Plant breeders are beconung more conscious of the importance of 
local adaptation of vaneties in their crop improvement work The 
needs of widely separated production centers cannot be met by one or 
two strains of a variety No one strain is so cosmopohtan that it can 
admst itself to such extremes of soil and rhmate 
Growers of f,reenhouse lettuce also ha\e pioblems that have re 
qiiired the attention of the breeder One of these is the loss from tip 
bum This is a physiological break down of the tissues at the margins 
of the actively CTowing leaves The first appearance of the trouble 
18 charactenred by a breaking down of the marginal tissue between the 
larger vems The affected area becomes somewhat transparent loses 
Its green color and finally becomes brown or blackish The disease 
IS widespread occurring wherever lettuce is grown both under green 
house and field ( ulture but it is usually most destructive in green 
houses It 18 most hkely to appear if high temperature prevails wl en 
the plant is in an active stage of growth and especially at the time the 

S lant nears maturity Much loss is caused by infection of the tip 
urned tissues by fungus diseases 

The Ohio Agricultural Experiment Station has contributed to the 
solution of this problem by the development of a stram of Grand 
Rapids lettice resistant to tipbum This is a dark CTeen rapidly 
growing stram selected from the standard leaf vanety Grand Rapids 
and adapted for greenhouse culture 
One of the aims of the breedmg work bemg earned on at the Umte 1 
States Horticultural Station bv the Division of Fruit and Vegetable 
Crops and Diseases is the development of tipbum resistant strains for 
field production The Cosberg vanety already released is a step 
toward the solution of this problem 
Mildew 18 also a senous problem m the production of lettuce imder 
dass It has been met by the downy mildew resistant stram of Grand 
Rapids developed by Ivan C dagger m California and by the powdery 
mildew resistant vanety Belmay developed by the Massachusetts 
Amcultural Experunent Station at Waltham Mass 
The dagger stram of Grand Rapids developed from a cross between 
Grand Rapids and a cos vanety is a heavier stalkier stram than the 
standard vanety It was release m 1936 as Grand Rapids U S No 1 
Belmay is a butter head type of lettuce adapted for greenhouse 
foremg This is a mildew resistant vanety developed by selection 
from matenal obtamed from a cross between the May Kmg and the 
old reliable forcing vanety Hittmger Belmont or Hothouse The cross 
and prelimmary selection woik was done by V A Tiedjens while he 
was a member of the sti^ of the Massachusetts Agncultural I^eld 
Station at Waltham Its resistance to powdery mildew and its adapts 
tion for forcing has made it the leadmg vanety for greenhouse produc 
tion m the Boston area 
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CELERY 

Cblbkt ranks next to lettuce in importance as a salad crop. It was 
one time considered a luxury but is now a common item in the diet of 
many people. 

The ^ducfion of celery has increased rapidly during the last 10 
years. The commerckl crop now has an annual value of about 
$15,000,000. California, Florida, Michigan, New York, Now Jersey, 
Colorado, and Oregon produce almost the entire celery crop of the 
country. 

Celery (Apium grawoUns L.) is a biennial plant native to the low 
marshlands of southern Europe, northern Africa, and southwestern 
Asia. A wild form is native in the southwestern United States. 
Although the plant was known to ancient peoples, reconled history 
indicates that it was not used as an article of food until modem tinies. 
Its development as a garden plant began among the gardeners on the 
lowlands of Italy and spread to France and England. By selection 
the undesirable wild plant, long considered poisonous, lias been trans- 
formed into a crisp, sweet, appetizmg, and wholesome item of food. 

The commercial producing areas are even more liimted than in the 
case of lettuce. The production of the early yellow type of celery is 
centered in the Sacramento district of California, the Sanford district 
of Flonda, and the Kalamazoo district of Michigan. 

Winter or green celery is produced in the market-garden sections 
around Great Salt Lake, Utah, Denver, Colo., Boston, Mass., 
and the trucking sections of New York, New Jersey, Michigan, and 
Pennsylvania. History of Cblf.ry Varieties 

There are two distinct types of celeiy— (1) ycUow or summer celeiy, 
of which the variety Golden Self-Blanching is typical, characterized by 
its early maturity and ease of blanching, and (2) green or wmter 
celery, of which Giant Pascal is typical, maturing later and havmg 
greater weight and better quahty than the early yellow type. The 
yellow type can be blanched in the field as it stands in the row by 
excluding light merely by means of paper or boards. The green or 
winter varieties are more difficult to blanch. The plants must be either 
bonked with soil as they stand in the row so that only the tips of the 
leaves are exposed to light or the,y must be dug_ and placed in light- 
proof pits to destroy the CTecn coloring of the petioles. . 

Most of the old standanl celery varieties— such as Golden Self- 
Blanching, Giant Pascal, White Plume, and Winter Queen— are of 
unknown parentage and origin. 


Ydlow Varieties 

Golden Self-Blanching is one of the oldest of the yellow celery 
varieties. It has long been a standard variety in France and was veiy 
hkely introduced to the United States from Europe. Its parentage is 
unknown. For many years French-grown seed of this vanety was 
considered to be superior to American-grown stocks. Good stroms m 
American-grown seed are now available. There are both tall and dwarf 
strains of this popular variety. ^ 

Easy-Blanching is a taU yellow celery resembh^ Golden Self- 
Blanching but a fittlo later in maturing and having bright nch green 
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foliage It 18 claimed that Easy-Blanching is hardier and more resist- 
ant to bhght than Golden Self-Blanching 
TVhite Plume is the earhest and most easily blanched of all celeiy 
vaneties The blanched petioles are snowy white Most strains of 
this variety have the wea^ess of not keepmg well after digging 
Golden Plume is one of the best of the early vaneties It is some- 
what resistant to bhght and keeps well in storage The plants are 
medium m size, compact, and stockv It is earher, staJkier, and 
more vigorous than Golden Self-Blonchmg 
Some of the more recentty developed yellow vaneties mclude the 
yellows-resistant Michigan Golden and Curly Leaf Easy-Blanchmg, 
introduced by the Michigan Agncultural Expenmcnt Station in 1933 
and 1936, respectively, Non-Bolting Golden Plume, Golden Pascal 
Cnspheart, and Golden Supreme, developed and mtroduced by the 
Ferry-Morse Seed Co ^ ^ 

Orem ranettes 

Giant Pascal is one of the oldest of the green vaneties It is con- 
sidered the standard of excellence in celery The plants are tall and 
have nch dark-green foliage The large thick petioles when blanched 
m soil are tender and cnsp and have a nch nutty flavor It is prob- 
ably of European ongm 

Winter Queen is a dark green dwarf celery resembhng Golden Self- 
Blanching in habit of giowth It matures earlier and is more easily 
blanched than Giant Pascal It is probably an Amencan vanety, 
although its parentage is not known 
Fordhook is one of the best of the wmter celery vaneties, having 
good keeping qualities Ihe plants are somewhat dwarf in habit of 
growth, and the petioles are thick and heavy It was named and 
mtroduced by the W Atlee Burpte Co , of Philadelphia Pa , m 1915 
A recent addition to the hst of gieen \xneties of celery is Utah 
This IS a strain of wmter celery developed by the Chinese gardeners 
aiound the Great Salt Lake m Utah Ihe strim has also been called 
Chmese celery It is a green coleiy of high quahty a week to 10 
days later than Giant Pascal The vinety seems to be well adapted 
for some of the imgated sections of the West 

RtnbNT Ceiery Improve men r 

Celery groweis look to tlie plant breeder for the solution of some of 
their most senous problems Among these are the celery yellows 
disease, premature seedstalk development, pithmess, and obtaining 
earher matunty 

Some of these problems have already been attacked by plant breed- 
ers and much has been accomplished in reduemg losses 
Celery yellows flrst became a senous disease m Michigan It was 
first ob^rved there m 1914 and has since been found m Ohio, Pennsyl 
vania, New York, New Jersey, Massachusetts, and Connecticut 
Only the yellow celery vaneties are susceptible, the green vaneties 
bemg immune Plants bavmg the disease lose their normal color and 
become stunted, the tissues are bnttle and have a bitter taste The 
disease is caused by a species of Fusanum which remains m the soil 
and gradually becomes more abundant as celery is grown on the same 
land year after year 
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The first attempt to TOlve the yefiows problem by breedmg methods 
was initiated by G H Coons and Ray Nelson, of the Miehigan 
Agncultural Expenment Station The work was later earned on 
by Ray Nelson and L C Cochran The fiist strains released were 
resistant to yellows but were found to be too green to blanch easily 
In 1933 the Michigan Golden Yellows Resistant strain was mtroduced 
It was obtamed by selection of yellows-resistant plants from a tall 
stram of Golden Self-Blanching 

The Michigan station has also introduced a yellows-resistant 
selection from the Newark Market vanety It was released in 1936 
as Curly Leaf Easy-Blanching 

Some strams of celery shoot to seed prematurely if the plants are 
subjected to low temperature dunng the early growth period In 
seasons when cold weather prevails after the plants have oeen set in 
the field or m cases where the seedlings in the plant growing bods 
are subjected to low temperature, a heavy loss results from premature 
seedmg Emsweller (S) demonstrated the possibihty of avoiding 
this trouble by breeding nonbolting strams 

The new Non-Boltmg Golden Plume vanety, developed by the 
Ferry-Morse Seed Co , and introduced in 1936, is a step toward the 
solution of this problem The new stram was obtained by pure- 
hne selection from the vanety White Plume The chief raent of the 
stram is its resistance to premature seedstalk formation under con- 
ditions that induce early seeding in many of the commercial vaneties 
of early celery 

Pithmess in celery, a condition in which the parenchyma cells 
collapse, resulting m hollow spongy petioles or stalks, has been 
shown by Emsweller (If) to be an inhented character The estab- 
lishment of the genetic basis of pithiness paves the way foi the 
development by scientific breedmg of strams free from this undesirable 

The supenor quahty of green celery of the Giant Pascal typo has 
long been recognized ()n the other hand, the early yellow celery 
has the distinct advantage of being much more easily blanched than 
the green type A celery combining the high quality and heavier 
stalks of the green celery with the early matunty and easv blanclung 
characters of the yellow type would be a worth-while breeding 
accomplishment The Ferry-Morse Seed Co claim to have 
approached this m their new strain of Golden Pascal It is a dark- 
green selection from Golden Plume 

The New York State College of Agnculturo has investigations 
on celery breedmg and genetics in progress but has as yet released 
no new strains 

GENETICS OI- SALAD CROP PI ANTS > 

Veby httle IS yet known of the inheritance of chai actors in the salad 
crop plants Some mvestigations have been made on the mlientance 
of certain characters m lettuce and in celeiy, but the genetics of only 
a few of these is known as yet 

• Thb Motion IS written primtwUy for sfndente and othen irofeMlcnslIy interested In breeding or 
genetics 
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Lettccb 

The most comprehensive study of the germ plasm of a salad crop 
plant 18 that made on lettuce hy Durst (/) His investigations 
included the inheritance of plant height, time required for flower 
production, habit of growth, anthocyamn m the leaves and ray 
flowers, pnckles on stems and leaves, seed color, leaf length, leaf 
width, and leaf area Both cultivated vane ties of Lactuca Botvoa and 
the wild form, L aeanola, were used in his studies 
Durst found anthocyamn in the leaves and ray flowers to be m- 
hented as a single factor donunant to the absence of the pigment 
Black seed behaved as if mherted via a single factor dominant to 
white seed Pnckles on the midnb of the loaves and on the stems are 
also inhented as a single factor dominant to the absence of pnckles 
The mhentance of lobed leaves charactenstic of some forms of the 
wild species Lactuca scanola is apparently controlled by complemen- 
tary factors The Fj progenies from crosses of lobed with entire- 
margined leaf types gave approximately nine lobed to seven entire- 
margined 

Leaf length, leaf width, leaf area, time required foi flower produc- 
tion, plant heiglit, and habit of growth behaved as quantitati\e 
characters, and their mhentance is controlled by many factors 
Thompson® has determined the mhentance of certam color 
characters in lettuce A report is made on the mhentance of three 
distinguishable anthocyamn pigment types in the leaves, of dark- 
green and yellow-green chlorophyll color, of seed color, and of a 
chlorophyll deficiency that does not foUow Mendelian mhentance 
The three anthocyamn pigment types m the leaves of lettuce 
studied by Thompson were the full red type charactenstic of the 
vanety Mignonette, the spotted type charactenstic of the vanety 
California Cream Butter, and the tmged type charactenstic of the 
vanety Iceberg 

The mhentance of these three anthocyamn types was found to be 
controlled by a multiple allelomorpluc senes of three genes and two 
pairs of complementary genes The presence or absence of the 
pigment is controlled by the complementary genes and the mtensity 
and pattern by the multiple allelomorphic senes 
Dark-green chlorophyll coloi, charactenstic of the vanety New 
York, was found to behave os a single factor dominant to the gene for 
yellow-green charactenstic of the vanety Hanson 

Studies on seed color confirm the results obtained by Durst that 
black seed is due to a single gene dominant to the gene for white seed 
The chlorophyll deficiency m the leaves of lettuce studied Iw 
Thompson was found to be non-Mendehan m mhentance The defi- 
ciency was inhented only through the deficient portions of the mother 
plant, and its mhentance was not affected by the t3^e of pollen apphed 

Celery 

The mhentance of pithmess m celery has been studied by Emsweller 
(£) in the vanety Utah Emsweller isolated inbred lines from this 
vanety that were homozygous for sohd petioles free from pithmess 


• Taoiinoii R C oiinTicBaLAnomorsOHBCOLORrACTOBaiKUTTUCx (In manusenpt mtnnled 
furpabliGationuU S D«pt Agr Tech Bull) 
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Progenies from heterozygous hues segregated approximately three 
pithy to one nonpithy The results obtained indicate that pithiness 
in celery is controlled by a single factor, dominant to the rccossn e 
condition of solid or nonpithy petioles 

It should be noted hero that the problem of pithiness in celery was 
practically solved by Sandsten and 'White (5) in 1900 They ob- 
served that certain stocks of plants of the ^ anetv Golden Self-Blancli- 
ing from different sources voiied neatly in the peuentage of pithy 
plants produced Sti ains of both Amencan- and 1 reni h grow n stocks 
were tested Lots fiom the French-grown see<l showed much less 
pithiness on the average than lots from the American-grown seed 
^me of the hrench stonts were entirely free of pithiness, which White 
and Sandsten, who reported the woik, attnbiited to more cnieful 
selection of seed stocks by French gioweis Although Sandsten and 
WTiite s results strongly indicated an inheiiteil difference in stiums 
in respect to pithmess, they failed to caiiy their investigations far 
enough to show a definite genetic relationship 

Premature seedstalk development in ctleiy has also been studied by 
Emsweller (5) The vaiieties Grolden Plume ami Golden belf-Blanch- 
ing weie used Emsweller was able to isolate strains homozygous for 
the nonbolting habit, which would not bolt undei conditions causing a 
high peicentage of rolting in other strains He was able to isolate 
some lines that were strongly annual in then seeding habit, some 
plants of which seed prematurelj e\en under favorable conditions for 
vegetative growth 1 1 is ident from his results that premature seed- 
stalk dev elopment in celery is inherited He concluded that nonbolting 
18 a quantitative recessiv e character The influence of cuv iionment on 
the expression of the bolting character makes genetu analysis of it 
difficult 
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OF VEGETABLE CROPS — 

APPENDIX 

VICTOR R BOSWELL, Pnncipal Horticultnrwt, 
DiTiBion of Fruit andVegetable Crops and Diseases, 
Bureau of Plant Industry, from survey data sub 
mitted fay domestic and foreign investigators 


A Ht appendix to these articles on vegetable improvement consists 
of four tabulations of information as follows 

1 A list of vegetable varieties developed by State and Federal research agencies 
and releas^ by them for commercial use 

A list of vegetable strains, varieties, and breeding stocks 
the same that are m the hands of State and federal research workers and 
which have some special merit, or arc of practical or theoretical interest as 
breeding material It should be noted that material listed m table 1 is not 
repeated in table 2, although praotioady without exception introducers of van 
eties all maintain some stock of their introductions fable 2 should properly 
include all material listed in table 1 

3 A list of vegetable breeding and improvuncnt activities in the United Staten, 
by States and crops 

4 A brief summary of vegetable breeding and improvement activities in 

e United States 

The data in these tabulations and summaries were obtained through a question 
naire sent to nil vegetable crop research agencies in this country and to a large 
number in other lands The writers of the present articles are grateful for the 
generous help of their fellow workers, both here and abroad, in making this 
compilation possible Despite the great amount of data submitted and the 
generous response to our requests it is known that these appended tables do not 
contain all of the data that could well be included borne of the workers inter 
rogated were perhaps too modest to list certain cultures as being important or 
of interest to others, others were aduuttedly too pressed by other matters to 
prepare a detailed list of their material and activities But even though the 
data are incomplete, the reader will find clues to nearly every kind of vegetable- 
breeding matenal that is available and leads to the numerous investigators who 
are engaged with the hundreds of breeding and improvement problems that are 
receiving attention today 

The writers hoped that it would be possible to mclude similar tables of 
information relating to private work by commercial seedsmen The immen 
sity of the task of detenninmg the ongm of the hundreds of varieties made 
it impossible A few commercial firms keep rather complete records of the 
parentage and dates of their introductions, but most do not The major role 
that has been played by private agencies has been repeatedly referred to in these 
articles, and acknowledgment made to individuals and firms wherever pertinent 
information could be included It should thus be clear to all that no discnmi- 
nation is intended by the omission of more extensive data on commercial 
contributions Unfortunately, justice cannot be done to such a task within the 
space available here# 
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Inters iriel il tr k>s nnd pure lina <w)ectioi I r ini 
proxed >ield 1 1 1 adaptabihty to Illinois unlitluns 
Innetitanoet trnwmic notnraofhybrid\iMrinm»srv 
of mbrod Iine^ Prnduoti n olWh ytol 1 an 1 a lal 


InterxanetaF cmasinK and vieolinn f r hit-h luil 1\ 
toniatoys adapted to I mi 

Nataro of lobenlance of apeciflo qualit I xo f ctors 
deUrmination of linkage relatnni indue ng an! 
studying Inherilanii of new variants studv I p I> 
ploid fonna and e>*ulogy tberex t 

Improx ng yield and unlfonnuy through crossing of 
inbreds dex elope t fkom ooinmerrial xanetias It 
hentanoe of resist tnee to drought and bacterial n ilt 

Inbreeding an I selection to obtain straini < f supent r 
market x alue an I r rodui tix ity a lapte I to J on sjana 
conditions 

Crosblng of inbrel lines to attain otlectixes tiled 


attain objeelixes stated aboxe 
IliU unit selection and isolation of mutants to in 
stocks and obtain new sorts of spotifl xeliie 
starch manufacture 


(k M <lurfaoe K Sax) 
H C McPhee (k V 
Oaen) I M Burgess 


Maryland 

CanWwp saeet 


Selection for quality yield and adaptatii n 


Study of natural selection in suooessixo generations of 
sweet X dent com cross Development of xan 
etiea and hybrid sweet corns from tnbreds from sw eet 
X dent crosses Stndle of hvbndiratlon technique 

nybndizatlon an 1 selection for quality yield, and 
adaptation 

Early work on selection for disease resistance 

Selection and crossing selected plants to stu ly trans 
mission of yielding ability 

Development of superior strains of Pascal through In 
bred selections 

ITybndixatlon and ssleetfon to obtain crisp heading 
V aneties and greenhouse types for Massachusetts 
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Tabib 6 — Rnent vegsuMe breeding actuates of State and Federal agmcies 
in the United States — Continued 


State or department 


[icliigsn ( 01 
Celery 


Rhubarb 

Tomato 


Fnplrat 
Tomato 
New Jersey 
Tomato 
New Mexico 
Omon 

Now York (Cornell) 
Bean (cWy Held 

types) 


Lettnoe (coo 
turn with D 


Inbre 1 selections fcr an. iter fruit length in Nation il 
Pickle 

Inheritance of netting anl stenhti Honey Rock 
inbre 1 selections for hard rln t an 1 ropy net for 
thick flesh and high soil Is \ arietal crosses and 
backrrossee involving Hale Beat Honey Dew 
Honey Rock Emerald Qem Champlain anl 
Hearts of Oold tor improted quality appearance 
and alaptability of specific new combinations of 
Characters 

Root selection for short top uniformity shape and 
color in boarlet Qlobe 

Inbreeding hybrldiralion anl selection tor re 
aistanoe to Furopean corn borer tolerance to bac 
terial wilt end high canmng quality Develui 
ment of desirable inbred pollen parents 

in At eahinaton strains to Improve yield 


Inheritance of several qualitative ai 


aenetic and cytological study of cabbage X radish 
and Bnusels sprouts X cabbage hybrids 
Selection otsuiierlor strains through Inbreeding 
Inheritance of a number of qualitative and quantlta 
tive characters moludlng pWt height detenninate 
growth and study of shape correlations 
Vanetal crossee and selection to develop fusarlnm wilt 
resibtaoce Inhentanoe of qualitative factors in 

Inbentanoe of several qualitative and quantitative 
characten, studlea of shape oorrelations 
Inbreeding selection hybridisation tor Impcovmg 
petiole color and quality 

Inherftanoe of growth hsMt, time of rlpemng (Cult 
sise Effect of polyploidy on eoonomio characten 
Study of certain linkages 

Vanetal crosses and selection to obtain earlier sorts 
adapted to Northern States 
'election of locallr “■ — 
hybrid vigor in 
Vanetal crosses bacJtc 
ing yield color and 
Selection of Spanish types tor improved quality and 
adaptability to the Southwest 
Hybndlsstion of varieties followed by pedigreed selec 
tion lor development of disease r^tant vrarietles 
— *- B^^flo diseases Minor 


attention to inheritance of otl.. 
(Farly work on Inheritance 
quantitative charaoten ) 


qualitative and 

[mn^ng V arietyumfacmity and quality by selection 
Developing new and supsnor combinations of 
charactei^y hybridisation and selection Inherit 


cauUflowar bmssels sprouts, kale kohlrabi and wild 
cabbage for cytogenetic study 
Inheritance of color sire shape, and toughness of 
petlotas reaistsnos to yellows 
Set^on within hybrid .progemes a 
Improved heading quauty sod tip 


;K Vellingtrn J \V 
Bushnell B f Tap 
ly) F A Krantt, 
I M Currence \ t 
Hutchins assists 1 by 
1 O leach T M 
McCall T S Beir 
M J Thompson 


o D Reddick (M 


O H Myers B 


J F Knott (J B Hart 
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in the United \tates — Continued 
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Table 6 — Recent vegetable hreedwM actuacm of State and tedend agencies 
in the Unuea Static — Cimtinued 




Cnuntr) institution an I 


a Sydney H Wen 


Beet nlvw orobard 


Nature of St u lie 


A laptatjon studies of foreign introductions 
Hybrlduation and selection for higher yield better 
adaptation and resistance to bacterial blight 
antnraonose mosaic and dry root rot 
Canadian Wonder XRefumH 3gU(U S D A ) 
and Canadlu Wonder X Morunt^aimptomislnv 


filed early bUght resistant hybrid 
New \anety introdnoed Hawkeebury Wonder 
from Tweed Wonder X Keeney Refugee 
Best yielding vanetles are Canadian Wander 
(standard) Hawkesbory Wonder, Staley s 
Brown Beaufy, and Staley Surprise 
LooaUon Hawkeebury Agrlooltural College Bath 
urst and Qrafton Experiment Farms 
Selection In self fertile and close-fortilleed lines for 
Improved quality and yield 
Best lines to date are from Rapid Red Ohio 
Canner, and Detroit Dark Red (from United 


Begun 1»30 

Location Yanco Experiment Farm 
Introduction of foreign vanetles testing strain 
selection and punfloatlon of adapted oommeroial 
types No controlled pollination used but 
natural hybrids utilised when of value 
Location Bathurst Experiment Farm 
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Table 7 — Vegetable breeding and improvement uork in foreigfi countries — Continued 



Intro luction of toreikn vnrietieb toetmn a*aii st 
locU varietiH) Vlab tordhoolc and Fascil 
(oommertial United States) and inbieds of 
uol Ian Phenomen il Golden Self Blanchmt. an I 
Golden Flume (Collfcmia AKricuItoml Kxpen 
ment Station) were mo tpromismn 
Varietal ere samg and salettun for improvement of 
uniformity and adajitability of oommeriiil 
sheinK anl of apple types inbreeding for 
mildew renstance attempta t< cross Cucwnii 
tabtut (suscei tible) with C anyvrla and C me 
tuUferut (resistant) f ule 1 

New varety iirtducel Richmond Green Ante 
by crossing rommerci'J X Apple 
Location Hawkesbury Asricultural College 
Introduction and aHptation studies of foreign 
varieties toll wed by selection and breodini. 

Best intro luitions for vnoUx cn p Imperial P an 1 
Imperial 618 (U 9 11 A ) for summer, Icel on, 
(United States) and Imperial F Local tanety 
Yammnndi is a pure green selected from an 
Iceberg stock some resistance to slimy heart 
I ocatlnn Hawkesbury Asncnltural ( oUms 
I ntroduction and slaptation studies of foreign 
varieties (United dtates best source of matcri il 
bpanish Gold a Honey Pew type from France is 
promising) Vanetal crossing and selection for 
resistaooe to powdery mildew using the Csl 
forma U B D A mil low resistant strains w th 
susceptible sorts of hisb qiuhty also seekiub 
downy mildew resistance 
I oration \ anco > iperiment Farm 
Objects To obtain earli r litter storing more 
attrictivF adapted strims ft e from bolting and 
hick necks also tes tance to thnps an 1 disea c 
Oommant vanetics grown Hunter River Brown 
and Maitland White 

location Bathurst Erpenment Farm an IHawl IS 
bury Agricultural Colli ge 
Vanetal hvbndiution and ulectlon f r good agro 
nomio Characters plus resist ince to Fiuermni 
merfiiand Afgcoemarrrffa pinoifu 
Mmtpromlslnghybnd IS Yorkshire UeroX Gr cn 

Location Hawkesbury Agricultural College Bath 
urst and Yanro Fxpenment Farms 
lusting and s lection from large number of intro 
ductlons varieties and stra ns for large see led 
Valencia or Virgmia type with light pink seed 


Grafton Experiment Farm 
Introduction selection and hybridisation to ob 
tain well adapted high quality vanoties of nnl 
form sue and shape 

Varieties released Ideal Batisfaotiin and two in 
trodnctlons from the United States, Kitchenette 
Hubbard (Minnesota Agrioalturai Experiment 
Btstion) and Table Queen 
Location Grafton Experiment Farm 
Hvbrldiiatlon and selection to obtain high vlclding 


New variety prodneed Hawkesbury Sugar from 
crossing dent and sweet types 
Location Hawkesbury Agncultnral College 


Froduetlon of seedlings ftom which desirable seleo 
tlons may be made Bceda obtained from more 
tropical countries Extensive introduction of 
foreign varieties 
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Table 7 — J egetable breeding and improvement uiork in foreigfi countntt — Continued 
Tountry in tltut nn ml ^ 


Plant Breed ng Initituti of 
i uist Lichtenstein Le 1 
nice Fr Fnmmel director 


Denmark (Reported by 


The Experimental and 
Research Station 
Chesbont W F B«w 
ley.dlreotor 



Other yegetables 


Broccoli 

Brucsels sprouts 


onions I 

rooted oelety 
Research stations in Denmark are chiefly engaged 
in variety strain and stock testing or seed control 
work Vegetable improvement work is being 
dona by ommercial agencies the resulting strains 
* — iibmitted to Qovernment agencies for 
' ^ t-.— goinjf uito trade o' 


cold I 


A Han ens Eastrup— Cabbage canhflower 
sp nach rad sh and carrot 
Chr Olsen Odense— Cabbage cauliflower 
kale bru sels sprouts radisb carrot lettuce 
teleriac sp nach 

J ( Helm Petersen * Co Aarhus— Cabbage 
carrot beet sj loach turnip rooted parsley 
J F Ohlsens P nke Copenhagen ( abbage 
brussels sprout kale celery raiish greenhouse 
lettuce spinach tomato peas snap beans 
Hybriluatlon work with tomato search (or 
velvet ^s^ resistance Hybridisation with 

njalmar Hartmann & Co Copenhagen — 
Cabbage and cauliflower 
Union o( Danish Cooiierattve ‘locleties Taas 
trun— Pure line selection of beans and peas 
Hybridisation an 1 progeny testing of oabb ge 

._j _i.wi — prtMy testing 

r . y radish lettuce 

and tomat 


of omen turmp ro 


England having different weather 

Ob]^ of work to obtain varieties with small 
sprouts for canning or sneoal markets and van 
eUM adapted to special conditions such as ten 

Farly winter hardy varieties are sought 
Prodnotlon of Fnglish types for snrmg sowing and 
Spanish types i^pted to England 
Production of half long smooth white varieties 
for commercial use 

Production of new sorts lac oanmng hardy types 
for fall planting and muitlpodded types 
Improved varieties produced have been prl 
vstelydiitributedto supporters of the work (sub 
Bcnbers) and are not on the market 
This station deals only with greenbonae crops 
Breeding for a short necked disease resistant 
variety 

Breeding for short day types for winter culture 
Breeding for high yield quahty and resistance to 
C^ttdoipormm fubnim 

Productions are distributed first to subscribers 
who support tbs research, later to general public 
Tomato E 8 1 and Cheshunt Early Giant 
lettuce are m general cultivation 
Intervarletal and Intertype hybridisation to obtain 
succecslon of maturity sorts both earlier and later 
than those available Rosoolf Cormah Angers 
and Italian strains being used In breading 
although only first Sareatpresentadapted to the 
environment Some promlmng hybrid progenies 
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Tabuc 7 . — VegetMe breeding and improeement work in fitreigfi countnet — Continued 


Conntry invitation, a 


Nut ire 1 1 Vii lies 


Mexioo, Institute Bloterni 
00 work St numeroua 

locations Reported I y 



Nortray Oovemment En 

pennient Station in \ Bge 

table Culture Kvrthamar 
bt Jordal A IT Bremer 
director (This station 
suooeeded thefonuerinsti 
tution known as The Gar 

dsn Cultivation Fnenda 

Expenment station in 
ISIS) 


Otl er \eiEetahles 


Mu Lmelon 


nisbed by Prof Oiav 

Moen.ofthe 

HIghtoool,. 


Cabbage 

Pea 

Tomato 


from Spanish variety of I’ht 
oroesed with Mexican variety of , 
Aochmatixation studies of didereot varieties 
fatudies of factors responsible for association of red 
and >eUoiv color with oerUin quality character 
Istlcs as sweetness or oddity 
Acellmatlxation an 1 diseaaa resistance studies being 
made on numerous local and introduced varieties 
ofbroatbean chickpea peanut muskmelon and 


Pure Une selection for early productive green and 
wax pole tym that can be profltably grown in 
Norway Prstling only snccesslul variety at 
present yields 30 percent more than any dwarf 
type tasted Pipect to release 1 or more new 


Hybridisation an 1 selection lor i ery early v iriot es 
of acceptable form an 1 quality adapted to N r 
way < ommonly grown earlv variety Muromsk 
1 as low quality and^ I yield Is being or isso 1 
with high quality Rossiskdrue and Relnnthe 


Hybridisation of vanetiee of dlll_..^ — 

day length to obtam varieties adapted to short 
long and rapidly tbanging day lengths 
t annot be erowa in the open Hybridisation and 
selection for varieties adapted to forcing un ler 
Norwegian conditions 

Pure line selection started by K Weydah! m I9IS 
led to introduUion of stocks of S well adapte 1 
strains in 1922 namely Engelsk babel Witbam 
Wonder Ns Plus Ultra Marrow Saxa Burton 
bnabel and Early June 
Hybrldiration and selection for better adapted 
types accompanied by genetic studies linkage 
shown between tall plant and percbmont in pod 
with g to S peroent crossing o\er Iwo dwarf 
large pod parchment bee Mirts introduced in 
1929— Karl Wevdahl and Bremers Marrow 


hand and genetic btudies In progress 


Skard selected an earlier bean than Erstllng from 
Keistad Oraa obtained Ols^ by varietal hy 
’ ' Oslo Taro and 


- p distlact and tba 

results of numerous growers’ selections for adap- 
tation to speciflo oonditums Various strains as 
Berby, Amot False Blatopp Sandveds Toten, 
and others MoensKvitkalreBnltofmanyyeuV 
seleotion Rossebo Jatun, Stavanger Tory, 
and Jatunsalgets Vmterkal are results of varietal 


Oartoerls, Qandes, and Bakkes 
Lund has develop^ an outdoor strain of Danish 
Export and of Hanneetad, and a fbrdng strain 
of Kondlne tor Norway conditions 
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TlBUt 7 . — VegeuMe breeding and improvement uork in Joreiffi countries — Contumed 


y.^gtaUcn a 


A^oaltural Experiment 
Station Alnarp Carl 


Bniasela i| r i 


Hortl ult ir 1 Inst t to 
ol \t W eibull <{. C 
We h lUolialni^ I ands 


eal of tacbnlcal staff 


L Daabnfel Its an 1 U 
Uylten Cavallius 
seedsmen Uslsint 
borg Ernst Nilsson 


Hybndiratlon and seletUon for Improve 1 yiell 
earllness quality and adaptabity to bweden 
atralni 3 to S days earlier tnan any known sort 
obtained also lugh yielding wax sorts All 
require further selection before introduction 
Uybndization and selection for high yield and 
cold real tance work In progress 
Common X savoy cabbage crosses made for milder 
flavor good storata quality and high ^ell 
Alnarp cabbage No I an 1 Alnarp cabbage 

- hlch luality high 
t wilt resistant peas 
Many promts 


^ (election from Sabel Nnmer 

ous strains will s on be ready f r release 

1 hybr diration to obtain high qua 


tlna^Sabd K 

r diration to obtain high qua ity 

early productive varieties adaitsd to Swedish 


ra le ibout 1925 
^ iter 11 ob 
n Swedish 


Stella selected from stram groi 
in bweden li troducel to the 
furl), thin bull high yield 
talnM through pedivreo solec 
variety Vpi lands 




, variety introduce 1 In K— 

obtained by crossing Gen an variety Da 1 lei 
w itb an unknown Very early md high yielding 
teg lias a superior storage carrot of qualities 
otl erw ise smiilar to ( hantenay 
Iiant Sweush No 147 Obtained from cross of 
~ ■ led variety Some 


a Rockford Earlier and 


si mty Extra Rapid 


9 developed fi 
prxluotive 

a snear type obtained from cross of Furst 
a lid flowering sort similar to Gray 
— -^d good adapt 
fron Rap d 

_jd to be earliest 

tea grown Released In 1937 bylva a marrow 
jee was selected from Falrbeards Nonpareil 


mands an 1 Witham Wonder 
Valkyria 11 was selects 1 from Valkyrlx and intro 
luted in 1925 The plants are monoedoua high 
yialdmg resistant to renmoipora Color some 
what 1 gbt Heita is dark green dominantly 
I ut not completely monoecl us q iick growing 
Denved from cross of Valkyria and Victoria 
Vanetal crossing anl selection to develop high 
yielding high quality strains and varieties 
adapts to conltlons in Sweden Varieties 
introduced to the trade as Indicated 
Rlsbr nken selected from unnamed variety 
Early and reiiistant to pod spot Dwarf Brown 
introdueod in 1933 from ctosa between Nord 
stem and a brown variety in 1919 Said to bo 
very hardy and adapted to northern Sweden 
A pe llgree s^eotion of BsnnA Nam Sans Bivale 
a lapted to Swedish conditions 
Sugar types as follows Norrlands from Pilot X 
Blunarck Farly Giant from babri X lAXton 
FhtsaW^ from ^X^^^Gtant^.SaM 


from Giant Babel X Kmg Numerous sti 

marrow and sugar peas are in process of develop 
meat principally by vanetal onaslng and 


USOfM’ 3" -■ 




IMPROVEMENT OF 
SWEET CORN 


C F POOLE, Cytologist, Divuion 
of Fruit aud Vegetable Crops and 
Diaeaaea, Bureau of Plant Industry 

The only genetic difference between the compobition of a sweet 
corn kernel and that of field com is due to a single recessive gene out 
of the hundreds or thousands of genes m com This gene makes the 
sugary condition of the kernel persist m sweet com, or, in other words, 
prevents the conveision of some of the sugai mto starch 

The first recoided obaeivation of sweet com by white men appeared 
m 1779, when Lt Richard Bagnall, of Sulluan s Indian Expedition, 
returned from an Indian campaign to the west of the Susquehanna 
with several sugaiy keineled eais piocured from the natives We 
know today that the Iioquois Indians cultivated at least two sweet 
varieties, one white and one black — siimlar to Black Mexican — and 
that the Indians of the upper Missouii included four sweet corns 
among the 104 com vaiieties they cultivated {45) ‘ 

In 1828 Thoibuin’s seed catalog listed a smgle sweet com variety, 
and by 1881 the numbei of advertised vaiieties m all seed catalogs had 
mcreased to 1 6 Toda> , by i eason of an increased intei est in the pro- 
duction of hybiid sweet com, it would be difficult to estimate with any 
accuracy the numbei of sweet coin vaneties and stocks on sale, but 
it must run into many hundieds 

Considermg its popularity, it may be suipnsing to some that the 
region of sweet com cultivation is confined practically to southern 
Canada and the northern half of the United btates There are three 
reasons for tins restneted distribution (1) The penod dunng which 
sweet corn kernels remain sweet after picking is of v ery short duration, 
and at the higher temperatures farther south the sugars are ryndly 
converted to starch (2) The corn earworm, Hehothis ohadkta Fabr , 
IS less injunous or is absent only in latitudes with wmter tempera- 
tures low enough to prevent winter pupation of the larvae Earworm 
mjury m the ^uthem States is so ^eat that the main dependence for 
roasting ears is the naturally more resistant field corm includmg such 
vaneties as Tnickcr’s Favonte, Mexican June, and Tuxpan These 
vaneties, togetlier with practically all the field corns of the South, have 
become relatively resistant to the com earworm through natural se- 
lection extending ov er a long penod This fact is bemg used to good 
advantage {38) in converting some of the leadmg southern dents into 
highly resistant sweet corns by appropnate crosses The third reason 
18 much like the secondjbut in this case the condition is bactenal wilt 
instead of an insect This disease is especially severe in the South, 
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and sweet com vaneties are muck more susceptible in general than the 
southern field corns 

Pnor to 1900 when the rediscovery by three Furopean botanists 
of Mendel s paper on hybndization in garden peas aroused greater 
plant breeding activity than had hitherto been known the literature 
of sweet com ibreeding was confined to descriptions of variety tests 
An examination of toe experiment station bulletins around 1889 
especially m lUinois Indiana and Nebraska shows the names of some 
75 sweet corn varieties classified according to earliness or lateness of 
maturity color of kernels and suitability for cultivation m those 
States Some attem])ta were then made t > standardize names and 
show which were synonymous Larly station bulletins from North 
Carohna and Louisiana mentioned that field corns were productive 
under local conditions but sweet com could not be successfully culti 
vated because of tl e damage mflicteil by the com earworm 

With few exceptions the men then practicing plant breeding failed 
to conceive of the possibility of hybndi/ing different stocks of com 
with a view to producing new types for special purposes Mendel s 
paper however by clearly stating certain dofimte laws of inheritance 
operatmg when characti r contrasts are introduced in a cross showed 
that breeding for special purposes could be done systematically and 
with comparative ease After 1900 the character of experiment sta 
tion publications changed from lists of vaneties to reports of crosses 
made with definite objectives such as production of extra early ma 
turmg stocks and of better canning vaneties with deeper and more 
tender kernels inci easing the umformity of all characteristics m can 
nmg vaneties and increasing vield and resistance to disease or insect 
attacl 


WE CAN hardly overstrvss the importance to the canned com 
industry of the all embracing umformity of diaractars resulting 
from t^ production of crosses and top crosses of inbred lutes of 
sweet com uniformity in texture and consistency of grains 

and in shape and size of ears has practically revolutionized the 
madanery and methods of handling in the cannery, and further 
more, m the fidd the even placing of the ears on the stalks and the 
uniformity with tvhich an entire fidd readies maturity have brougfit 
economies never before possible These advantugss are also oudent 
in more recent cannery practices, such as pumng up com in frozen 
padts, and an increase in the tdiole gram method of removmg kemds 
from the cobs It is estimated that about 80 percent of the ydlow 
sweet com grown for canning in 1937 will be from hybrid seed, 
and half of this, or 40 percent of all ydlow cannery sweet com, will 
he Golden Cross Bantam 
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Among the first sweet com breeders to work for specific ends without 
knowledge of Mendel’s laws was a Maryland physiaan. Stabler iU) 
In 1879 he planted alternate rows of Burr Mammoth and Stowell 
Evergreen and removed the tassels from the latter, thereby obtaining 
hybnd seed from which he selected an improved canning variety 
called Roslyn Hybrid Sweet The new variety had large ears, straight 
rows, deep kernels, small cobs, and a higher yield than either parent 
Stabler later produced an earher matunng evergreen variety, called 
Early Stabler, by selectmg seed from the fust ears to set He recog- 
niaea that even though the ears were open pollmated, so that the 
pollen parent was unknown, it had to bo early maturing to polhnate 
an early silking plant, and consequently the ensuing selections would 
be earher than the on^al stock 

The interest aroused m genetics and plant breeding after 1900 was 
promptly apphed to sweet com, first by Halstcd, Kelsey, and their 
colleagues m New Jersey, and later by East in Connecticut, Pearl, 
Surface, and Sax in Maine, and Huelsen and Gilhs m Illmois These 
workers established inbred lines through artificial self-poUmation to 
produce true breeding stocks and to mimmate defective characters 
With improved mbred Imes they expected to analyze the factors of 
inheritance and produce newly constructed varieties from specifica- 
tions found in both parent stocks At about the tune of the Maine 
work, Collins and Kempton (7), of the Umted States Department of 
Agnculture, made the first deliberate attempt to breed a sweet coin 
resistant to the corn oarwonn by crosamg resistant dent varieties 
with susceptible sweet com vaneties 

SWFET CORN BRIIDING 

SwE> T com IS chiefly used as a canmng vegetable almost throughout 
the world and as a green garden vegetable in regions favonng its cul- 
tivation The activities of sweet corn breeders are predetermined by 
those uses somewhat along the following lines 

1 For the canmng industry, the production of high-yieldmg uniform 
hybnd stocks with good qiiahty, by erossmg inbred fines among 
themselves or top crossing inbred Imes as pollen parents on commercial 
vaneties as seed parents Both practices insure greater uniformity 
in time of matunty, as well as in other characters, and mcreased yield 

2 Extension of the geographic range of tho crop farther southward 
through the development of improved earworm-resistant vaneties of 
sweet types by hybndization of susceptible vaneties of good quality 
with naturally resistant field corns, and the extension of the range 
northward by selecting extra early matunng stocks 

Shortly before the timely rediscovery of Mendel’s paper, Halsted 
and his coworkors (IS, U, IS, 16, 17, 18, 19. £0, £1) of New Jersey m 
1898 began breedmg sweet tom with the object of combming m one 
vanety the best features of Black Mexican and Egyptian (Washmgton 
Market), which had white kernels They observed that crossed 
seed in this case could easily be identified on ears of Egwtian plants, 
since com has tho advantage of exhibiting xenia * For example, 
black alourone color is dominant to clear m this cross, ^d any kernels 
on a plant with white ears that chance to be pollmated by poUen grams 

> Seethe article on Jundamentals of Heredity for Bieelers in this Yearbook 
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from a black parent will develop into black insteod of white kemela 
Black Mexican and white Elgyptian occupied adjoimng rows and the 
breeders commenced tlieir work merely by choosing black seeds from 
Egyptian ears Fastei progress was made by raising a wmter ^nera- 
tion in the greenhouse, and in their earlier work Halsted andAelsejr 
selected breeding stock from open pollmatod ears It was not until 
1900 that they practiced artificial TOllmation and not until 1905 that 
their reports began to molude Mendehan terms Notwithstanding 
their pnmitive methods at the beginning the new variety Voorhees 
Red Sweet was fairly well fixed when it was rehased to the pubbc in 
1903 The variety combmed featuies from the two parents and in 
addition exhibited red kernels a character not expressed in either 
parent 

Immediately upon adoption of controlled pollmation and Mendehan 
conceptions, Halsted began an extensive hybndization progiam with 
sweet corns with the specific object of improving stocks for earhness 
higher percentages ol two- and thxee-eared stalks, and retombmation 
of the best features of diverse patents At first Black Mexican was 
used as pollen parent with Malakov, an extra early variety recently 
mtroduced from Russia and with Garwood Country Gentleman 
Stnped Evergreen, Banana, and Golden Bantam Many other 
varieties were mcluded later, and Black Mexican was omitted when 
pollmation from bagged tassels made xenia no longer impoitant as a 
device in this work to identify a cross The problem of adequately 
testmg the new stocks was overcome by enlisting the aid of cooper- 
ating farmers In 1906, seed of six new vaiieties was widely dis- 
tributed for tnal and the year following four more were added to the 
number, two of which weie given names abbreviated from the two 
parents, Malamo (Malakov X Premo) and Malakosby (Malakov X 
Crosby) 

At this tune Halsted began crossing sweet corns with Iowa Silver- 
mme (white) and Pnde of Nishna fellow), dent corns, further to 
mcrease the vneld of seed and stover From the former he denved 
Silver Sweet by crossing with StoweU Evergreen and Jersey Sweet by 
crossing wnth Country Gentleman 

The order of importance of the elements that contnbute to quahty 
in sweet com depends on whether we are considering market vaneties 
or canmng varieties The market gardener places sweetness first, 
followed by tenderness of the pericarp, or outer covonng^f the kernel, 
then consistency or texture of the Kernel contents But smee the 
canner may add extra sugar to the bnne, his specifications for the 
breeder (9) place tenderness of the pericarp first and sweetness last, 
with consistency of kernel as the requirement second m importance 

SwEBT Corn for the Cannery 

The chief factors m the selection of varieties for use in the canmng 
mdustry are deep kernels, yellow or white, according to local prefer- 
ences, umformity m all characteristics of the plant ana ear , satisf^toiy 
jnelds, high qu^ty, and, m regions afflicted with msects or disease, 
resistance to or escapement from injury Previous to 1924, the date 
when practical interest was first aroused m the production of hybrid 
stocks from crossing inbred sweet com hnes, canned sweet com was 
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obtained almost entirely from the four major vaneties descnbed m 
table 1 

Tablf T — Suieetromt uieii /or tanning 



The data shown as percentage of cut com at 20 days after the 

S earance of the silks, as given by Culpepper and Ma^on (S), are 
uded in order to indicate the efficiency of a variety m producmg 
the deep kernels best smted for canning This figure is computed 
by dividmg the weight of cut kernels by the total weight before 
cutting 

A serious drawback of all commercial varieties for canning purposes, 
however, is the great vanability in characters and especially m the 
time when mdividual plants reach maturity This means that at 
any given time a large percentage of underripe and ovempe ears 
must be taken, along with those in prime condition A breedmg 
practice that would increase the uniformity m reachmg matuntv 
shape of ears, or texture of grams, as well as giving increased yield 
or greater depth of kernels, would be desirable The mcrease in 
uniformity alone would be a great boon to the canning industry 
because this results in a relatively much larger pack from a given 
yield in the field It was shown by G H Shull in 1908 that increased 
yield and a high degree of uniformity m all characteristics would 
result from crosses between inbred lines Many years before this, 
about 1 880, W J Beal of the Michigan Agncultural College observed 
that hybnd vigor and somewhat greater uniformity resulted from 
the crossmg of commercial varieties in the held At that tune he 
proposed planting alternate rows of two field varieties, detasselii^ 
one and using ears from the detasselled vanety to obtam hybnd seed 
MoBb Recent Bbeeders 

In the summer of 1907 Peail and Surface (S9) m Marne commenced 
mvestigations on sweet com for the specific purpose of producing seed 
adapted to Maine rather than to f onnecticut and Massachusetts— 
the chief sources of seed For the production of improved canmng 
vaneties theu- immediate objectives were greater earlmess, fogher 
yield, and improved ear shape Thev produced mbred hues hy in- 
breramg for several generations and discarded the poorer Imes while 
retauung the better ones Then- contnbution to sw^t com breedmg 
practice was the selection of breeding stock on the basis of the per- 
formance of the progeny and not upon the appearance of the ear and 
plant, which had been the practice until that tune In then ovm 
words, “the objects of selection must be to drover and separate 
the desirable genotypes from the poor ones ’ After 3 years of such 
work Marne farmere had better locally grown seed than could be 
purchased dsewhere 
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In Illinois, which, according to the latest statistics, is usually slightly 
ahead of Iowa as the leading sweet com State, both in acreage and 
m total pack, breeding operations were b^n about 1926 by Huelsen 
and Gilfis, as reported by Keilholz (82). Their methods wore much 
the same as those already in use elsewhere, but they emphasized the 
improvement of ouality by use of the puncture test to identify 
the most_ tender Imes for use in breeding. The test shows the 
pressure in grams per souare centimetei required to penetrate 
the pericarp of the com kernel. Huelsen and GiUis learned that 
high degrees of tenderness are exhibited in dent corns as well as in 
sweet corns. 

In Connecticut the production on a commercial scale of cross-bred 
seed from inbred lines in field com was first practiced in 192 1 George 
S. Carter, of Clinton (30). Shortly thereafter, in 1924, the Connecti- 
cut Agricultural Experiment Station introduce an Fi or first-genera- 
tion hybrid sweet com called Redgreen, produced from two inbred 
lines, one being Stowell Eveiween and the other frofn a vanety of 
unknown parentage. This hj^rid stock was soon ^wn and cannwi 
by the W. N. Claric Cannmg Co., of Rochester, N Y., and its superior 
characters in adaptation to locality, productivity, uniformity of matur- 
ing, and quahty were immediate^ recognized. 

Redgreen was not as successml elsewhere as m New EMland, 
central New York, and certain sections of the Northwest. Today 

C tically every experiment station has several or many such cross- 
stocks, many oi which are sold by the leading v^etfiue seedsmen. 
The lead in such activities was taken by the Connecticut station (SO, 
81), the Minnesota station (28), and tlie Purdue University station 
in cooperation with the United States Department of Agriculture 
Figures 1 and 2 illustrate the methods and results obtained in producing 
sumle- and double-crossed com. 

The most popular and most widely adapted -of these hybrid stocks 
is Golden Cross Bantam, produced about 1927 by Smith (48), ot the 
Department, in cooperation with the Purdue University station by 
crossing Piiraue 39 (Purdue Bantam) and Purdue 51, both inbred 
lines of Golilen Bantam. Purdue 39 has attained wme d^ee of 
commercial importance in its own right by reason of its resistance to 
bacterial wilt or Stewart’s disease (Aplanohacter stewarti (E. F, 
Smith) McC.), high quahty, and yield. 

The great popularity of Golden Cross Bantam is chiefly due to its 
yield, canning qualities, unHormity, and reBistancp fb bacterial wilt 
(figs. 3 and’4). This disease is most serious in latitudes close to 40° 
north and is of imfportance mainly in sweet corns, sometimes destroy- 
ing almost the entire crop. The earlier maturing varieties are most 
susceptible. A recent study of Stewart’s disease (26) recognizes two 
distinct genetic types of resistance: (a) Vigor-correlated, irderred 
from the fact that vigorous hybrids between some low-resistant inbred 
strains are more resistant than either parent; and (b)_tme resistance, 
shown by the fact that hybrids from low-resistant inbreds are less 
resistant than hybrids from high-resistant inbreds. Golden Cross 
Bantam may owe its high degree of rraistance to both these causes, 
since it hw hybrid vigor and one of its parents, Purdue 39, is also 
highly resistant. 



Figure 2 Diagram of melhod of croM>in(. inbred planli and llie resiilhng 
Miifde croeaes to produt c doiibir < row hybrii) xee I 

The tiemciidoiis impoitanco of thebc liybiid swict coins, nnd 
particularly Golden Ciobs Bantam, is indicntod hy the fact that it is 
estimated that about 80 percent of the yellow si\cct coin which will 




Fifftre J — Golden Cr 8s liaiitaiii a \jr«,ly rt 8ta I to bartenal Hill r Slewart ( 
dueaae It remaiiia healthv on wilt inficle 1 soil and makes a normal crop 

Top Cross! d Swei-t Corn 

The use of mbied lines as pollen parents crossed on commercial 
varieties as seed parents — called the top cross — foi producing um 
formly matunng and high yielding com stocks was begun at the 
Connecticut Agricultural Exporunont Station m 1917 with field com 
The practice was soon used on sweet com with excellent results, and 
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in 1935 tho station recommended to the trade two early stocks, 
Spancrosa G-2 and Morci-oas C-6, and two midseason stocks, AMiip- 
cross C-6.2 and ^^^lipc^o83 C~7 2. In addition to these they recom- 
mended for the 1930 trade the follow injr new top crosses; Alarcross 

C-13 2, Bill-cross C-2, 
Scncross C-7, Dale- 



Figure 4 . — Golden Jiantam, a variety ausrepliMe to 
bacterial will, growing in infected anil near the plant 
ebown in figure &dden Bantam waa praotioaUy a 
total loaa in thia teat 


cross C-2, Orcross C-2, 
('oincross C-2, and 
Staiicross C-2, The 
1935 seed catalog of 
one ot tho vegetable 
scwlsmen listetl four 
lop crosses, all of ivhich 
were produced by its 
owubrceiling staff. In 
1 ccommcnding the top- 
cioss method, Jones 
and Singleton {31) 
say: 

From I ho alaiidpoint of 
i-aMi of producing hccil and 
the adnptahilitr of this 
seed, ns compared to tlint 
of single crosses (between 
two inbred lines), there is 
miieli to be said in favor of 
vanetv-inbrcd crosses (top 
eiosses) 

The importance to 
(he canned-coni indtis- 
I ly of 1 he all-embracing 
nnifonnityofchnrnctcr 
resulting Jrom the pro- 
duction of croa.st*8 and 
top crosses of inbrctl 
lines can hardly be 
ovcrstrcivsed. The uni- 
formity in texture and 
consisU'ncy of grains 
and in shape and sizo 
of ears lias practically 
rcvoliitioiii/ed tho 


mnchincry and meth- 
ods of handling in the cannery; and furthermore, in the Held tho 
even placing of the oars on the stalks and the uniformity with 
which an entire field reaches maturity have brought economies 


never before possible. These ndvnnttiges are also evident in 
more recent cannery practices, like putting^ up com in frozen 
packs and the whole-grain method of removing kernels from tho 
cobs. In each instance the uniform texture of grain in single-cross 
and top-cross stocks of sweet com makes them superior to tho 
open-pollinated com varieties. 
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Many of the vaneties bred for the canning industry also are suited 
to market CTOwing In addition, there is need for extremely early 
strams for the extreme northern areas of the terntory In the South 
the question of earworm resistance is of major importance, and, if 
resistant strams aie developed, street corn culture may increase m 
importance in this region 

About 1913 Collins and Eempton (7), of the Department, began a 
study on earworm resistance m dent and sweet com They obtained 
two highly resistant dent vaneties, wluch were crossed with three 
susceptible sweet vaneties, Stowell Evei^cen, Early Evergreen, and 
Cory The hybrid progenies proved more resistant than the com- 
mercial vaneties ftolongation of the husks beyond the tip of the 
ear and thickness of the husks were found to bo associated to some 
extent with low damage The evidence mdicated that increased 
resistance of the hybnds also was due to other characters not measured 
but probably correlated with husk prolongation The presence of 
some volatile substances distasteful alike to the moth anci larva, but 
too elusive for measurement, was si^estcd 

Mangelsdorf, of Texas, crossed the highly earworm-resistant dent 
vaneties, Mexican June and Surcropper, with the sweet vanety 
Country Gentleman, and contmued backcrossmg to the dent parent 
for several generations Eventually he obtomed two vaneties of 
sweet corn, Honey Jime and Surcropper Sugar, which to outward 
appearances were practically identical m plant characters with their 
dent parents and were highly resistant to the earworm, but which m 
addition were sweet In numerous tests of the adaptation of these 
two sweet corns to conditions m Texas (83, 34) and m Cahfomia (40, 
41 , 4^), the degree of eirwoim resistance has been demonstrated to be 
supenor to that shown in anyothersweetcoin vaneties with the possible 
exception ot Papago, a commercially unpromising sweet corn produced 
by Freiman (13) at the Arizona station, and of Aunt Mary’s Sweet 

Papago was produced from a few sweet grams found m the summer 
of 1910 on ears of squaw (flour) com grown by the Papago Indians 
Aunt Maiy’s Sweet is a recently mtroduced sweet com from Ohio, 
which has been carefully nursed from year to year for perhaps a century 
on a smglc farm ne ir Darby Plams Such antiquity sureests Indian 
ongm, and this is the expressed behef of the introducer, L R Bonne- 
witA, of Van Wert, Ohio The pomt of Indian ongm might well be 
stressed for Papago and Aunt Mary’s Sweet, smee it is to bo expected 
that the mherent eoiworm lesistance of mai/e vaneties m possession 
of the Indians was due to a fixation by natural selection of resistance 


to earworm attack , , , , , -m j 

Flonda 191 and Suwanee Sugar, recently produced by the Flonda 
station, have given much promise as earworm resistant conveited 
dent-sweet corns when tned m the diverse environments of the South- 
east and the far West More recently, Georgia 439 and Geoigia 428 
fiom the Georgia Experiment Station have mdicated promise equal 
to that of the best strams of Honey June (33) j i j . . 

In the last 4 or 5 years a number of investigators m widely totont 
States have mdependently conducted tests of rather extensive lists of 
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varieties of sweet com to determine their earwoim resistance and value 
for market oi bieecUng puiposes In tests at Davis, Calif {J^O, 41), 
Wmter Haien, Tex (S3, 24), and Charleston, S C , certain xaneties 
were consistently outstanding in earworm resistance, namely, Honey 
June, Surcrcmpei Sugar, Papi^, Aunt Mary’s Sweet, Flonda 191, 
and Oreron EveiCTeen The relative resistance of these sorts vaned 
among the several tests, but they were of the same general degree of 
resistance 

Even with the high degrees of resistance thus far uncovered, progress 
in breeding eanv orm resistant sweet corns is still far from satisfactory 
Other hybrids have recently been made by Mangelsdorf in Texas 
(see the table of mtroductions in the ^pendix) and bv Poole in Cah- 
forma, usmg southern dent corns like Tiixpan and Davis Prolific that 
are even more resistant than the first dent parents used in producing 
Honey June and Surcropper 

Evidence obtained aunng 2 years of study by the California 
station has demonstrated, in statistically significant tests, that lugh 
earworm resistance is altogether mdependent of length oi tliickness 
of husks 

Other possible factors not correlated with resistance are length of 
ear, weight of ear, height of plant, and length of time required foi 
maturity (42) Promising lines of mvestigation as yet untried in- 
clude the search for factors determining volatile compounds that 
repel laying moths, su^ested by Colhns and Kempton, measurement 
of the tightness of the husk covenng, and determination of the qualitj 
of husk covenng These hnes of mvestigation will remiire collabora- 
tion with specialists outside the field of genetics, or the dev elopment of 
a special technique, before quantitative measurements can be taken 

Although it 13 stdl too early to estimate the extent to which these 
new sweet corns vnll extend the geographic range of sweet com cul- 
tivation, there is no question regarding the interest of tmck and home 
gardeners in present efforts Honey June in particular has aioused 
enthusiasm among Texas and Cahfomia growers, and one railroad 
company in Texas has planted large acreages foi shipment of green 
sweet com to northern points 

GENETICS » 

The genetics of sweet com is the same as the genetics of com in gen- 
eral, except foi the particular genes responsible for the sugarv condi- 
tion of the endosperm Com genetics has been so adequately treated 
m the 1936 Yearbook of Agnculture (27) that no further reference is 
necessary except for considerations pecuhar to sweet com 

As has been said, the only genetic distinction to be drawn between 
starcl^ endosperm and sweet endosperm is the fact that the noimal 
gene Sui (starchy) at locus 71 on chromosome IV (10) in field com has 
mutated to •mi (sugaiy) m sweet com There is another allelomorph 
of this gene at the same locus, and in addition two nonallelomoiphic 
sugary genes on two other chromosomes than number IV, which will 
be discussed below The sugary mutations lesult not only in a highei 
total sugar content but also in a persistence of the sugary condition of 
the endosperm to matunty All othei characteristics of the sweet 

> This ssctlon Is written pnmarfly for students r others professionally Interested in Kenetirs or t reeding 
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com varieties, such as short stature, early maturity, loose husks, etc , 
are shared in common with field com 

The investigator who seeks to effect certain combinations between 
sugary or sweet corns and nonsugary corns may encounter aberrant 
monohybrid ratios involving the sugary chaiacter These aberrant 
ratios are due in some cases to the action of genes linked with sui, but 
also may be due to other causes (;?, 8, 4, 5, 6, S3, 84, 85). 

Mangelsdorf (37) investigated the respective rates of growth of 
pollen tubes carrying Sui and and finds that Sui pollen tubes have 
an accelerated growth rate at the start and that sui pollen tubes grow 
as fast as Sui when the initial handicap is overcome. 

In most other cases reported in the hterature it ap^ars that when 
both Su and su appear together in one orgamsm, the F 2 segregates in 
entirely normal monohybiid ratios. The first exception was noted in 
1920 by Harper (22), who leported that when two sugary races were 
crossed the resultant Fi was starchy, indicating two nonallelomorpHc 
siigaries. Subsequent investigations have shown that there are indeed 
two previous^ unknown nonallelomorphic sugary genes, sv^ on 
chiomosome \l (11) and on chromosome IX (Eyster, unpublished, 
10). Furtheimore, there is some evidence that at the sui locus on 
chromosome IV there is a tlurd member of the series, producing 
a sugary kernel not as sweet as «Ui, and which apparentlv is associated 
with the presence of the gene dit, dull endosperm, on chromosome X 
(unpublished commumcation fiom Mangelsdorf, also mentioned in 10), 

A condition called "pseudostaichy” has been analyzed by Jones (29) 
and is thought to be caused by the complex interaction of three domi- 
nant genes with the sui gene. One gene is necessaiy for the full 
expression of pseudostaichy. a second inhibits the shnnkage of sugary 
kernels, whereas the thira dominant gene produces an opaque 
appearance of the diieil kernels 

In an investigation of the chemical composition of known endo- 
sperm genotypes from crosses of dent X sugary, lindstrom and Ger- 
hardt (S6) snowed (table 2) an increase of sugars and a decrease of 
starches for each additional su, gene (expr^ed as s in table 2) obtamed 
in the recombinations resulting from leciprocal Fi matings and back- 
crosses, or in an Fj generation 


Tarie 2 -Carbahydrute percentage for uhole lernrh (mouuire free ham) 
for different typee of cro>^ and knoivn genotypes 


( rms tyi» • 

Indo'perm 

f[eno'\pe 

samples 

Infll 

llestnn 


Carbo 
hydrate 
index ' 

White dent 

Everareen 

FiX E 

sss 

•M 

SSf 

«s 

SSt 

< 

Perernt 

2 3 

4 9 

2 7 

3 0 

38 

Pmeal 

1 0 

2 1 
• ^ 

1 S 
2J) 7 

Ptrernt 

8 

27 9 

m 6 
88 1 
87 8 

28 1 

0 07 

1 06 
og 

09 

06 

1 84 

EXFi 

I 1 S 


2 2 

4 ft 

2 2 
2t 9 

88 8 
27 1 

06 

1 13 

F, 

JSliti 

* 

21 1 
S3 1 

2 7 

87 8 
21 8 

09 

1 69 


> HF-Hlahlat strain, E-e>erereen parent • RaOo ol total sutar pins dextrin to starch 




392 


YEARBOOK, 1937 


In another analysis of chemical composition of known endosperm 
gonotvpes mvohmg the sugary gene, Abegg (/) demonstratm a 
cumulative relationship for percentage of ciiide fat relative to the 
genes sugary and waxy in the following senes 

PereentofI Percent of 

Genotypes etude fat Genotypes — Continued crudefat 

Su »u su Wx wx tox 10 stt su 8U H'z uj; tsz 2 6 

Su tutu wxwxwx 1 4 1 iu lu tu IPX wx ux 3 0 

The typical ear of corn possesses rows of kernels in even numbeis 
because the female florets of the ear are arranged m pairs, each 
member of x^liich has two ovules The rows are stiaight because 
only one ovule on each floret develops, and the relatively uncrowded 
ear displays its kernels in an evenly rowed condition The sweet com 
vanety Country Gentleman however, is umque in the fact that the 
second ovule of each floret also develops and produces a crowded 
zigzag or "shoe-peg” condition Huelsen and Gillis ($3) investigated 
the mhentance of the apparently imrowerl condition in Country 
Gentleman by carnnng to the P* generation a cross between Country 
Gentleman and Narrow Gram Evergreen, the latter with typical 
straight rows Intermediate degrees of npagging were sometimes 
difficult to classify, but on the whole the data conformed qmte wdl 
to the working hy^thesis that the unrowed condition of Country 
Gentleman was due to the operation of two pairs of recessive genes, 
Pt Pi and ps Pj, the chromosomal locations of which have not yet 
been identifiea Accordmg to h^otbesis the history of tins cross is 
symboheaUy represented as Narrow Gram Evergreen, rowed 
(PiPjPjPj) X Country Gentleman, unrowed {pipiptp ) 
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P OPCORN IS a peouliai ly American crop Not only as it unknown 
to white men befoie the <hs< oveiy of Noith Amenca, as v, as all maue, 
but Its cultivation and use for popping is almost entuely icstncW to 
the New World Euiopean visitors fiequently expiess surprise at 
this unique form m which com is available foi human consumption 
It seems practically certain that popcorn was grown and poppeil 
by the Indians befoie the coming of Columbus The records, al- 
though fragmentary, mdicate that popped coin either whole or pul- 
ven/ed was used in natn e food dishes by vaiious tribes m both North 
Amenca and South Amenca Popcorn kernels and speciall^T shaped 
earthenwaie dishes thought to bo corn poppers have been disco\eied 
among prehistoiic Indian lemains m South Amenca In eaily Span- 
ish wntmgs, leferencc is made to the ntuals of the Aztecs m which 
one hour before dawn there sallied forth all these maidens crowned with 

garlands of maisc toasted and popiied the grains of which resembled orange 
blossoms, and on their necks thick festoons of the same which passed under tm 
left arm 

BASIS 01 POPPING BrilAVIOR 
Thi, phenomenon of popping in corn is not hmitccl to popcorn, but is 
exhibited to the gieatest degree m this subspecies (Zea mays var 
eierta Bailoy) hlany flmt corns uiidei piopei conditions will pop 

C assably well, and some of the horny dents will oecasionally pop a 
ttle Even among the true popcorns there is a wide variation m 
the degree of popping The ahiuty to pop seems to be conditioned 
by the relative pi ©portion of homy endospeim where the staich 
grams are embedded in a tough, elastic colloidal material, which con- 
fanes and resists the steam piessure generated withm the gianule until 
it reaches explosixe foice ' ^mo vaiieties. of soighum with seed of a 
dense flmty structure, such as Pmk kafii, pop very well Manufac- 
turers of breakfast ceieals haxe peifectcd mechanical methods of con- 
finmg steam pressure within giams until it is suddenly leleased, when 
they puff or pop to seveial times their oiigmal xolume 

DISTRIBUTION, VARIPTItS, AND DESIRABLE QUALITIES 
Compared wnth dent com, popcorn is a relatively mmor crop Only 
about 0 1 percent of the total com acieage of the United Sta^ 
ordmanly is occupied by popcorn It is grown almost solely foi 
human consumption ns freshly popped corn or as a basis of popcorn 

> WlATBCHWAZ P THIPOPPIMOI'COKN Ind Acad 8d Pro- KPl 1«-I« K2? 
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confections It has approximately the same chemical analysis and the 
same feeding ^ alue as dent com Thus, popcorn may be substituted 
for dent com as feed for Inestock if occasion demands, although the 
lower acre yield and the hardness of the endosperm, which necessitates 
grmdmg, make it uneconomical to do so under ordmaiy circumstances 
It 18 probable that popcorn is grown as a family garden crop for home 
consumption m every State m theUnion A very considerable proportion 
of the total popcorn production is represented by these sm^ growers 
whose crop is used m the home or is sold only locally A multitude 
of varieties, colors, and types of popcorn are used for this purpose 
Commercial production to supply vendors, manufacturers of pop- 
corn confections, and the general retail grocery trade has been highly 
roecialized and localued until the last 2 or 3 years Sac and Ida 
Counties in w estem loiv a have been the principal center of commercial 
popcorn pioduction Valley County m central Nebraska and four or 
five counties in northeast^ Kansas have also been important m 
commercial production 

Very recently Iowa, Nebraska, and Kansas seem to have been 
son ewhat less important as centers of commercial production This 
has been due m part to a changmg demand, which m recent years has 
favoied vaneties too late to mature satisfactorily m northern regions, 
but more largely to the unprecedented senes of disastrous droughts 
dunng the last few seasons that have centeied around the traditional 
commercial popcorn icgion As a consequence of crop failures, pop- 
corn pnees have been abnormally high, and therefore scatters 
grov ers m many localities outside the worst of the drought area have 
found popcorn growing very profitable dunng the years when the 
total production of the country was at a low ebb Whether the present 
disti tbution will continue during years of noimal production is a ques- 
tion for the futuie which only the complex mteraction of economic 
and lOTicultuial factors can decide 
Although there are in existence innumerable types and vaneties of 
popcorn, only five or six are of commercial importance Until com- 

S arafcively recently, White Rice, Jap HuUess (Japanese Hulless), and 
jucc n Golden were the chief varieties used The variety of popcorn 
called South Amencan, which Has mtroduced some 15 years ago, 
mcrcosed rapidly m favor m the popcorn trade and soon became a 
sencus competitor of the other vaneties The large size of the kernel, 
its lellow color, and its peculiar “mushiooming” characteristic m 
popping seemed to catch the public fancy enough so that its toughness 
and m^iocre quality were largely overlooked An old variety re- 
named Spanish popcorn was m vogue for a few years, because the 
large size of its kernels and its abih^ to withstand processing fitted it 
admirably for the manufacture of caramel confections A smaU- 
kemeled, smooth, yellow variety of high poppmg expansion, known 
vanously as Supeigold, Sunburst, or Yellow Pearl, also has become 
of commercial importance The old Queen Golden com has now been 
almost entnely displaced by South Amencan and Supergold, its 
yellow competitors 

In popcorn the desirable characters to be achieved by the breeder 
mclude all of the attnbutes of a good vanety of dent com, and in 
addition must mclude hi^ expansion and tenderness Fortunately, 
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high popping expansion and tenderness of the popped kernels seem 
to be closely correlated, so that in attaining high popabihty one also 
18 very likely to have a tender product The absence of a coarse 
hull and the presence of a ^d flavor are also desirable characteristics 
of the final product Although most people ordmanly do not reahze 
that there are distmctive flavors m various samples of pmicom, these 
are as characteristic as m different vaneties of apples ^me strains 
have a noticeably sweetish fiavor after bemg popped, some are practi 
cally tasteless, while others have a rather strong field com fiavor 
High expansion in popcorn is dependent upon complete and normal 
maturity m addition to the inheritance of genes conmtionmg a dense 
and elastic endosperm Smce com diseases usually mtmere with 
normal maturity, it follows that selection for hi gh poppmg expansion 
also tends to select for resistance to many of the common com iseases, 
such as smut and the stalk and root rots This is very fortunate for 
the breeder, smce it is, of course, much easier to make improvements 
in a crim in which desirable characteristics are correlated than in one 
in which they tend to be mutually exclusive In the case of popcorn 
there seems to be a sound basis for placing considerable emphasis on 
the individual ear-poppmg test described later m this article 

METHODS AND RESULTS IN BREEDING 
Mass SELEcnorr 

Oi THE various methods of com breeding that have been tried from 
tune to tune, that of mass selection alone has stood the test of tune 
as of general apphcation to improvement within open polhnated 
varieties of com without resorting to mbreedmg This is as true of 
popcorn as of dent com Mass selection lends itself particu'uily to 
the improvement of popcorn quahty As m field com mass selection 
m popcorn begms with field selection of a large number of ears from 
desirable plants when the crop is mature but before the first kilhng 
frost occurs These ears should be dned qmckly, but not so thorough- 
ly as they would be for seed About 14 percent moisture gives nearly 
maximum poppmg behavior and insiues against loss of viability by 
freezmg under any ordmary storage conditions 
After being numbered for identification purposes the cars can be 
popped mdividually by shelhng enough from one side of each to fill 
a small measure foi the popping test After popping, the volume 
of the product is measured in a suitable contamer so that the ratio of 
the vohimes before and after popping mav be obtamed and recorded 
as the popping expansion Unfortunately a standardized method 
of testmg has ne> er been agreed on, so that comparisons of popping 
testa made by different people sometimes are misleadmg In this 
laboratoiy ordmary glass graduates are used as shown m figure 1 
For mdividual ear tests a poppmg charge of 25 cubic centimeters 
ordmanly is measured out m a small graduate, and the popped com 
18 later measured m a 1,000 cc graduate Any convement modifies 
tion of this procedure that will give an accurate measure of the popping 
expansion would do ]ust as well It is highly important, however 
that the tests of the vanous ears be made under as newly cornparable 
conditions as possible The factors particularly to be guarded are 
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(1) The moisture content of the ears must remain as nearly constant 
as ;^88ible for the duration of the tests, since moisture content has 
an important influence on popping expansion. (2) The conditions 
3 of heat us^, absence from drafts, etc., 
should be the same for all tests. (3) 
A routine procedure in measuring 
the samples before and after pop- 
ping should be followed, in order that 
the same degree of packing may be 
obtained for every sample. 

Wlien samples from a consider- 
able number of ears from an appar- 
ently uniform variety are popped 
8eparately,striking differences in the 
popping expansion of the individual 
ears will be observed. Usually the 
best ears will show about twice the 
popping expansion of the poorest 
ones. The distribution of popping 
expansion of 1,152 individual ears 
token from a small isolated plot in 
1928 is shown in figure 2. 

By using only the highest 10 or 15 
percent of the selected ears for seed 
purposes a rather rigid selection on 
the basis of popping expansion can 
be made. In onler to avoid the in- 
jurious effects of close breeding in an 
open-pollinated variety, caremust be 
exercised not to limit too greatly the 
number of seed ears utilized to prop- 
agate the strain. Although it is diffi- 
cult to sot an arbitrary minimum, a 
mixture from not less than 50 ears 
should be used to plant the seed plot 
each year, and one from 100 or more 
selected ears would be much safer. 
In following a system of mass selec- 
tion, the unpoppod remnants of the 
most desirable ears are simply 
bulked together to furnish seedforan 
isolated seed plot the followingyear. 
, , . . - - . In contrast to the mass-selMtion 

the pedigree or ear-to-row 
rSn»5 ’ melhodmaylbe in wUch each 
row is planted from a smgle ear 
and a preliminary selection is made on the basis of individud rows, 
followed by selection within the row.^ It is probable that this method 
has no advantages over mass selection to counterbalance its disad- 
vantages of more labor and greater likelihood of close breeffing. 

As in all selection work, there is a constant d:^ of regression toward 
the mean of the population in selection for high popping expansion. 



Figure 1 . — Glass grad 
measure the volume of popcorn before 
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Consequently, one may not expect the average popping expansion of 
the crop produced to be nearly so Wgh as the average of the selected 
ears that are planted If the work is carefully and consistently done, 
however, some progress in raising tlie mean is accomplished eacn time, 
and over a period of 
years real improvement 
may be effected, al- 
thougli such improve- 
ment may not bo ex- 
pect^ to continue in- 
definitely. S 

In an experimen t con- | 
ducted cooperativelv by S 
theDepartmentandthe £ 

Kansas Agricultural Ex- 
periment Station to test 
theefficacy of moss selec- 
tion in popcorn breed- 
ing, the [rapping expan- 
sion was increased from 

Fifftre 2. — Distribu lion of 1 ,1 52 individually popped ean 
of Sui>ergokl popcorn harvested from a small breeding 
, 1 . ■ ' r I*'"* about twice the 

expansion has been ef- popping expansion of the poorest ones. 

fected since that time. 

which indicates that the practical limits of improvement have about 
been reached. This work was initiated by J. G. WiUier, formerly 
assistant agronomist in the Bureau of Plant Industry. The resulting 
improved strain, originally known as Sunburst, but later changed to 
Supergold, has been distributed by the Kansas station. 

Where some attempt at improvement of quality is desired, but 
i\here the labor of popping a large number of individual ears for seed 
selection is out of the question, a modification of the mass-selection 
method based on kernel structure may be used A reasonably good 
correlation (r=— 0 59 ±0 022) has been found * between the amount 
of soft white starch in the center of the kernel and the popping expan- 
sion of the ear from which it came. Since the correlation is negative, 
it means that the ears with the least amount of soft starch m the 
kernels will on the average pop the best. In selecting seed, three_ or 
four kernels from each ear may be split with a sharp knife to determine 
those with the least amount of soft white starch. These ears should be 
saved for seed. Although selection for high popability from kernel exam- 
ination is much less desirable than from direct popping tests, it is much 
better for the maintenance of a good strain than no selection at all 
It is particularly valuable as a me&na by which to cull out the traces 
of mixture with dent com which tend continually to creep into popcorn 
varieties Popcorn HvERms 

Hybridization between inbred lines, the newest and most promising 
method of com breeding, is equally as applicable to popcorn as to 

« Wnxixx, Fo ,uid Brvvsox, K M rActoxi inrEcrixo tb* pophvo qvautt o» poftosw Jour. 
Agr. Reseirch SS (U&-e34, Ulus. 1037 


19 to 26 volumes in 6 
years. Comparatively 
utUeincreasem popping 
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dent com or to sweet com A general discussion of com breeding 
appears in the 1936 Yearbook of Agriculture ’ in which the methods 
and results of hybnd com production are fully descnbed With the 
exception that popping expansion and eating quahty must be given 
paramount consideration m popcorn, the technique followed is the 
same as for held com The possibihties are fully as promising, but 
thus far comparatively bttle work has been done m the production ot 
popcorn hybnds 

The only hybnd popcorn known to the writer that has been re- 
leased for commercid production is Minhybnd 250, from the Mmne- 
sota Agncultural Expenraent Station Inbreedmg of 200 to 250 
hnes of Michigan Pom a selection of Jap Hulloss, was begun in 1925 
byH K Hayes and H E Brewbaker Since 1930 the broedmg work 
has been done by H. K Hayes and I J Johnson The ongmal 
hnes were culled severely on the basis of agronomic characteristics, 
so that when the first crosses were made m 1929 only seven remained 
These seven mbreds were combmed in all possible combmations of 
smgle crosses and tested thoroughly durmg the 4 years 1930-33 On 
the basis of these tnals, smgle cross G-1 X C-6 was selected as the 
best combmation and named Minhybnd 250 Representative ears 
of mbreds 1 and 6 and of the smgle cross are shown m firare 3 The 
component mbreds were distributed m 1934, and small commercial 
acreages have been grown m 1935 and 1936 As an average of 3 
years’ tests at Umversity Fann Mmhybnd 250 has produced 16 
percent higher yield and 29 percent kgher poppmg expansion than the 
standard open-pollmated Jap Hulloss used as a ^eck The adapta- 
tion of this hybnd seems to be limited to central Minnesota In a trial 
in the southern part of the State the hybnd was much loss satisfactory 

In 1931, the Minnesota station alro started mbroedmg a group of 
hnes from Burbank Pure Gold, a 10-rowed yellow pearl vanety 
These mbreds are now just ready for top-cross tests and tnals of 
recombination 

At the Iowa Agncultural Experiment Station J C Eldredge began 
mbreedmg m 1928 with 60 ears of Jap Hulless, part of which were 
selected from a moss selection plot of the previous year and part from 
vanous commercial growers These hnes have been culled to about 
20 mbreds between which combmations have been tested during the 
penod from 1933 to 1936 On the basis of these tests the most prora- 
ismg hybnd seems to be a three-way cross which has averaged about 
a 20-]>ercent mcrease m yield and a 20-percent mcrease m popping 
expansion over the open-polhnated Jap Hulless used as founcmtion 
matenal An extensive State-wide test of this hybnd is planned for 
1937 No distnbution for commercial production has yet been m^e 
from Iowa 

In 1933 a new group of mbreds from Jap Hulless, South Amencan, 
and Supergold were started at the Iowa station, wmch are stiU m the 
developmental stage 

In 1923, J G Wilber, of the Bureau of Plant Industry, then at 
Washington D C , and later at Manhattan, Kans , m cooperation 
with the Kansas station, started mbred hnes with a yellow pearl 
popcorn similar to Queen Golden Later, C W Bower, also of this 

• Jnnon'M' T cork niPBOTiiiiiR U B Dqa A«r Yearbook im 18t-«32 fflns 1086 
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Bureau, was associated with this work This in\ estimation was 
started mainly as an experiment to compare the efficacy ofmbreeding 
compared with mass selection and eor-to-row breeding as a means of 
popcorn improvement Careful selection was practiced during the 
inbreeding peiiod, both withm and among the mbred hnes, for 




rtmtre 3 — RcpregciiCalive ears of llie t 
Minhybnd 250 i. Line C 


to component iiiLml linei and of tlic crias ii 
I B, line C 6 f Minbjbnd 250 


popping behavior ns well as for characters of ngrononuo importance 
AtX^nclusion of the work m 19p it was found ^ %”™? the 
Bupenor to the foundation material had been Projuct^ Durmg the 
same period, however, merkod improvement in the o^^ ^nety 
htid K^n effected bv mass selection, as referred to earlier m tnis 
article so that when^ the mass selection stram was used as the basis 
of comparison the hybrids showed no supenonty in popping expan- 
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Bion, although somewhat h^her yields and considerably greater um- 
fonmty of the crop were obtamM 
New and much better inbred hnes were beginning to be available 
from the strain already improved by mass selection, so it was decided 
to drop the ongmal hnes and wait until hybrids distinctly superior to 
existing open-poUinatcd varieties m popping expansion as well as in 
yield were available before commerciali/ing them Prehmmary 
trials of hybnds from this ne-acr mateiial have been very promising, 
although the com failures of 1934, 1935 and 1936 at Manhattan 
have greatly retarded the recent development of the work In a 
cooperative field tiial near Colfax, 111 m 1935, 19 of 81 hybrids 
produced m Kansas had popping expansions of 25 0 volumes or more 
m comparison with an averam poppmg expansion of 24 1 volumes 
for the parent stock, Supergold, grown in the same test The highest 
poppmg expansion for any hybrid was 28 5 volumes Yield was m- 
creased even more than poppmg expansion the average yield of 72 
of the 81 hybnds havmg uniform stands being 3 218 pounds per acre 
m comparison with 2 517 pounds per acre as the average of the buper- 
gold checks Unfortunately, the highest yieldmg crosses did not 
also possess the highest poppmg expansion but a few were distinctly 
suponor to the parent open poumated stram m both respects 
The difficulty of combmmg top yields and supenor poppmg expan- 
sion m the same stram or hybnd of popcorn seems to be a common 
experience Apparently the genetic constitution necessary to produce 
extremely high yields also produces too much soft starch m the 
centers of the kernels for best poppmg results Why this is so is not 
defimteW known Perhaps the plant is unable, with the plant food 
materials at hand to produce more than a given amount of the col- 
loidal matrix m which the starch granules are embedded m the homy 
portions of the endosperm, and when greater amounts of endosperm 
are produced mcreasmg proportions are left m the form of soft starch 
If this be the case, the situation is roughly analogous to the difficulty 
of obtainmg a dairy cow with maximum nulk production and maxi- 
mum butterfat content m the same mdividual Whate v or the causes, 
It has been the experience of the antor that some compromise must 
be made m either yield or poppmg expansion or both to secure the 
beet aU round popcorn hybnds from the utihty standpomt 
Less loss of vigor from mbreedmg is expenenced normally m pop- 
corn than m dent com Because of the abihty to find comparatively 
productive mbreds, and because of the small amount of seed required 
per acre, it probably will be possible to utilize smgle crosses largely 
m commercial production The shape of popcorn kernels from 
mbreds is about the same as that from their parent vaneties, and the 
fflze IS usually but httle smaller, so that no mechanical difficulties 
with com planters are encountered m using seed grown on mbred 
hnes m the production of smgle crosses The commercial use of 
smgle crosses simplifies hybnd seed-production problems and makes 
possible a most uniform market product 
In the limited tnals thus far made, ixipcom hybnds between mbreds 
from different vaneties have given the most outstandmg mcreases m 
3 neld This confirms the experience with dent com hybnds, where 
crosses between entirely unrelated stocks m the mam have been 
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most successful Hybnds between mbreds of Supergold and South 


icionw w auuvc, uua auriuuHiy imuiea me uscmmess of most mdi 
vidual crosses of this group A very unusual situation is encountered 
m crossmg South American and Supergold, m that the combmation 
18 perfectly fertile when South American is used as the poUen parent 
but IS almost completely sterile when Supergold is used as the pollen 
parent Utilization of hybnds m\olvmg this combmation must 
therefore be planned so that Supeigold may serve as the seed produemg 
parent Demorec* reports a sii^ar case of stenlity m popcorn 
although the vaneties mvolved and the source of matenal are not 
clearly stated _ 

Synthetic Varietils 


One vanant of the inbreedmg method which has mterested coni 
breedeis for some time, is the possibihty of lecombmmg a fairlj 
large number of selected mbreds mto a synthetic vaiietv that might 
be better than the oiigmal \anetv and which, because of the number 
of component Imes, could be contmued by open pollination wuthout 
senous reduction of Mgor and yield Starting about 1920 with obser- 
vational plots and yield testa of all aiaikble popcorn \anetie8 J R 
Duncan, of the Michigan Station, has selected Australian Hulless 
Japanese Hulless, Japanese Dwarf Rice, and Oueen Golden as the 
most promismg \aneties for his conditions ana has started mbred 
lines withm tliese vanities It is planned to recombme the best 
mbreds mto two synthetic vaneties, one withm the hull less group 
and one within the yellow pearl group Although m field com no 
synthetic vanety of outstandmg yieldmg abihty has yet been pro 
duced, it should bo possible, by ngid selection of the mbred hnes on 
the basis of poppmg expansion, to produce m popcorn a eynthetic of 
high quality No resvdts of the Micli^an experiment are as yet 
available, but its progiess is bemg watched with mteiest 


Breeding for Resistance to Diseases and Insects 
Resistance to disease is an important consideration m popcorn 
breedmg Any parasite that saps the vitality of the plant or pi events 
complete and noimal maturity of the gram tends to lower popping 
expansion Moreover, the diseases geneially giouped as the ear rots 
are particularly obiectionable, since occasional moldy kernels aic 
very undesirable and aie piacticaUy impossible to sepaiate fiom com 
after it is shelled The majority of commercial popcorn dealers and 
processors sort the com by nana before it is shelled, in an attempt to 
ehnunate diseased ears frequently, however, portions of ears with 
early stages of mfection are not ea^y recogmzed, and although such 
com frequently will pop, it has distmctly undesirable flavors 
No project deahng specifically with breeding for disease re^tanco 
m popcorn IS known to the wnter, although m practically all work 
bom with open-pollmated varieties and with hybnds, attention is 
given to freroom from diseases as one of the bases of selection In the 
many field-com hybnds produced expenmentally fiom which the 

miMHic M CROSS sMEOJiy IM MABk 7t«obr Inlukti sAtetan u Versrb KsMire 80 Ml 
Ml ItM 
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commercial hybnds now m production represent a small and highly 
selected portion, there has been marked vanation in quohty It is 
likely that lUst as wide a lange of disease resistance will be found m 
popcorn hybnds Some of the experimental popcorn hybnds referred 
to above are very distmcUy supenor to open-polhnated varieties in 
freedom from diseases 

Insect damage also is very objectionable in popcorn and is seveiely 
discrumnated agamst by the trade Com earworms are the cause 
both of direct damage to the gram and of indirect damage through 
secondary mfestations by other insects and infections with ear rots 
Injury by the com earworm and by storage insects is paiticularly 
severe m the Southern States, where it is a senous problem, especially 
m popcor^ which is used pnmaiily as human food 

At the Texas Agncultural Experiment Station, P C Mangelsdorf 
IS attemptmg to combme the supenor resistance of some southern 
vaneties of field com ■with the poppmg ability of popcorn Of the 
vaneties tned. Yellow Creole has given the most promise of transmit 
tmg msect resistance without interfeiing with popabdity By means 
of a senes of crosses, bockcrosses, and recombmations coupled with 
rigid selection, progress is bemg made and hopes are entertained that a 
desirable popcorn may result that wiU be resistant to gram injuiy by 
msects jjcs CYTOLOGY 

The genetics and cytology of popcorn aie the same as for other sub- 
species of /ea mays These subjects have been discussed in the article 
already referred to in the 1936 Yearbook of Agriculture,® to which 
attention is directed for detailed mformation As a matter of fact, 
many of the testers used in unravelmg the hnkago rt lations m coi n have 
been popcorns or popcorn denvatives Popping behavior is unques- 
tionably a hentable chai acter, but it is probaolo that it represents one 
of the more complex cases of quantitative inlieiitance conditioned by 
many genes 
• JCNKUB M T See footnote 3 
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WHFN the Spaniards invaded South Amenca they found a large 
number of varieties and species of potatoes under cultivation the 
tubers of which w ere used as a common article of food by the nativ es 
Where these varieties and species originated is not well known but 
they seem to be native to the American Continent, smce their lelativ es 
are still to be found grow mg wild on the elevated regions extending 
from the southwestern part of the Umted States to the southern part 
of South Amenca, portacularly on the higher altitudes m Bolivia and 
Peru and the coastal regions and nearby islands of southern Chili 
All the species seem to require a cool cumate, smce they are found 
growmg at high latitudes m r^onsnear the Equator and none is known 
to occur undei tropical conditions 

INTRODUCnON INTO EUROPL AND NORTH AMERICA 
If the ongm of the potato is uncertain, its mtrodiiction mto Europe 
and North Amenca is also shrouded m mysteiy Many intciesting 
legends haye been wntten concerning tlus, but few reliable facts are 
available It is not hard to behove that the Spanish sailois on their 
return from their many tnps to the New World, brought back potatoes 
and introduced them into Spam and Portugal That these were the 
common potato known today and not the sweetpotato is proved 
definitely Iby a report of Clusuis published in his Ranorum Planturum 
Histona in 1601, giving an illustration and descnptioii of a plant sent 
him in 1588 by the Governor ot Mous Ihc floweio wcie light purple 
and the original plant obtained ny Clusius produced a fiuit ball and 
two reddish tubers Fiom Spam and Poitugal the potato was taken 
probably to Italy, from there early m the seventeenth century to 
Austria, then to Germany, from Germany to Switzerland, and finally 
to France The legends surroimding the intioduction into Ireland 
haye a more Jjpuumtic ssttmg They are centered around Diuke, 
one of Queen ISizaDeth’s pirates, who was encouraged by the Queen 
to plunder Spanish ships and Spanish possessions It is supposed 
that on one of these tnps Drake obtained potatoes m the West 
Indies for his ship’s stores and that some of these were earned to 
Irdand about 1586 

Ldttle is known of the mtroduction of the potato mto North Amenca 
It IS generally believed that the Enghsh colomsts of Virgmia and 
Carolina obtained the potato from Spaniards or from other tia\elers 
The most authentic report shows that potatoes w ei e first mx)w n in this 
country at Londonderry, N H, m 1719, from stock brought from 
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Ireland It was for tins reason, no doubt, that the potato was called 
the ‘ Irish ’ potato The name is still used, especially in the South, 
where it 8er\ es to distinguish the potato from the sweetpotato 

Most of the stones of the mtroduction of the potato mto Europe 
and Noith \meiica aie no doubt legendary, as well as some of the 
tricks that were supposed to have been adopted to get people to use 
the tubers for food The spectaculai increase of the potato as a food 
crop however, is not legendaiy, but is one of the miracles of agricul- 
ture Although it 18 only a httle ovei 300 yeais smee the first mtro- 
duction into Euiope and about 200 years smee the fust importation 
mto the t mted States fiom L eland, the potato w now mown m almost 
every important agiicultuial countiy m the world The crop for the 
Umted States and Canada for 1934-36 was neaily half a billion 
bushels and the total for the woild, not mcludmg the Umon of 
Soviet Socialist Republics and Chma, for which no data are available 
bad leached the stupendous figuie of over 6 bilhon bushels 

BOTA\IC4L RLIATIONSHIPS 

The potato belongs botamcally to the section Tuberanum (50) * of 
the genus Solanum, the members of which aie, with few exceptions, 
tuber beaiing This section compiises not only the cultivated forms 
but many wild species Smee it is piobable that undiscovered species 
occur in regions not yet explored by botanists, the total number cannot 
be defimtely stated, but it is believed to exceed 100 

Ital c n mber n ptreathe « relar to I tentore < tod p 


MILLIONS of ddlars are spent each year in proiiding tvays and 
means of protecting the potato crop from diseases, and these colossal 
efforts hate done dieir part in providing the consumer with potatoes 
fit for consumption, but in spue of them, many millions of bushels 
are lost eadiyear The annual loss frmn late Uigfu alone has aver- 
aged 9,000,000 bushds for the past 10 years Thus disease re- 
sistance has been a major objective in die wdl coordinated national 
potato-breeding pi ogiam now being conducted througfiout the United 
States, in which the Department of Agricttlture and all interested 
States dosdy cooperate Already many varieties have been ob- 
tained resistant to late bli^, to scab, and to two of the mosaic dis- 
eases The results indicate that by using genetic principles as a 
working tool, U should he possMe to solve many if not all of the 
disease problems of potato growers by combining resistance with 
superior qualities of economic importance, suth as shallowness 
of eye, desirable shape, good cooking qualuy, hi^ yield, and 
adaptabdity to local conduums 
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Considerable confusion has existed m the past in legaid to what 
has been consideied the species Solanum tvberorum L , which has 
generally been understood to compiise all cultivatetl vaiieties of po- 
tato These have recently been assiped by Bukasov (9) to 14 species 
According to his classification, S tvStro^m includes the Chilean culti- 
vated foims as well as the commetcial varieties of Noith Amciicn anu 
Europe, which he believes to be of Chilean oiigin Most of the com- 
mon cultivated vaiieties of the Andes region aie placed m the species 
S andigenum Ju/ and Buk The 12 lemaining species aie grown m 
small local aieas m the Andean countiics and moie oi less lesemble 
the wild species in then geneial appeaiance It is doubtful whethei 
any of the cultivated vaiieties of Europe and Noith Vmeiica as known 
today have been deiived from them 

lARLY IMPROVIMINT IN Till POTATO 
Thuu is little mfoimation available legarding the source of the potato 
stock giown dining the fust 100 ycais aftei its introduction into the 
I nited States It is behexed that not many new vaiieties of impoi 
tance were pioduced during that peiiod Dm mg the second centuiy 
of potato culture in this country, however, there was gieat activity 
m the production of new varieties Data repoited on 228 of these 
vaneties show that they ongmated in 21 States New York and 
Vermont, howexei, produced 50 percent of the total number Of the 
160 vaneties whose date of ongin is known, 80 peicent weie produced 
dunng the 40-year poiiod 1801 to 1900 and 48 percent dining the two 
decades 1871 to 1890 {12) 

The most important vaneties pioduced duimg this lOO-year peiiod 
and then ongmators, as reports by Stuart (71), aie given m the 
appendix 

Special mention should be made of C E Goodrich, as his work 
was the first to produce lasting results He beheved that the dis 
astious epidenucs of late blight during the years 1843-47 were the 
result of a reduction m the vigor of the plants caused by long-continued 
propagation by xegetative moans and that this vigor could be re- 
stored by growing plants from true seed While ho did not succeed 
m the control of late blight by this means, he may be considered to 
have laid the foundation of potato breeding m this country by fur- 
nishing material to be used by othei breeders The ancestry of 170 
vaneties can be traced bock to Ooodneh’s Garnet Chili, a seedhng 
of the imported Rough Purple Chih They mclude several of 
the well-knowm vaneties of commerce, such as Beauty of Hebron, 
Burbank, Early Ohio, Early Rose, Green Mountain, Prolific, and 
Tnumph 

The work of Pnngle, as recorded by Stuart (71), is outstandmg m 
that it represents what is beheved to be the first systematic effort to 
obtam seed by controlled hybndization This seecf was not only used 
for the production of the varieties he mtroduced but was dissemmated 
to others through his contract with a seedsman m New York to furnish 
hybndized seed at $1,000 a pound 

Many vaneties of excellent quality and lugh yielding abihty, w^h 
were the pnncipal objectives, were produced dunng this penod ^e 
work, which made important contiibutions to the agnculture of this 
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country, was earned on entirely by pnvate agencies rather than by 
pubhc institutions Most of the men engaged m the early work were 
practical potato growers, except C E Goodneh, who was a cleigy- 
man, of Utica, N Y , and E S Carman, who was editor of the Rural 
New Yorker PRESENT DAY PROBI EMS 


The commonly grown commercial voiicties of potatoes differ from one 
another m earlmess, tuber sham, adaptation, depth of eye, cooking 
quality, and 3rieldmg abdity In certam of these characters, such as 
yieldmg abihty, some of these vaneties have reached a high standard 
of exceUence when grown under conditions to which they are adapted 
These same vaneties are, however, poor m other characters Some are 
not adapted to a wide lange of conditions, others have deep-eyed 
tubers, which cause waste m preparing the potatoes for cooking All 
ore susceptible to one or more of the common potato diseases, mclud- 
mg the virus diseases, late blight, common scab fusanum wilt, 
rluzoctoma, early bhght, and blackleg Control of these diseases 
requires a continual fight on the part of the potato grower and adds 
greatly to the cost of producing the crop 
The group of diseases caused by viruses are perhaps the most wide- 
spread and the most baffling In this group ore found mild mosaic. 
Latent mosaic, leaf roU, spmdle tuber, and yellow dwarf These 
diseases occur in every potato-growing region of the United States, 
and it IS probable that not a smgle field could be found entirely free 
from them They are not new Their effects have been observed 
by growers for many years but for a long time it was thought that they 
were due to "runnmg out ’ or ‘ degeneracy *, brought about by grow- 
mg potatoes year after year from the same tuber stock It is only a 
few years since it was discovered that these troubles are due to virus 
diseases It was soon observed that some vaneties did not “run out” 
so qiuckly as others, or, as we now say, some vaneties are more 
resistant to the attacks of certain viruses than others Showing 
that such differences must have a genetic basis, breeders are workmg 
to obtain resistance to these diseases m combmation with other 
characters of economic immrtance 
Late bhght, caused by IPhytophthora infe^ans (Mont ) DBy , adds 
moie to the cost of producing the potato crop than perhaps any of 
the other diseases The losses from this disease alone have been 
more than 9 million bushels a year for a penod of 10 ^ais, according 
to estimates issued by the Division of Mycology and Disease Survey, 
Bureau of Plant Industry, United States Department of Agnculture 
In some seasons and m certam localities the disease causes very httle 
damam At other times (as m 1927, 1928, 1932, and again m 1936) 
large Tosses are sustained by growers The heaviest loss for any one 
year, nearly 31 million bushels, was reported m 1928 That year 
late blight was reported in 16 States, with the loss m New York esti- 
mated at approximately 13 miUion bushels In 1932 the reduction of 
the crop was estimated at 9,230,000 bushels, the greater part of 
which, 9,068,000 bushels, was reported from Marne Again m 1936 
heavy losses occurred m Marne 

It IS true that late bhght can be controlled to a lai^ extent by 
oareful spraying with bordeaux mixture, but despite the fact that 
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control measures are being practiced more generally than ever and 
that spray equipment has been unproved and spray progrims have 
been more faithfully earned out, lai^e losses contmue to occui not 
only from reduction m yields but also from mterference with market 
mg operations Rot may develop on infected tubeis m storage and 
m transit Because of the imccrtamty involved the buyer is reluctant 
to purchase potatoes for storigo purposes Tlicie is considerable 
expense every time a carload is ri^aded at a ternunal market and 
this happens frequently m bh^t yeais These losses all affect the 
grower 

Common scab caused by Aetinomyees scabies (Thax) Gues is 
another disease that takes a toll from the giower The orgamsm 
causmg this disease hves over m the soil and is also cimed on the 
tubers Treatments have been recommended thit wiU kill the 
organisms on the tuber but no one has yet devised a method to fully 
piotect the growing tubers from the soil home oi^imsms 

Millions of dollars are spent each year m providing ways and means 
of proteitmg the crop from the attacks of these and other distases 
hut comparatively httle attention has been paid to obtainmg vaiieties 
resistant to the attacks The colossal efloits m the way of plant 
piotection have done their part m providmg the consumer with 
potatoes fit for human consumption but m spite of these efloi ts milhons 
of bushels of potatoes aio lost eich year Res ilts already obtamed 
mdieste that by usmg genetic principles as a woikmg tool it should 
be possible to solve many if not all of tliese problems by pioducmg 
mw vaneties m which resistance to vanous diseases is combmed with 
other churactcis of economic impoitance s ich as shallowness of eye 
desirable shape good cooking quality and high yield 

In the production of such vanities the plant bretder must be 
famihar with the local problims of growers ho must have a knowledge 
of the existing vnrictns and the important economic chiiacters of 
each and he must be familiar with the botanical structure and 
hihavior of the various parts of the growmg plants A knowledge of 
the modes of k production with the advantages ami limitations of 
eacli IS the lust essential 

UrPRODUCTION I\ THl POFATO 
Tiir pota to plant is i eproduced in tw o w lys In commei cial pi actico 
It 18 grown from tubirs a method of vegetative oi asexual reuroduc 
tion Plants can be grown from true seed however by sexual repro 
duction AsfXDAi, Repkoduction 

A number of mutations m the vegetative cells of potatoes have been 
studied and desenbed but they are too few and for between to M 
rehed upon m a breedmg program as the only source of variation In 
many cases too the changes are of mmor importance Clark (IS) 
has described several mutations that have occurred m the color of the 
skm and of the eyes Salaman {57) classifies mutations of this sort 
accordmg to whether they are duo to the acquisition or to the loss of a 
character and whether they affect tho tubei only or the whole plant 
Mutations due to the loss of a character are by lar the most co^on 
There are a number of mstances where the rid tuber loses part of its 
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color and becomes “splashed”, or loses all of its color and becomes 
white. Purple tubers may b^me red, purple splashed, or white. 
Somewhat similar changes have been observed for flower color. 
Mutations due to the acquisition of a character, which might be called 
positive mutations, are much rarer. Examples are a red-tubered 
sport from a white-tuberod variety, or a fuUy colored one from a 
partially colored variety. Mutations occurring in more than one 
character in the same individual are extremely rare. Mackelvie (35) 
reports such a case in which there was a white-tubered mutation com- 
bined with a different leaf shape from that of the parent variety. The 



I igure J — PoUito plants grunn from true seed in the greenhouse. These plants have 
been transplanted from the gennuuUon pots to individual pots where they will be 
grown until they are transplanted in the field. 

leaflets of the mutant were narrower and more pointed. The yield 
was reduced also. 

East (33) carried out some rather carefully controlled studies on 
the occurrence of somatic or vegetative mutations in the potato. In 
these studies each variety was started from a single hill. During the 
course of the study five permanent changes from pink to white tubers, 
two permanent changes from long to round tubers, and four instances 
of changes from shallow to deep eyes were observed. Selection for 
high nitrogen content gave n^ative results. 

Clark (Id) made a study of ^ commercial varieties to determine 
whether their ori^ couid be accounted for by mutation. The 
methods employed were those reported by Asseyeva (1) for this 
purpose. They consbted of removing from the eyes of the seed pieces 
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the outer layers of tissues, winch, m skin-eolor mutations, are the 
mutating tissues This allowed tlie sprouts from whu h the plants 
under test were grown to develop from the deeper layers, the oiiginal 
unchanged tissue Clark found that four of the vaneties studied were 
mutations in the outer layers of the tuher Two were mutations from 
smooth skin to russet skin, the third was a mutation from colored to 
colorless skin, and the fourth from colorless to colored skin 

That the occurrence of such mutations has not been an important 
fac tor in the development of potato varieties is shown by Clark {12), 
who reported that of 380 varieties that have ongmated in the United 
States and have at one tune or another been mtroduced to the com- 
mercial trade, 306, or 93 i percent, were of seedling ongm, and only 
22, or 6 7 percent, were reported as so-called sports or mutants Of 
the 22 varieties reported as sports, 4 are white-tubored from varieties 
with colored tubers, and 4 are late-matunn^ venations found m early 
vaneties The meagei information regarding the other 14 furmshes 
no basis for determining whether they were actual mutations or mix- 
tures earned in the seed stock or volunteers that had persisted in the 
soil from some preceding crop 

Even if only a few inncties ha\e aiisen as the lesult of somatic 
mutations, they are still a source of vanation that cannot bo ignored 
entirely by the breeder 

Smee it IS cimto impracticable for the plant biceder to make much 
improvement by selcctmg tubers of a vaiiety with the hope of getting 
something new, ho has to resort to the use of seed as a means ol indue - 


mg vaiiations 


Slxual Reproduction 


As has been shown by Clark {12), most ol the vaneties that have 
ongmated in the Umted States were produced bv growing plants from 
true seed (fig 1) Salaman {65), chscussmg the production of new 
vaneties from the same source m England, stat^ ‘ It is by this 
method that practically every vancty which has ever been raised since 
the introduction of the potato in 1588 has been attained ” 

True seed is a product of sexual reproduc tion and is found in the 
fruit or ball, which is quite siniilar to a small tomato (fig 2) Under 
certain conditions these fnnts are produced in abimdance on some 
vaneti<?s but are rarely if ever seen on others They are the result of 
the matunng of the flower, and each of them may contam 200 seeds 


or more 

The flower of the potato is what is known to botanists as a complete 
flower with calyx, corolla, stainensjand pistil There ai o usually five 
stamens surrounclmg the pistil The process of polhnation is very 
simple because of the simple stiucturo of the flower parts Pollen 
may be brought to the stigma of the pistil m several ways In varie- 
ties in which ^e pistil is the same length as the stamens or shorter, 
the mature anthers may come m direct contact with the stigma Whim 
the pistil 18 longer than the anthers, pollen may fall upon it when the 
flower droops over, as it frequently clocs at tlie end of the day Insects 
may be responsible for a much greater amount of cross-pollmation 
than IS commonly supposed , m some locahties bumblebees and honey- 
bees are often seen visitmg potato flowers Pollmation may be 
effected also by the mampulations of the plant breeder 
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^ The technique of cross-pollinating potatoes by hand is compara- 
tively simple, but since relatively few varieties produce viable pollen, 
the setting of seed is often very small in amount. If a variety produc- 
ing viable pollen is used as the female parent, the flower must be 
emasculated, that is, the anthers must be removed This must be 
done before the anthers 



are mature, or the 
flower will be self-polli- 
nated. Generally 
speaking, the anthers 
should be removed be- 
fore the pistil protrudes 
through the bud, or a 
(lay or two in advance 
of the opening of the 
flower. A pair of sharp- 
pointed forceps is the 
only instrument nec- 
tary. All the flow ers, 
in the cluster that are 
m the right stage of 
matuiity are emascu- 
lated, all others are 
icmovod, and theinflo- 
lescence is enclosed in 
a 1-pound paper bag, 
which is securely ti^ 
on If the variety 
used as the female par- 
ent does not produce 
viable pollen, it is not 
necessary to macu- 
late before pollinating. 

In pollinating, 
flowers with anthers 
ready to open are ob- 
tained from the male 
parent. These are 
placed on the thumb- 
nail and the anthers are 


. » « j . .. L . , ... tapped gently with the 

figure 2.— Potato seed balls, the result of natural poUi- Tho a t i cr m n. 

Mtion of a Tanety that produces fertile polleiT lorceps. 1 Ue S tlgmU 

^ of a se^ parent is then 

gently rubbed in the pollen on the thumbnail until it is completely 
covered (fig. 3). The treated flowers are covered with the paper bag 
again. It has been found best to enclose as much folia^ with the 
flowers as possible, to protect them from inju^ and to supply moisture; 
otherwise the flowers may diy up and fall off. The failure or success 
of the fertilization can be determmed within a week or 10 days (fig. 4) . 
As soon as the seed balls develop, the paper bogs are removed 
and replaced by a cheesecloth sack, which is tied securely to the 


vmes 
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Every breeding method has its advantages and limitations and 
which one or wluoh combination is used depends to a large extent on 
the problem mvolved m a particular case 1 he potato breeder today 
uses (1) the introduction of now varieties or bpccics (2) selection of 
clon^ lines (3) vanctal crossmg (4) sib matmg (brother sister mating) 
(5) backcrossmg to parental lines (6) selhng and recombining stllcd 
hnes (7) outcrossing to unrelated lines (8) sti un building imd (9) 
crossing of difterent species 

Smee a discu sion of these steps and methods mvolves x number of 
rather tcchmcnl points it will be postponed until later in this niticle 
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aftei the work now being done in potato biccdmg ui the United 
States has been outlined 

TJIt NATIONAL POTATO BRFLDING PROGRAM 
Because of the effect of envuonment on the fruitfulness (seed pu- 
duction) of potato plants it is difficult if not impossible loi many of 
the State experiment stations mterested m some aspect of potito 
bieedmg work to produce tiue seed llna would pi event the applies 
tion of genetic principles to bleeding pioblems and close the most 
promising avenue for then solution Certam Noithern States and 
other States with mountamous regions where potatoes can be giown 
at high elevations aie especially favoied, smre tiiie seed of many 
strams and vonetics as well as tubers of good quality, lelatively free 
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from disease, can be produced in such places. In potato breeding, 
then, more perhaps than in any other breeding project, it is neces- 
sary that the interested States cooperate in their attacks on the 
many problems involved. 

Okganizaiion of the. Work 

Since problems and objectives in potato breeding often cut across 
State lines and involve large regions of the entire country, the breed- 
ing work has been organist as a national project with all the inter- 
ested State experiment stations and the United States Department of 
Agriculture cooperating A number of the cooperating stations are 



Fifftre 4 . — Seed balls 8 days after tbe pollinalion opera tioa shovta in bgure 3. These 
frails are the source of seeds from wfaicb new vaneties are produced. 

now carrying on complete breeding programs — that is, they are able 
to produce true seed and raise scetiling progenies for genetic analysis of 
the material they ore interested in, and at the same tune to produce 
improved varieties. The States of Minnesota, North Dakota, Michi- 
gan, New York, Louisiana, and North Carolina and the Department 
working in Maine and Colorado are at present producing true seed. 
If any of tliese find they can use more seed than they are able to 
produce, a supplementaiy supply is sent from Maine, Minnesota, or 
Colorado, or from any other State that has a surplus. True seed 
is also sent to other States not able to produce their own, such as 
Iowa, and in 1936, Nebraska and Wisconsin. The last two States 
have recently imdertaken complete potato-breeding programs. 

A number of States that do not grow potato seedlings test the most 
promising seedling varieties produced by others. New introductions, 
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parent mateiial, and tubers representing seedling progenies are 
distnbuted to any State expenment station that can make use of 
them The Department has been active in the production and 
distribution of such matenal and by common consent of the cooperators 
has been designated as the coordinator and elcanng house for the 
project 08 a whole A brief outline of the work earned on at the 
vanous stations under this project follows 

For a number of years the Department ivorkeis have been carry- 
ing on an mtensive program of potato breedmg at Presque 
Isle, Maine, m cooperation with the Maine Agnoiiltural Expcii- 
ment Station As a part of the national potato-breeding program 
they are now engaged m (1) the production of tnio seed for use 
at Piesquo Isle and for distnbution to othei cooperating expeii 
ment stations, (2) distribution of single-tuber selections of vanous 
progenies to cooperating stations, (3) distnbution of named and 
numbered seedlings for tests at other stations, (4) yield tiials, (5) 
disease-resistance tests, includmg resistance to mild mosuc, latent 
mosaic, spindle tuber, leaf roll, late blight, and common scib, (0) 
genetic and cytological studies and (7) the production of eaily- 
inatimng vanetics In all this work higher market and cookmg 
quality are being considered 

The woik at the United States Hortieultuial Station, National 
Agncultuial Research Center, Beltsville, Md , is interwoven vitli 
that earned on at Presque Isle and at other stations included m the 
national potato-breeding program Two of the important aspects 
of the woik at this station are the production of seedlmgs and the 
testmg of seedling piogenies and parents for resistance to virus diseases 
such as mild mosaic, latent mosaic, leaf roll, and spmdle tuber Tests 
aie also made m the gieenhouse for resistance to late blight and to the 
attacks of Fusanum eumart%% Cup and m the field for resistance to 
F ory<tponim Schl Resistance to blackleg is bemg studied m ceitain 
progemes 

Iowa produces seedhng progenies from seed fuimshed from Marne 
and Minnesota and tests the promismg matenal produced by other 
cooperating States foi its adaptabihty to Iowa conditions 

Ixmisiana produces some of the seed used m the production of 
seedling progemes Other seed and matenal are supplied by Minnesota 
and the Department Resistance to vanous diseases and adaptabihty 
of potato vanetics to southern conditions are bemg emphasized 

The work in Miclugan consists of gi owing seedling piogemes, 
testing Department seedlings and those produced by other cooperating 
stations, mcreasing new vanetics, carrying on disease-i esistance 
studies with special reference to yellow dwarl and common scab, and 
produemg eaily vancties with bettor inuket and table qiiahty and 
vanetics more suitable for muck soils 

In Minnesota secuiing resistance to viius diseases and to common 
scab in combma tion with early matunty is the m un pi oblem A study 
of inbioedmg and the recombinations of inbred hnosis being earned on, 
and aJso a study of the cytological behavior of species hybnds 

In New York (Cornell University) lesistance to late blight, usii^ 
an immune wild species ns the parent fiom which to obtain resist- 
ance, 18 one of the objects of the breedmg \iork Tests for resistance 
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to Btreak and leaf roll are being conducted A much enlarged program 
IB just now getting under way, which will emphasize market quahty, 
cooking quauty, adaptabdity, and resistance to a number of diseases 
other than late blight 

In North Carolina the work consists of the pioduction and testing 
of seedhng progemes produced at Raleigh and the testmg of the most 
promismg material grown at other stations The emphasis is being 
placed on earhness and on resistance to disease and to leafhopper 
m]ury 

North Dakota produces some true seed but is supplied for the 
most part from Presque Isle, Maine Varieties as early as Irish 
Cobbler but smoother and luglier jnelding aie being sought 

The Department workers at Greelev Colo are attacking the 
problems of resistance to wilt to psylud yellows, and to common 
scab m relation to otliei characters of economic importance 

In Nebraska potato breedmg work has only recentlj been started 
Earhness, yield quahty, and resistance to diseases will be empha- 
sized To begin wnth, resistance to fusaiia is bemg studied 

In WiBConain a complete breedmg program has recently been 
undertaken Studies of the breeding behavior of lesistance to com- 
mon scab and virus diseases as well as of othei characters of com- 
mercial importance are getting under way 

In Charleston, b C , at the United States Regional Vegetable 
Breedmg Laboratory, breeding work recently initiated wul deal 
with the problems of potato production in the coastal region of the 
Southern States, which center around yield, earhness, and drought 
resistance 

In Pennsylvama, at Dnfton, a test project for potato wait resistance 
IS conducted by the State Department of Agnculture in cooperation 
wnth the Umted States Department of Agnculture A number of the 
most promismg named and numbered seedhng vaneties are tested 
for resistance to this disease each year m soil infested with organisms 
that cause the wart disease 

In hlonda, at Hastmgs, the Flonda Agncultural Experiment 
Station has begun the study of resistance to brow n rot in the potato 
m cooperation with the Department A few vanoties and seedlmgs 
have already been tested, and the experiment will be greatly enlarged 
ml937 

In Indiana, Purdue University has recently imtiated a program of 
breedmg for disease resistance as a part of the national potato-breedmg 
program 

In addition to the special problems enumerated above, the follow- 
ing States are cooperating to detemune the adaptability of the new 
named and numbered seedhng vaneties produced by the Department 
or by any of the State experiment stations California, Connecticut, 
Flonda, Indiana, Iowa, Ransas, Louisiana, Maryland, Massachu- 
setts, Minnesota, Michiran, New Hampshire, New Jersey, New York, 
North Carolina, North Dako^ Ohio, Oregon, Rhode Island, South 
Dakota, Tennessee, Virginia, Washmgton, and Wisconsm 

The cooperative potato-breedmg work has not stopped at national 
boundanes, for matenal has been exchanged with a number of workers 
m Canada and other foreign countnes 
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RECFNr Results with Various Methods of Breeding 
Clonal SeJecUon 

Progress has been made by the use of clonal selection in the State 
of New York According to a recent unpubhshed report by J R 
Lavermore, one of the coopeiators in tlie national potato-breeding 
program, this method haa been employed m connection with potato 
improvement work at ComcU University in cooperation with growers 
since 1905 Four vaiietiea have been selected from the Smooth Rural 
(Rural New Yorker No 2) and named These arc Heavyweight, 
No 9, Ihoneer Rural, and Toanco 4 A strain of Irish Cobbler has 
been named Pioneer Cobbler Many other high-yieldmg clonal lines 
have also been selected from commeicial vaiictus and are being pro- 
duced by vaiioua growers Wliite-skinned bud spoits from russet 
stock, the plant tops exhibiting beat resistance and the rugged vigor 
of the Russet Rural, have also been found The Red Waroa, one of 
the varieties recently introduced by the Minnesoti Agncultural 
Experiment Station, occurred as a bud mutation from the Warba 
This might be considered a clonal selection By tlic me thod of cai eful 
selection withm a vanety or cion, not only are mutations uncoverecl 
but disease-free matenal is obtomed, which m itself is justification 
for careful observation and selection 

Inbrteding and RtcombinaUon of Sclfed Lims, Etc 

F A Krant/, of the Lmversity of Minnesota, another of the coop- 
erators in the national potato-breeding program, has been plating 
greater emphasis than othci breeders on the method of selection in 
selfed lines and lecombinations between them The results have been 
very similar to those found by the coin breeders, that is, selfed Imes 
become homozygous and are less vigorous than the parent stocks 
fiom which thev onginated Certun undesirable characters haie 
segregated and been eliminated, such as short intemodes, prostrate 
plants, simple-leaved types, chlorophyll deficiencies, and tubei abnor- 
malities Most important fiom the breecbng standpoint, a number 
of self-fertile lines caiiymg desirable characters have been selected 
In a bnef unpublished summary of results to date, Krintz says 

Selection ni self fertilized lints 1 as Ixtn effccti\e in tstal)ll^hlllK pollen fertility 
in combination with a wide varit ly of other tharattcr* Used in combination with 
outcrossing it has facilitated the detclopment of a largi body of seed setting 
material possessing selected germ plasm of the common varieties 

TTic results show that it will be possible through this mtthod gradually to 
combine the best germ plasm in the potato into a useful form for breeding pur 
poses The difficulties involved are the absence of mfomiation on the best 
selection technique and the necessity of developing one suitable for effectively 
selecting and combining desired characters PolUn sterility at the outset also 
presented a serious problem since selection was restricted to the seed setting indi 
viduals The difficulties mentioned are associated with potato breeding in 
general and are not specific to any particular method Information is gradually 
accumulating on methods and technique of selection in inbred lines The difficulty 
of maintaining and continuing inbred lines has been greatly reduced through 
selection for high fertihty Comparisons have been made and arc in progress of 
varietal crosses, single crosses three way crosses, and top crosses to determine 
the relative hybrid vigor that might be expected from the different types of combi- 
nations The inbred lines are valuable for their concentration of desirable char- 
acters m combination with poUen fertiht}, early maturity, upright sturdy vinw, 
resistance to certam virus diseases, fine cooking quahty, and varying rest periods 



418 


YEARBOOK 1937 


Species Hybridization as a Mediod of Obtaining Late Bh^t Resistance 
and Frost Tolanmce 

Most of the attempts to produce blight-mmume varieties of com- 
mercial value by the use of species hybrids have resulted m failure 
Recently, however, Donald Reddick, of Cornell University, also a 
cooperator in the national potato-breeding program, has been gettmg 
promismg results from such h^ bnds For a number of years it had 
been known that certam forms of Solanvm demisanm Lindl were 
immune to late blight In 1928 Reddick began usmg hybnds between 
these and cultivate vaneties m an attempt to combme this immumty 
with characters of the cultivated forms Two years later the Depart- 
ment sent Reddick and three men from the Division of Plant Explora- 
tion and Introduction, C O Erlanson, Paul Russell, and M J Sou- 
viron, on an expedition to Mexico to find, if possible, more sorts of 
potatoes, either wild or cultivated, that might be resistant to this 
disease A large number of collections wete made Among these 
sex eral vaneties of S demiasvm were found to be immune and to have 
at the same time some frost toleiance 

In commentmg on the methods and some of the d iffit iiltics that arise 
in this work, Roddick says 

The object has been to get the I light immur itx ai d frost tolerance of n wild 
plant into a plant of commercial value Owing to sterilitv incompatability etc 
the results thus far have iiecn simply what could be got not what it was planned 
to get Efforts have been made from the beginning to determine the mode of 
inheritance of blight immunity and frost tolerance but inability to obtain sots of 
eecds of the kind desired has prevented determinii g the mode The original 
crosses are interspecific ai d inxolve hybridizing 72 chromosome plants with those 
having 48 chromosomts Practically all of the crosses have had to bo 48 male to 
72 female because the reciprocal cannot be effected The second generation of 
such crosses does not segregate but * reverts to the wild type Repeated back 
crossmg eliminates most of the wild characters but blight iinmunitv is transmitted 

This work has been m progress since 1928 Some of the famdics 
aio progenies resulting from an ongmal species hybnd between an 
immune species and a cultivated vanety that has been backciossed to 
cultivated vaneties four successive times Fifty percent of the 
progeny of the fourth backcross are immune to the late blight disease 
As a result of this work Reddick has at the present tmie about 500 
families of plants immune to late blight Possibly 50 or more of these 
are approachmg the commercial ideal as to sire, coloi, shallowness of 
eye, heat tolerance, and date of matunty They are still to be tested 
for yield, gush tv, and adaptabihty to vanous localities A few of 
these fai^es will stand at least four degrees of frost 

Results m Relation to Disease Resistance 
Resistance to Virus Diseases 

The potato breeders and pathologists of the Department, using the 
methoiu mcluded in stram building (p 429), are making real progress, 
both from the standpoint of scientifio knowledge and of practical 
results m breeding for resistance to virus diseases One vanety 
produced, U S D A seedling 41956, is highly resistant if not immune 
to the virus of latent mosaic It has been exposed to the disease m 
the field by being grown near other vaneties known to have this 
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disease and diseased stocks of other varieties have been grafted on 
the stems and on the tubers but so far it has withstood every attaek 
A numbei of the progeny of a cross in which this variety was used as 
one of the parents show the same character which mdicates that 
immunity to latent mosaic is hentable A number of other seedhng 
vanetics are resistant to this same virus in the field exposure testa but 
contraet the disease in tuber graft tests where it is expressed as top 
necrosis or death of the top of tho plant On the other hand several 
attempts have been made to find even a sing le plant of Green Moun 
tain free Irom this disease but up to the present time such attempts 
hxvc lesulted m failure 

A large number of seedhng varieties are highly resistant m the 
field tests to another virus disease mild mosaie perhaps the com 
monest of the rumung out diseases These varieties have all 
contracted the disease however m the more severe tests of tiibei 
griltmg In companson with these resistant types Green Mountain 
hxs been known to bceeme 100 percent disused with mild me sii m 
the field exposure tests w ithm a period of 3 years 

The fact that two viius diseases can be controlled by the pioductiot 
of resistant vaiieties Lives hope that other virus cfiseises suth is 
spmdlo tuber and leaf roll can bo controUed m a similai manner 
C oniprehensive field exposure and tuber graft tests of a largo i umber 
of seedhugs and viiietics are being made at the present time to 
determme whether any of them are lesistant to either of these latter 
diseases So far the lesults have not been eneouraging Although 
there have been a few escapes in the field txposiue teste it is quite 
possible that none of the vanetus so far tested is resistant to eithei 
of these chseases Some of them may cany recessive factirs for 
resistance however and many of them will be analyzed gci etically 
to determine whether this is the case and if it is eflorts wul be made 
to combme the resistance with other characteis of importance to the 
grower In the case of leaf roll a few recent introductions are 
rt ported to be resistant and will be used m future woi k At tho s ime 
time the search m the United St itos and in foreign coimtnos will bo con 
tmued until typos resistant to every vinis disease are obtamed oi until 
all the possibiLtics lor linchng resistance are completely exhausted 

ResisUince to Late BluJu Denvtd from Culttiated Vanmts 

Breeding for resistance to late blight was begun at a compai atively 
early date In 1870 Darwm attempted thiough the use of species 
hybnds to produce varieties resistant to Phytophihora but was evi 
dently not successful Accorduig to Stuart {71) the first American 
breeder to attempt the control of late bhght ^ the in trod iction and 
production of blight resistant varieties was Chauncty Goodrich of 
Utica, N Y whose work has already been mentioned This w oil 
was based on a small quantity of South Amencan potatoes that he 
received m 1861 through the Ameiican consul at Panama A number 
of other breeders made valuable contributions di nng the latter jport 
of the nmeteenth century but with the exception of the ^oik of 
Goodrich resistance to late blight scema not to have been emphasized 
m the Umted States until potato breedmg was actively imdertaken 
by the Department m 1910 
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According to Clark et al (18), the only disease resistance sought at 
the tune was to the late blight fungus This work had not progressed 
veiy far, however, when it oecame evident that the virus diseases had 
to be given the chief consideration, and it was not until the present 
national potato-breeduig program was under way that emphasis could 
be placed once more on b^reeding for resistance to late blight Reddick, 
workuig in cooperation with the Department, had already undertaken 
the solution of this problem, using species hybrids The Federal 
work at Presque Isle, Marne, and BdtsviUe, Md , mcludes the genetic 
analysis of the cultivated varieties to determine the possible existence 
of bhght-resistant factors 

In 1932, when late blight caused the loss of over 9 milhon bushels 
of TOtatoes m Marne, 700 soedlmgs, representing 4 different progenies, 
_q[ about 100 Green Mountain weeks, were grown at Presque Isle m 
test rons of from 20 to 30 hills each This plot, about I'x acres in 
area, was not sprayed with bordeaux mixture but was sprayed in July 
with a smgle apphcation of calcium arsenate to kill the Colorado 
potato beetle Late bhght infection was first observed on July 22 
Conditions favorable for the spread of the disease prevailed during 
August, so that by the first week in September nearly all the seedlings 
ana all the Green Mountam checks were completely kiUod, botli leaves 
and stems A few seedhngs had stems and about one fifth of the 
leaves remamed free from blight infection, and a still smaller group 
had only a few infected leaves There were no seedhngs completely 
free from the disease A number of the most resistant lines were 
found in a progeny of Katahdm, naturally fertilized A few seedhngs 
of the cross Chippewa X Katahdm, both of which are susceptible to 
blight, escaped with vciy httle mjury From this test it was evident 
that there are different degrees of resistance that resistant varieties 
can be obtamed by inbreeding certam susceptible vaneties and by 
crossing tw o susceptibles The test showed also that lateness is not 
completely correlated with bhght resistance or escape, smee dl the 
seedlmgs were comparatively late, but hundreds of them were killed 
by bhght before they had time to mature 

Smee 1932 a large number of vaneties and seedhngs have been 
tested for resistance, some of them at Presque Isle, Marne, and some 
m the greenhouse at Beltaville, Md , under conditions favoring heavy 
mfection At Presque Isle blight spores are sprayed on the plants 
under test on evemngs preferably cool and damp In the greenhouse 
steam is turned mto the section m which the plants are being tested, to 
produce a high humidity, and the plants are then sprayed with spores 
of the fungus Heavy epidemics are usually mduced by these method, 
and unless a vanety is resistant, there is little chance of escape A 
number of mtroductions from Germany and elsewhere, as well as a com- 
paratively larce number of progenies, have been put through these 
tests during the last 4 years The results obtained wnth some of these 
were report^ by Stevenson et al (67) and need not be repeated here 
It should be said, however, that there are now available hundreds of 
vaneties and seedhngs showmg vaiying degrees of resistance to late 
bhght A few produced from seed received from E O Muller, Berhn- 
Danlem, Germany, have completely escaped mfection, even under 
epidemic conditions such as prevailed m the Presque Isle tests m 1936 
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From the commercial standpomt one of the most promismg selec 
tions up to the present time is from a cross of Chippewa X Katahdin 
This variety came throiieh the epidemic of 1932 unsprayed with 
bordeaux mixture throughout the growing season with very slight 
injury It has been mcludcd m the greenhouse tests at Belts^e and 
again m the field at Presque Isle m 191b and protlucos a good crop 
even when sprayed with blight spores It has yielded slightly more 
than Green Mountain for an average of 5 years at Presque Isle and 
has good cool mg Quality when grown at Aroostook 1 aim Other 
promismg scedlmgs highly resistant to blight aie from a cross between 
No Bhght and Katahdin No Blight is desenbed by Hondo (6) 
under the name loster Rustproof and Katihdin has been described 
by Clark et al (18) No Blight is quite rtsistint to late blight 
Katalidin is susceptible but it carries a factor or f ictors foi resist ince 
m a heterozygous condition as is shown by the fact that blmht 
resistant seedlings have been found in a piogeny of Katahdm stlfed 
Some of the bhght resistant scedhn^ from the cross No Bhght X 
Katahdm are bemg tested for yield and otlier chiracters Two 
years tests show them to be m about the same class as Green Moun 
tarn with respect to yield Anothci eioss fioni which a number of 

J romismg sekctiona have been made had for parents hlishiiazu a 
apancso variety, and secdlmg 45349 the latter a seedhng of Katahdin 
open polhnated Scedlmg 45349 was selected in 1932 ancl has shown 
a fair degree of lesistance m a number of tests since that time 
I igure 6 shows the difltrence between the appearance of the vines 
ol a resistant seedling on which very little late blight developed and 
the Gicon Mountam chec 1 whu h w as completely killed by the disease 
Both of these were sprayed with bhght spoies to induce the epidemic 
The tubers of a number of the scedlmg vaiietics ue resistant to 
tuber rot caused by the h te blip,ht fungus Remer Bonde of the 
Marne AgiiculturalF xpenment Station has tested a number of tl em 
by puttmg bhght spores on the suiface of the tubers and then placmg 
them m a moist chamber in a tcmperatuie conducive to development 
of rot A number of the seedhng varieties rem lined free from rot 
except w here the si m w as broken The Green Mountam check i otted 
completely in a very short tmie (fig 6) Many varieties therefore 
have been produced within the list few years by hybiidization and 
selection that are resistant enough to lite blight to be grown success 
fully without being spi i>cd even m years when this disease occurs in 
epidemic proportions Several of these aie promising also from the 
standpoint of other characters of commercial importance 

Resiitaiicc to Common biab 

Another disease that takes its toll wherever potatoes arc produced 
18 the common scab caused by Acttnomt/ces scabies Scab is not so 
noticeable m its effects on yields as is late bhght but it affects the 
market quality and hence the value of the tubers 

The behavior of a compoiaUvely large number of vaneties under 
widely different conditions indicates that resistance to scab occurs m 
the potato m varymg degrees Complete immunity has not as yet 
been demonstrated Concerning this point Berknei (S) says that 
absolute immumty does not appear to exist but that there are decided 
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hereditary differences in the d^rees of resistance and susceptibility. 

The nature of resistance to scab has been studied by several in- 
vestigators The fact that the varieties that have shown the highest 
d^rees of resistance possess a thick russet skin has led some to believe 
that resistance is dependent upon this type of skin. Histological 
studies of 8e\ eral varieties by Lutman (57) led him to conclude that 
thickness of skin determmes the resistance of the tubers to scab and 
that color does not play an important role. Stuart (70) showed the 
fallacy of the prevailmg conception that the russet type of skin is the 
basis of freedom from scab and pointed out that scab was abundant 



Fifftre 5. — ^Two Bcedlings of « progeny 8^;regatuig for reuslance to late blight: No. 319 
(left) practically free from late blight; no. 320 (center) completely killed by this 
disease. At right, suscepltble Green Mounlain deck. August 21. 

on the tubers of Cambridge Russet durmg a period of 6 years. In 
tests of a large number of seedlings, Darling, Leach, wd STrantz (5/) 
foimd a high d^ree of resistance in smooth and thin-skinned seed- 
liTiga as wml as m russet types. No correlation was shown to exist 
between color of tuber and scab resistance. 

Some of the American commercial varieties, such as Russet Rural, 
Russet Burbank, and Mahr Russet, have been known for a number of 

S ears to be resistant to scab. A number of European varieties, 
ichter Jubel, Arnica, Hindenburg, Oststarke, Treff As, Rheingold, 
and Ostra^, are also resistant, as was reported by Schlumbe^r 
(6S, 6S). These varieties, with the addition of a U. S. D. A. seedling, 
no. 44637, which is highly resistant to scal^ have become the basis of 
br^ing for resistance to this disease. At ^esque Isle, Maine, a large 
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number of other variotioa also have been tested for the purpose of 
obtaining additional material, Tlio first tests, 1930-33, were con- 
ducted on land tliat was known to produce scabby potatoes in pie- 
vious years. The results wore somewhat variable. In 1934-36 kme 
was applied, before planting, at the rate of about 1 ton per acre, to 
land that was known to produce some scabby potatoes in previous 
seasons. 

In the teats five hills of the variety or seedling to be tested •« ere 
planted in alternate hills with Green hlountain, which is susceptible 
to scab. Comparisons were made between the seedling or variety 
and the Green hlountain check The material included in these tests 



figure 6 . — Resistance uf tubers to late blight. Sound tubers, seedling no. 336-302; 
decayed tuber. Green Mountain. Ruth lots artificially inoculated with spores of 
the organism that causes late blight. 

consisted of varieties of North American, European, and Asiatic 
origin, a collection of South American vanoties obtained by the 
MacMillan-Erlanson expedition, and a number of progenies resulting 
from scliiug certain varieties, as well ns progenies from crosses. 
Several of the European varieties, including Hindenburg, Richter 
Jubel, Ackersegen, Armca, and Hindenburg X CentifoLa No, 9, 
which had been introduced because of their resistance to this disease, 
proved to be highly resistant in the scab test plots. All of these 
produced loss than 1 percent of the amount of scab found on the 
Green Mountain chocks. None of them had enough scab lesions on 
the tubers to classify them ns scabby potatoes, while the Green 
Mountain tubers could not have been sold for table stock 
Golden, a new variety recently produced by the Department, wm 
found in the 1935 tests to have about one-fifth ns much scab on the 
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tubers as was found on the Qreen Mountain checks. A few North 
American varieties — Busset Rural, Russet Burbank, and Mahr Rus- 
set — were intermediate in their resistance. A relatively large number 
of crosses have been made in an effort to determine the breeding 
behavior of some of these varieties. Although the data will not 
permit the formulation of an exact genetic h^othcsis, a number of 
facts have been brought out in thoM tests. The progeny of a cross 
between two scab-suscoptible varieties, Columbia Russet and Katah- 
din, were all susceptible Another cioss between two resistant va- 
rieties, Ostragis and Hindenbuig, produced a progeny in which all 
were resistant to scab. Other crosses between resistant varieties 
showed segregation for resistance in the first generation 



Figure 7 . — Resutance to common scab. The second and thud tubers, seedlmg no. 
416-50, are highly resistant to this disease. The Grst and fourth tubers are from 

the Green Mountam check grown in the hilb adjacent to the seedhng rarietj. 

A heavQy russeted seedling variety, no. 44537, proved to be highly 
resistant to scab. This variety produces good pollen and is self- 
fertile. A progeny of the variety, selfed, segregated for resistance 
and russeting. A number of the russeted types and a few of the 
smooth white-skinned segregates wore resistant to scab. This va- 
riety has been crossed with susceptible and resistant varieties. The 
progenies of certain combinations segregated for resistance and sus- 
cepUbility. Figure^ 7 shows a resistant segregate in comparison with 
the Green Mountain check. One of the most promising progenies 
from the standpoint of both resistance and vi^r resulted from a 
cross between Richter Jubel and se^lmg no 44537. This progeny 
s^regated for russet and smooth skin and for resistance and suscep- 
tibility to scab. A large number of both the russet and the smooth 
tvpes were resistant to scab. A number of these were desirable from 
the standpoint of shape, depth of eye, color of tuber, and vigor, as 
well as scab resistance, and were selected for future work. It is too 
soon to predict their commercial possibilities, but some of them are 
the most promising scab-resbtant seedling varieties produced so far. 
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Practical Rcsuli<* 

The foregoing results show progress A practical accomphshment 
has been the distribution within the last *5 years of six new varieties of 
potatoes Others are on the wsy Wnrba and Red Warba have been 
distributed by the University of Minnesota, and four varieties — 
Katahdin, Chippewa, Golden and Houma— by the Department 
Warba is an early vanety, and from reports fiom different sections 
of the country it seems to be outstanding among the early varieties 
in yielding abihty Red Warba has not been tested thoroughly 
but it IS assumed to bo similar to Warba in all its characteis except 
color, smee it ongmated from that vanety as a vegetative mutation 
The four new \aneties distnbuted by the Department in cooperation 
with the State experiment stations are all resistant to the virus 
disease mild mosaic, which causes so much running out of the Green 
Mountam vanety m Marne Chippewa is bemg increased as lapidly 
as tlie available supply of seed stock wiU permit It is medium early, 
has high yieldmg ability, and is widely adapted Golden is a yellow - 
fleshed vanety, like most of the potato vaneties used for food in 
Germany There is a limited demand for this typo in the United 
States, and Golden is being j^rown by 60 or 60 growers m Marne and 
by a few in the Upper Pemnsula of Michigan The vanety is not 
wndely adapted, but where it can be ^wn successfully it is piized 
because of its very high yields, good cooking quality, and scab 
resistance 

Houma was selected from a ^up of U S D A seedlmgs grown 
at Houmaj La , by J C MiUer, of the Unnersity of Louisiana 
because of its high quahty and adaptation to the Houma potato grow 
mg section of that State The season just past sliow ed this vanety to 
be somewhat drought resistant, but not suflBcieutly so to withstand 
the severe drought m the Middle West 
Katahdm (fig 8) was the first vanety to be introduced by the 
Dopaitment, and for that reason it is the most widely known of the 
Depaitment introductions It has had its ups and downs but is 
still on the increase In a recent buUetm Moore and Wheeler (40) 
say m part 

An outstanding charaotcristic of the Katabdin that should appeal to most 
Michigan growers is its ability to produce satisfactory yields of good type tubers 
even under heat and drought conditions The Katahdm sets fpwtr tubers per 
hill than the Rurals and develops them earlier This characteristic often enables 
it to surpass Rurals in yield of marketabli potatoes particular! v w hen the season 
IS unfavorable for the Rural varieties The results of tests and the experiences 
of many growers confirm this statement 

Four seasons unfavorable for Rurals but m which Ivatahdins have 
been grown successfully have occurred m Michigan smee 1930 
This 18 no doubt responsible for the fact that most of the 500,000 
bushels of TC«ttji.hdinH grown in Michigan in 1935 were kept for the 
1936 planting, although it is not defimtely known how the market 
wall receive this vanety Preliminary tests have^shown^ tha^ the 
Katahdm as grown ' ' ' ■ ^ 

in market quahty 
quahty In the fall 
m buwel lots to 53 

188004*— 87 2S 


in Miomgan is supenor lo me swuiuaru vanouoa 
and IS equal at least to the Rurals m cooking 
of 1935, 63 bushels of Katahdm were distributed 
1 hotels in Michigan, Ohio, Illinois, and Indiana 
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Fourteen hotels had a few critidsms to make. Thirty-nine reported 
that they found the Katahdin an excellent potato for baking, boiling, 
and frying, and that they were well pleased with the color and texture 
of the cooked product. Many of the hotel chefs made favorable 
comments on the attractive appearance of the Katahdin and were 



J-ifftreH —A held of Xatdhdu). Note vigorouii vine growth almost covering rons. 

well pleased with its smooth, thin skin and shallow eyes, which reduced 
waste in peeling. 

These same characteristics, smooth shape and shallow eyes (fig. 9), 
combined with the resistance to mild mosaic, induced the representa- 
tive of Argentina, looking for seed potatoes in the United States 
and Canada, to recommend the purchase of a largo quantity of seed 
stock of the Katahdin variety for that country, lie is said to have 
purchased a quantity of Chippewa, too, although the price of these 
was comparatively very liigh. He refused to consider the deeper 
eyed types such as Insh Cobbler and Triumph. 

The potato-breeding project as it now stands and the results up 
to the present time demonstrate clearly the necessity and the advan- 
tages of cooperation in scientific enterprises. The project is dependent 
on the Division of Plant Blxploration and Introduction, Bureau of 
Plant Industry, United States Department of Agriculture, for now 
material carrying new genes for resistance and other important charac- 
ters. Within recent years varieties resistant to late blight, otliers 
resistant to scab, and still others that are said to be resistant to leaf 
roll have been obtained. The plant breeders and horticulturists 
make the crosses and grow the progenies. The plant pathologists 
create the epidemics and secure the disease data. The Bureau of 
Home Economics of the Department, assisted by the horticulturists, 
makes the cooking teste. The State experiment stations cooperate 
in testing the new seedlings produced either by the Department or by 
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any other institutions to determine their range of adaptability If 



I iffire 9 — Tubers of the KaUhtlin potato Tlie good sliape of the tubers and the 
shallow eyes are outstanding features of this variety 

A summary of the results of breedmg woik up to the prcsiiit tinu 
shows 

(1) A large number of varieties resistant to oi e \irus discasi mild musaii 

(2) One variety and several of its progenus muuune to anothir iirus disease 
latent mosaic 

(3) Many varieties resistant to late bbght, scMral showing coiuintrcul pos 
sibihties 

(4) A large number of varieties nsistaut to seal too new to predict the possi 
bihties 

(6) One variety as early as Irish Cobbler, but mueh smoother and w itli shallow cr 
eyes, bemg tested by farmers and about reads for naming 

(6) Six vaneties named and distributed 

(7) The Katahdin and Chippewa hmilj established as oommcreial varieties 
and entering mto the ^uth American seed trade because of their attractive 
appearance and disease resistance 
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BREEDING METHODS, GENETICS, AND CYTOLOGY » 

Thl introduction of new vaneties oi species may not appear to be a 
plant-breeding piocedure, yet it is fundameiitm to a well-rounded 
breeduig piogram It is improbable that varieties will be found m 
foreign eountnes adapted to any of the jiotato giowmg regions of the 
Umted States, but even if the new introductions cannot compete with 
the standard vanoties they may caiiy genes for ceitain characters 
that will make them extiemely valuable from the breetling standpoint 
For example, a number of vanoties have been iiiti educed recently 
from Europe that aie resistant to late blight, otheib that are lesistant 
to common scab, and still others that aie repoited to be resistant to 
loaf roll These are being used m crosses for the purpose of combmmg 
the genes for lesistance with those for other characters of economic 
importance In the lost 30 years approximately 10,000 sorts, m- 
cluding commeiciil vaneties, seedling vaneties, and species, have been 
collected by the Department Thousands of these have been dis 
carded because they were considered of no xaluc, but others have 
provided a wealth of matenal foi the work of potato breeders 

AnViNTAGEb AND LiMITATIONb OF niE MfTHODS UsBD 

Selection is the pniicipal tool of the plint breeder itgardless of tin. 
method employed Selection of cions or strains from a variety has 
often been designated as a special method This method is hrmted 
m its apphcation, since its success depends on the value of the bud 
sports or mutations that occur m a vancty or clonal Imo 

Vanetal crossmg has been umversally employed by potato breeders 
As a rule, varieties are hettiozygoiis oi inixetl in tluir mhentance for 
most characters and they will scgrigatc into diileicnt hnts when they 
are sclf-pollinated Because of pollen stciility not all varieties can 
be selfed, and the only way to use vnluxble genes in a self steiile 
variety is to make it a female parent in crosses If both parents are 
heterozygoub for the characteis under consideration segregation will 
take place m the first generation Not all possible recombmations of 
characters can bo expected m the first geneiation, however, since one 
of the parents may bo homozygous or pure for some donunant charac 
ter, in which case all the plants of the first generation would rcsembU 
that parent m that particular character As an example, m some in 
stances the first generation of a late vanety crossed with an eaily may 
be all late, no segregation mto late and early fines appearmg There 
are certain advant^es m usmg crosses between heteroAygous ma- 
terial, and also certam disadvantages One advantage is that segre- 
gation occurs m tlie first generation, and if, because of stenhty, a 
second generation cannot bo product, it may bo possible in many 
instances to obtain the desired recombmation m the first generation 
Another advantage is that combmations differing widely m vigor often 
occur when heterozygous parents are used, and mdmduals are often 
found more vigorous than either parent The mam disadvantage in 
the use of heterozygous lines as parents is the difficulty of obtwimg 
exact genetic knowledge of the breedmg matenal 


*Thusectonn ntten pr m^r I;f ritulcnUor thers profm onally intemted m bree ling or Kenelics 
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Sib matang, or sister-brother mating, is one system of inbreeding 
and IS useful for several purposes It helps to cletcrmino the degree 
of homozygosity or uniformity of inheritance of a particular line 
Selfing each of the sibs would of course give the same information, but 
this cannot always be accomplished because of the self-stenhty of 
many hnes In some cases, too, scgicgates from a cross between two 
sibs are more vigorous than either parent 

Backcrossmg is employed to good advantage in potato breeding 
but as most of the parent matenai is heterozygous, it is not so elTicient 
as if homozygous Imes were available If the original pirents are 
homozygous all the plants of the hrst generations have the same m 
hentance although they differ m appearance, and a backcross to an> 
one of them gives essentially the same results as it w ould to any other 
If parents heterozygous for certain characters are used, the fct 
generation hybnds may differ genetically among themsches, and 
therefore would give different results in backciosscs Moie work 
must bo dona to accomplish the sime results when heteiozygous 
parents are used than would bo necessary if vigorous fertile homo/y 
gous parents were avndable But m any cast backcrossmg is a useful 
method, and it is employed very frequently to obtain eertam com 
binations of characters 

Stlhng 13 employed at least to some extent by all plant breeders 
Selhng and the recombimng of selfed line s is being use d « xtensivelj by 
corn breeders, but potato breeders have depondod to a largo extent on 
other methods to obtain desirable recombinations The self-stiiiUty 
of many clonal lines and the loss of vigor brought about by mtensive 
selhng are probably two of the reasons why potato bieedtis have not 
generally adopted this method Another reason is that the potato 
us grown commercially is propagated from tubers, and the grower ge ts 
a comparatively uniform crop even if the variety is he terozygous for 
certain characters This is not true with crops projiagatod fiom seed 
as these must be genetically uniform in order that a umform crop 
may be produced lor genetic studies it likewise is desirable to 
obtain homozygous potato Imes that aio fertile Iiom the com- 
mercial standpomt some of the most piomising matenai is ob tamed 
by selffng one or two generations selecting the best of those selfed 
Imes and outcrossmg to one of the best commercial vancties This 
method has sometimes been ref ei red to as top erossing 

Stram bmlding is not a method m itself but is a system of breeding 
that makes use of all methods The system can best bo dosenbed by 
an example from the disease resistance woik now in progress at 
Presque Isle, Marne A few blight icsistant vancties weie obtamed 
from foreign countnes, and several seodhng varieties produced by the 
Department were selected that were only slightly mjured by the blight 
epidemio of 1932 m the breeding plots at Presque Isle The most 
promising of these fiom the standpomt of bhght resistance wore 
crossed with vaneties coirying genes for high yield, good shape, shal- 
low eyes, resistance to mild mosaic, and other characters of econoniic 
importance The progemes were tested for blight resislanic, and the 
most promismg seedhngs were selected borne of these wore selfed, 
some of them sib-mated, some backcrossed to the resistant par^t, 
and others outcrossed to unrelated bhght-rc&istant vaneties Ihe 
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resulting progenies were again tested for blight reaction and selections 
made, taking into consideration icsistance to blight, shape and color 
of tuber, depth of eye, and vigor By such a combination of the 
methods of mtroduction, vaiietal ciossing, sib mating, backcrossmg, 
and selhng, it should be possible to got any desired i ecombmation of tf lO 
genes of the parent cultures Some of the resulting new varieties tliiis 
produced should be as good as or better than the commercial vancties 
m yield, shape of tuber, etc , andsupenoi to them m disease resistance 

The use of species hybnds is usually the last resoit of the breeder 
mterested m the production of superior hoiticultural \niutiLS It 
IS true that in order to do the best work he must be acquamted with 
the wild relati\cs of the plant with which he is woiking, the characters 
they possess, and theu- behavior in crosses Research with species 
anci species hybnds, tlicn, must be one aspect of any breedmg project 
It sometimes happens that a desirable chaiacter is not to ne found 
m the cultivated vaneties of a ciop but is present m a related species, 
so that the desired combination of genes can only be obtained by mnk 
mg a cross betw een species An illustration of this is found m breedmg 
potatoes for resistance to late blight At present, although a numbei 
of cultivated vancties aie resistant to this disease, none has been 
found immune to its attacks Some of the related species, however, 
do show immunity Attempts have been made fiom tune to time to 
combme this immunity with characters of commercial importance by 
the use of species hybnds 

By the use of all the available methods, if it were not for stenhty, 
the number of new vaneties that could be produced through recom- 
binations would be limited only by the chaiaoteis of the available 
parents and the number of oHspnng it is possible to grow 

Steriuty a Major Handicap 

Stenhty, or lack of fruitfulness, which is very generally present in 
potato varieties, is the source of the greatest ddliculty m sexual bleed- 
ing, and m spite of much study of the condition it remains the greatest 
handicap of the potato breeder 

Salaman (SI, 62) and Henbert-Nilsson (24) foimd stenhty of the 
anthers to be dommant to fertihty At first Salaman believed stenhty 
was due to a smgle gene, but later Salaman and Lesley (59) mdicated a 
more complex manner of mhentance Ed^ell Blue, a vanety that 
produces viable pollen, was heterozygous on its female side for male 
stenhty Krantz (32) pomts out that two commercial vaneties, 
Green Mountain and Early Ohio, have produced fertile seedlings in 
progeny growm from self-fertilized seed The Green Mountain vanety 
usually sets some seed u nder favorable CTowing conditions The Early 
Ohio vanety sets no seed It apparenuy produces viable pollen under 
ve^ favorable circumstances 

Kessler (27) desenbed a number of morphological characters of the 
pollen of vanous vaneties and their relation to its germinating power 
Neither the shape m itself nor the amount of granulation was an 
mdicatiou of stenhty A much surer test was obtamed by stainmg wuth 
carmine in hydroemone acid The stciile pollen remained unstained 
The mfluence of culture media, air, humidity, temperature, and light 
was considered Light had an adverse eficct, as had also temperatures 
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above 95° and below 46° F. Studies of pollen tube development after 
artificial pollination indicate that the pllen tube of a particular 
variety may reach the ovule successfully when applied to certain 
varieties but not when applied to othem. 

Clark m\ enumerates four different types of plant sterility— pre- 
mature abscission or dropping of buds and flowers, lack of viable 
pollen, hybridity, and physiological incompatability between parents 
^ Premature abscission constitutes a voiy effective type of sterility, 
since it is obvious that fruit cannot be produced when buds fall before 
opening or flowers persist for only a few hours. If this is not verv 
pronounced, so that a few flowers open and persist for a few days, they 
may, under favorable climatic conditions, produce fruit when pol- 
linated with viable poUen. The anthers of such flowers produce little 
pollen, and t^ is rarely, if ever, viable. 

Pollen sterility is very strongly manifested in the cultivated varieties 
of potatoes. This condition appears to be inherent in the species 
Stout and Clark (68) studied the pollen of 170 commercial varieties 
and 613 seedling varieties, representing material from many parts of the 
W'orld. They failed to find a single variety in W'hieh there was not a 
fairly large percentage of sterile poUen Or seven w ild species studied, 
only one, Solanum commeraonii Dun , showed the presence of this 
type of sterility to any marked degree. 

Salaman (61) demonstrated the hereditary nature of sterility in 
potato a number of years ago. He stated that the potato plant, which 
IS normally bisexual, flames a dominant factor that inhibits pollen 
formation at the pollen mother cell stage or even earlier. In a later 
paper Salaman and Lesley (69) showed by reciprocal crosses that tho 
grater portion, if not all, of the sterility is mhented through the 
femaJo parent. The fact that tho eggs aro often viable under con- 
ditions lethal to the pollen is well knowm and makes possible the use 
of many varieties as seed parents that cannot be used as pollen parents. 

Irregular chromosome behavior has been advanced by a number of 
investigators as one of the chief causes for hereditary sterility. 
Longley and Clark (36) presented a study of chroinosome number 
and of meiotio beha^^or m tuber-bearing forms of Solanum. In 37 
cultivated varieties grown in the United States there was found a 
somatic chromosome number of 48. Tho meiotic behavior of tliL 
group varied from regular in a few cases to extremely irregular in many 
of the varieties. Only the few varieties with a regular chromosonic 
behavior produced an appreciable amount of viable pollen ; varieties 
with an irregular chromosome behavior produced practically no pollen. 

Genetic factors and chromosome behavior no doubt make the 
development of sterility possible, since varieties aro inherently different 
in the degree to which tney will bloom or set seed. But seed settmg 
is also influenced by environmental factors to a markwl degree 
Some varieties will set seed under a wide range of conditions, while 
others have never been known to set seed even under favorable con- 
ditions. Stow (69) showed that environmental conditions oven 
influenced the chromosome behavior. Ho stated that 
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He considered that storility was mainly the result of abnormal pollen 
mother cells, which he observed with exposure to high temperatures 
(26®-35° C.). “At lower temperatures (16°-20° C.), on the other 
hand, the reduction proceeded m a r^ilar manner, producing normal 
pollen grains.” 

That len^h of day has an influence on flowering and seed setting 
has been shown by Stevenson and Clark {66). In the experiment 
reported by them that was conducted in the greenhouse at the Arling- 
ton Expenment Farm, Arlington, Va., the application of artificial light 
for 5 hours to 20 potato varieties to supplement the daylight period 
stimulated vine growth and blossoming to a remarkable degree. The 
varieties used in this experiment were groivn also in the field at 
Presque Isle, Maine, where 10 of them produced seed in vaiying 
degrees of abundance, while the reinainuig 10 produccil no see<l. In 
the greenhouse experiment at Arlington, 70 percent of the plants in 
the 10 more responsive varieties came to full bloom under the lights, 
while only 6 percent of the checks without lights bloomed. In the 
less responsive varieties only 20 percent of the plants under the lights 
bloomed, and no blossoms were produced by the check. No naturally 
fertihzed seed was produced, but inbred 'seeil was readily obtained 
under the lights by hand-pollinating self-fertile ])lants. The chromo- 
some behavior of the plants grown under the light was much more 
regular than that of the same varieties grown without lights. 

The effect of environment on bloon^g was shown by Stout and 
Clark (6^). Halved tubers of 15 varieties were grown, one set at 
Presque Isle, and the corresponding halves at the New York Botanical 
Garden. All the varieties bloomed profusely at Presque Isle. In 
New York only 2 of those varieties bloomed well, 3 prwhiced a few 
flowers, and 10 produced no flowers that opened. Conditions are 
favorable for seed setting nearly every season at J^resquo Isle. A few 
other places in the United States have been found favorable for seed 
production in potatoes. At Estes Park, Colo , which has an elevation 
of 7,500 feet, seed sets in most years quite readily. Another striking 
example of the effect of environment is found m the potato-breeding 
work in Minnesota. Seed cannot bo produced on a large number of 
varieties and strains at University Farm, St. Paul, but many of the 
same varieties will produce seed at Duluth on Lake Superior, and even 
better at Castle Danger on the north shore of the lake 

Complete or partial sterility may result from hybridizing, though 
there seems to be no_ general rule regarding the behavior of hybrids 
with respect to sterility, as some combinations produce hybrids wnth 
a very high degree of fertility, while the progeny resulting from other 
crosses may be completely sterile. In a species cross between Solarium 
■fendleri A. Gray and S. chacoense Bitt., produced by Clark {15), the 
first generation was completely sterile when selfed and when back- 
crosseid with either parent. Bukasov ^10) reports that hybrids of 
S. acauU Bitt. with S. andigenum and with S. tuberosum are ste:^e. 

In some species of plants certain combinations of crosses within the 
species as well as selfed pollinations fail to produce seed even though 
there is no degeneracy in either pollen or ^ cells. Other combina- 
tions in the same species may produce an abundance of fruit. This 
tyi>e of sterility has been referred to as physiological incompatibility. 
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It was not found to occur in the cultivated varieties of potatoes studied 
by Stout and Clark (68), but was reported by Clark { 14 ) to bo present 
in the wild species Solarium caldaaii glabrescens Dun. and S. chacoenae. 

Genetics of the Potato 

Definite genetic data are available for only a comparatively few 
characters of the potato. Such data are accumulating from year to 
vear, however, and as the knowledge ctows the solution of many 
breeding problems becomes less complex. A partial summary of 
potato characters, their genetic behavior, tlie name of the investigator 
making the report, and the literature citations are given in the 
appendix. 

A study of the table shows the usual array of gene interactions — 
dominance and reces.siveness, complementaiy genes (either 2 or 3), 
multiple genes, cumulative effects, and inhibiting genes 

In several instances a number of different ratios are reported for 
what is apparently the same character; but it must bo remembered 
that characters that look alike may be genetically different and ns a 
result will behave differently in inheritance. 

From the material available it is seen that little is known concern- 
ing the genetic behavior of some of the most important characters of 
the potato, such as yield, cooking quality, and resistance to various 
diseases, but the breeding work is being centered around sucli char- 
acters at present, and it is believed that, while they may be rather 
complex in their genetic behavior, they will all follow the general rule 
that a genetic character is the end result of the interaction of genes 
and enviromnent. 

Potato Species, Their Chromosome Numbers, and Some of Tueih 
Valuabce Characters 

While it is necessary for the breeder to obtain a thorough knowledge 
of the cultivated vaneties and their important econonuc characters, 
it is also important to know the relat^ wild forms and species of 

E Ota toes. It is true that new genes and gene combinations are being 
rought to light in the cultivateil varieties, but it is (juile improbable 
that all the problems can be solved by the recombinations of genes 
available in this group. 

Much work has afready been done with the species of Solarium 
related to the potato, and a fund of valuable information is available 
concerning them. The species fall into five groups with respect to 
2n chromosome numbers, those having 24, 36, 48, 60, and 72 in 
vegetative tissues, as reported by several investigators. According 
to Bukasov {9), cultivated varieties have been found in the first four 
groups. Crosses between species ivith different chromosome num- 
bers are as a rule difficult to obtain. For example, crosses between 
species of the 24 group and the 48 group are very rare, although 
many attempts have been made to produce them. Certain species 
crosses have been reported, however^ and as knowledge mcrea^ 
concerning the causes of incompatibility and sterihty, it may bo 
possible in the future to get hybrid combinations that at present seern 
quite impossible. A partial list of species of the TvAer^um section of 
Solanum, with their 2n chromosome numbers, is given m the appendix. 
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Characters that would be especially valuable if they could be com- 
bined with those of tlie best commercial vanctios have been found in 
a number of species Among these are resistance to drought, frost, 
potato wart, vtrubes, and late bhght The chaiacters for short-day 
development and short rest period arc found m some of the species 
also T^e character for short^day development might bo valuable 
in potato districts where the crop is grown during the wmter months 
under conditions of short-ilay length A list of the bpecies known to 
possess valuable characters from the breeding standpomt is also 
given m the appendia 
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APPLNDIX 


Earh breetlers of potatoes and the laneties originated by them 
Jiritilert \ariiHei 


0 H Alo\aiKl< r CharlottL, Vt 

Martin Bomi Noithvilk Midi 
Albirt Brcsio Huhtiardton, Vt 

C W Broil nil I'.s.x Vt 

luther Burbink T inoaslir, Miss 

1 S C iriuan 

1 I Coi. U( broil N V 


Thomas Crniiii. 1 ort Vtkinsoii 
Wis 

C 1 Goodridi Ltici N \ 


n W HofTroii Itiea N V 
C r. Piiiigk, CharlotU, \t 

Artliui Rand Slulburiu,Vt 


Alfred Rocst 

O 1 Safford North Ik iiiiiiigtoii 
Vt 


t B Van Ornaiii, I cwis Iowa 


Charles Downing, Dakota Red, Everett, 
Garfield, Green Mountain, Rohance, Tro- 
phy, Vlhite Mountain 
Bovee, I arly Michigan, Piiigree 
I irly Rose, King of the J arhes. Peerless, 
Prolific 

Beauti, Best Centennial, Early Telephone, 
hureki Superior, Winner, Viimont 
Beauty 

Burbank (Burbank s seedling) 

C annan No 1, Carniiii No 3, Rural Ntw 
Yorker No 2 Sir Walter Raleigh 
I ally Beauty of Hebron, late Biauty of 
Hebron, Parly Puritan, 1 nipire State, I ate 
Rose, Norotoii Beauty, Thorbiirii, 
Vaughan, White I kphant 
Tune 1 atiiig Keeiier, Potentate 

Calico Cimo 1 aily Goodneh Garnet 
Chill, and beveral otheis which were 
short lived in the commercial troele 
Chieago Maiket Climax 
Alpha, Adironelaek Rubicund, Ruby, Snow- 
flake 

Champion, Delaware Matehless Improved 
Peaehbloiv, Silver Skin 
Parly Ohio 
Gold Coin 

1 xtri 1 ally (Burixa, s). Great Divide 


I ABI !■ 1 — PiMoto loneOes aiaihMe in thf ( mini SenKs / noun to haa ihutwttr\ 
of value to brvnitn 
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Tabie \~Pouao tariehes amOMemlheVntied State$hntmn tohaveAtaractm 

of value to breedm — Continiml 


Oreen Mountain 
Kunl New Yorker N 
Kubwt Rural 
Ru^t Burbank 
( harles Uownink 
Irish ( obbler 
Triumph 
rarly Roie. 

Tarly Ohio 
Mahr Russet 
IVarba 
Redlliirba 
Arnica 
Kindenbum 
Richter Jubel 
OstrauM 
Rheinnold 
Ackeraegen 
Iskiahirazu 
No Blight 
Paisley a No 1 
Paisley a No i 
Paisley a No 
Paisley s No 4 
Im^ru 

Brahander 
Be M. lander 
Nonriteling 
110 4 24 


N 1) No 82 
N T) No 8(1 
N n No 87 


H 125 
S 113 
S IH 


Supenor cliamcters 


Department of Agri | 
United Statis 


Uood (juality, resisianie to cab 
flood qiiility and tulicr t> iie 
Jiarlioess and wide adapt ibiht} 


]• uliness yield 
Do 

Reantame to scat 


North D iVot I 
do 

do 

Colorado (lort < ol 


IliLhsiell goodshiiie 
I iirlint s t.oo I sh i|a 
I irliness lui,hMell in I 


f IllllHS 

llii.li a If 


liiKhaiell 1.00 Ish I 
1 good sh iiie 
sbillownessufiyi. 


lertilit) 

Do 

Resist mil tofusirium 


Tabi b 2 —Potato Imea and progenies knoua to have supenor ffnetictharaHers, produced 
by the U. S. Department of Agriculture and by the JSen 1 ork [Cornell) 
and Minnesota Afftcultural bxpenment Stations 


UNllND STAINS DFPARFMrNl OF Af.KIClI lUHF 


Parent ige 


Superior charattera 


B 41Sfi6 X Katahdin 
B 418M X 8 15078 
Katahdm X B 45075 
Katahdin aelted 
Rnaeet Rnral X S 44537 
Richter JnbelX 8 44537 
No Bligh* 

84S340 X 


Resistance to 1 Hent and mild mosaics 
Kesislame to latent mosaic 
Farlinesa resistance to mild luosait 
Resistance to mild mosaic 
Resistance to common stab 
Do 

Resistance to late hhgbt and mUd mosaic 
Resistanoe to late blisht 

Do 
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Tabip 2 — Potato lines and progmmknoHn to have sapenorgfinetic(1iarQcter^,pr»>durnl 
by the I/. S. Department oj Agrtrulture and by the New York (Cornell) 
and Minnesota Afficidtural I xperiment Stations — Ctintinued 


M W 'VOHK (COHNLLI UNIVFH*5!iy) SIATION 



MINNISOIA SIATH)\ 
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Table 3 — Potato charactm, thetr gmoltc b^umor, and the tnvethgaton 
and reference numbers — Continued 



Somatic diromosome numbers of potato species (2n) 

Ckronusome ttumbtri and tpKiet Imeiltgaton and reftrnee not 

24 chromosomes 

Solanum ajanhum Jus and Kovalenko and Sidorov (£9), Rybm (.48) 


Buk 

S araeo-papa Jua . . 

S boyaeente Jus and Buk 
S brendens Phil . 

8 bukastmt Jus 
S ealdasn Humb and Bonl. 
8 etddant glabrescens Dun 
8 ehaeoerue Bitt. 


Vesselovskii (Tt) 
Rybm (49) 


Do 


Rybm (48, 49) 

De Vilmonn and Sunonet (73, 74) 

Loncdey and Clark (Sff) 

Snuth (85), Lonriey and Clark (50), Rybm 

Rybm (49) 
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Somatic chromosome numbers of potato specus. (2ft) — Continued 

Ckrofliomnw numbert and npnin Ininlmlort and rr/mnee not 


8 gomoealM Ju/ and link 
8 jamestt Torr 

iS kesselbrennen Jiu and Biik 
8 loosens 3un 
8 phureja Ju< and Huk 
iS polyadeMum Grccnm 
8 Tybtnu Juz and Biik 
»S stenotomum Jus and Buk 
S vovtlovtt 
3b eliromoMomps 

S eardtophyUum I ind 
8 eardtophyUum f loyoma 
num Buk 

8 fhaucha Iu« and Buk 
iS choeclo Buk and I cchn 
8 comniersonu Dun 
>S coyoacanum Buk 
(S juzepczuktt Buk 

8 maqha Sthlctlit 
S wawmittt/eruw lu/andBuk 
S medians Bitt 
S nobambeiue Tuz and Buk 
S ttnuifilnwtiUiim Ju/ and 
Buk 

vallts-mexict Jiir 
48 ehroniosomos 
8 acaule Bitt 
>S a^uscoense Buk 
8 andtgenum lu2 and Buk 
<? anltpovtctii Buk 
8 colombianum trtanae Bitt 
8 edtnense Btrtli (some 
forms) 

8 ftndlen A Gray 

S lepiosligma In/ 

8 tuberosum I 


00 cliroinosomts 

8 curtilobum 3\i/ 


ind Buk 


8 edinerue Birth (somt 
fornib) 

8 semtdemissum Ju/ 

72 cliromoBomts 

lb demusum I nidi 


Biikasov (9) 

Smith (65), De Vilmorin ind Siinonct 
(79, 74), longky ind Clark (%) 

Bukabov (to) 

Rybm (4<)) 

Kovalenko and Sidorov (^9), Rybin (49) 

I onglcy and Clark (tSf) 

Rybm (49) 

Rvbiii (4)), Bukasov (10) 

Bukasov (10) 


Kovakiiko uid Sidorov (iS), Rvbin (49) 
Biikibov (9) 

I onglpy and Clirk (Sb) R\bin (49) 

Rybm (49) 

Kovalenko and Sidorov (df) Pissariv (40 > 
Rybm (49) 

R\bin ({9) 

Do 

Rybm ((•?) 

Bukasov (10) 

Rybm (40) 

Koyalenko ind Sidorov (30), Rybm (iO) 

Kovikiiko ind Sidorov (39), Rvbin ((9) 

Do 

Kov ilcnko and Sidorov (39), Rybin (J9) 
Rvbin (0) 

(Ciinpm), Salaniiu (55) 

Smith (6 7), longkv ind Dark (3b), Rvlnn 
R (49) 

De Vilmonii and Simonct (73B 1 onRky 
ind Clnrk (36), Pissarev (4b), Rybm (,J) 

Bukasov (9), Kovakiiko ind Sidorov (^9), 
Rybm (49) Vessilovhkil (7^) 

(Campiii) Salainan (^5), Rybin (4^) 

Koviltiikoand Sidorov (39), Rybm (iO) 

Smith (Of), Di Vilmorin and Simonot (f4)t 
1 oiigky and Clark (36), Pissariv (46) 


Potato specus huoun to haie diameters of breeding lalue, 
grouped according to these charnrters 


< haradrrt and tptnet 


Imtiltiaionanlr f r c nat 


Frost resistance 

Solanum acaule Bitt 
8olanum ajanhuin hi/ ami 
Buk 

8ola turn andtgenitn 3iu and 
Buk 


Pissarev (46), Vosbtlovbkii (''3) Schick (bl) 
Do 

Kovalenko (30), Bukasov (9), Vcsselovakn 
(73) 
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Potato species knoun to have characters of breeding table, 
grouped according to these diameters — Continued 


Clnraelnt ana ijwr tt 
Frobt rebistancc — Continued 
Solanvm h tkatoitt Jiu 
Solanum eommertontt Dun 
Solarium curlilobutn Jiiz and 
Buk 

Solarium demusum T indl 


Solarium edtnenre Berth 
Solarium jmepczukii Buk 
Solatium millanti Buk and 
Ltchn 

Solarium semtdemirrum Jii/ 


Drought resistance 

Solarium medians Bitt 
Solanum vainlomt 
Late blight rcsistanci 

Solanum ajuteoense Buk 
Solanum anltpovtc it Buk 
Solanum bvloocasfat vi Dun 
Solanum demusum Lindl 
Solanum henryt Buk and 
Lechn 

Solanum rntllar ti Buk and 
Lcchn 

Solanum polyadentum Greenm 
Solanum vallts mextet J ti 
Solanum lorrucosim Schkoht 
Virus resistance 

Solanum ryhtntt Juz and B ik 
Early maturity 

Solanum phureja Juz and Buk 
Solanum rybtntt Juz and Buk 
Short day adaptation 
Solanum acaule Bitt 
Solanum anltlobum 
Solanum anltpovtcztt Buk 
Solanum bu'bocasfanum Dm 
Solanum demtssum Lindl 
Solanum gonwealyx Juz and 


Solanum jutepezuktt Buk 
Solanum semtdemtssum Juz 
Solanum squamulosum Mart 
and Gal 

Solanum vallts mextet Juz 
Solanum verrucosum bchlecht 
Short rest period 

Solanum boyacense Juz and 
Buk 

Solanum kesselbrennert Juz 
and Buk 

Solanum phureja Juz and Buk 
Solanum ryhtnlt Juz and Buk 


Irtfrilfalori and trfnmee nor 

Bukabov and Lechnovitz (It) Pissarev (,49) 
Bukasov and Lechnovitz (/ /) 

Bukasov (9) Pissarev (46), Rabumov UTi 
Schick (6/) Vessilosskii (7d) 

Bukasov (7), Kovalenko (S8) Pissarev (49), 
Rasumov (47) Schick (f 1), Vcsstlovsku 
(7J) 

Bukabov (7) 

Bukabo\ (9) Pissarev (49) Rasumov (47) 
Bukasov and lechnovitz (It) 

Bukasov ("*) Kovalenko (S8) Vtsselovsku 
(72) 

Bukasov (to) 

Kovalev (SO) 

Biikascv (10) K vakv (SO) 

Bukabov (10) 

Biikosav (tO) Kovakv (30) 

Bukasov and lechi ivit/ (II) 

Do 

Bukasov (JO 
Kovalev (30) 

Bukasov (10) 

Do 

Bukasov (8) 

Do 

Biikabov (9) 

Pissarev (46) 

Bukasov (9) 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Bukasov and Lechnovitz (11) 

Do 

Do 

Do 



STRAWBERRY 

IMPROVEMENT 


GLORCr M UAKHOW Stni r Pomolo 
giBl Divisi n of I ruit an 1 Vegetable Crops 
and Diseases Bureau of Plant Industry 


The stiawbeiiy ramt from Noith Vnunci anti some people think 
it if> delicious enough to bt a fair CMlian^o foi niiny of tne finits 
Ameiiei has received from othei parts of the woiltl Much of the woik 
of dovelopmg tho cultivited vanoties has also been done m the Lmted 
States but so umversil is the apiit il of tho sti ti\buiy that it is 
receiving the de\ oted attention of plant bieedtis m such i emote lands 
ns England the Union of Stnitt Sooiilist Kepubbes U?) ® and Jap in 
{33 34,35 36) 

The cultivated stinwbtiiy is defimttly v piodutt of plant hieodmg 
nnd IS relatively young Ihe conmierciil development of this fiiut 
has come pnncipilly sime the Civil Wir and most strawbeny vane 
ties now ^own have oiigmited withm the past 45 years Seventy 
years ago the strawboiry was pioduced almost entiiely near a few of 
tho largo cities N o w it is pi oduced oonimei cially m evei y State m tho 
Umted States, as well as m the intonoi of Alaska The intioduetion 
of improved varieties has been lesponsible foi tho steadily widemng 
commercial production Wlun the fiist productive film fiuited 
variety, Wilson was introduced about 75 yeais 0^0 it became possible 
to grow the striwbeny as fu south as Florida and Louisiana Ihe 
haidy Dunlap mtroduced about 35 y< iis ago, made it reisonibly safe 
to glow stiawbeiiies m noithiin Miehit,an northern Marne and paits 
of Canada Latei the oiioination of suitable hit,h quahty vaiieties 
m Alaska made it possible to raise sti iwbeiiics commtrcinlly even m 
that noi them rCt,ion Uuimg tho p ist centuiy hundreds of thousands 
of seedlmgs have been tested over 2 000 have been named and a few 
scoie are widily giown but these fiw score varieties combme the 
many qualities neccssaiy for modem commercial production m eveiy 
part of tho Unit^ States md m every fortign country havmg a 
temperate climate 

The world wide distribution of the stiawbmy may be att^uted 
to three thmgs (1) The origination of him vaneties like the Wilson 
adapted to widely diflormt conditions (2) the ability of the straw 
berry to grow from sea level up to elevations as Ibgh as 12 000 feet 
m hunrnl and dry regions 111 tho greenhouses of northern Europe 
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where the winter day is only 6 or 7 hours long, in Florida and southern 
California, where the winter day is 9 or 10 hours long, and in central 
Alaska, where the summer day may be 24 hours long (17); and (3) 
the high dessert quality and usefulness of the fruit, which matures in 
early summer when few fruits are available. 

THE STRAWBERRY IS A TRAVELER 
The strawberry was bom in North America, traveled to Europe, 
and finally returned home. But tho strawberry that returned was 
very different from the one that went to Europe. 

The cultivated strawbeny of today is derived from two American 
species — the wild meadow strawberry (Fragaria virginiana Duch ) of 
eastern North America (figs. 1 and 2), and the beach strawberry 
(F. chUoensta (L ) Duch.), found along the Pacific coast from Alaska 
to California and along the coast of Cmle (figs. 3 and 4).__ The beach 
strawberry is also found on the mountains of the Hawaiian Islands 
The meadow strawberry has thin leaves and bright-red aromatic 
berries with deep-set seeds, and it glows freely in many soils and many 


THE work of the Department of Agriadture in strawberry breeding 
gives an excellent idea of the amount of detail involved in the produc- 
tion of improved varieties of plants. In Maryland, the Department 
has fruited 86,000 strauibeny seedlings, representing artificial 
crosses among 150 different varieties. Of these, 1,999 were sdected 
for further testing, and only 7 haw been finally considered worth 
naming and introducing. In North Carolina, 54,000 seedling have 
been ffvwn and 1,245 sdecdons have been made for further testing. 
In Oregon, the number of seedlings grown was 97,000 and the num- 
ber seleOed for further testing is 1,331. In these few projects, then, 
more than a quarter of a million seedlings were involved; fewer than 
two out of a hundred were found to be worth further testing; and 
perhaps a score or fewer of new varieties will finally result. But 
of the few varieties already introduced, one is Blakemore, now con- 
sidered to be the best preserving strauherry in the United States; 
another is Redheart, now more extensivdy grown than any other 
canning variety; and two odters are Dorsett and Fairfax, tohidt are 
superior in dessert quality to (dher varieties previously grown. In 
addition to this breeding work, 30,000 tvUd Rodsy Mountain straw- 
berries were collected in 1936 to be grown at Cheyenne, Wyo., with 
Ae idea of incorporating their superior resistance to cold, dry 
uintars into cultivated varieties. 
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the beach stmwbeiry has thick leaves and 
dull-red berms with less aroma, and the seeds are usually raised 
above the surface It is native only along the beaches But hybrids 
are more vigorous and have wide adaptation ^ 

First Improvement Was Made by American Natives 
Before Columbus landed at San Salvador, unknown Indians of Chile, 
{south Amenca, had selected, from among the wild strawbcmcs that 
grow only along the beaches, plants that ^ro fruit of exceptional si/e, 



r rgiiit / — Tlic incaduw BtiawiKrry of llic ca->(eni United btates, 1 ragana virguiiana 
TiiL aroma, the beautiful color, ml the wide adaptalion of cultivated varieties come 
lar(,ely from this species 


‘commonly as large as a wslniit and sometunes the size of a hen’s 
egg” (45) The fnut was pale red, with hrm, meaty, almost white 
fltsh and a dehcate aioma (ligs 3 and 4) More impoi tant, however, 
the selected plants, 01 at least one of them, had perfect floweis, while 
all the true wild beach strawbemes and most of the wild meadow 
strawbemes of North America have the sexes borne on separate 
plants { 61 ) Just where the Indians found such a perfect-flowered 
wild plant, or how it came into cultivation, wo do not know An 
extensive search by the writer and others on the beaches of Cahforma, 
Oregon, and Washington has failed to locate a single perfect-flowered 
plant One of the present needs in strawberry bleeding is a survey 
of the coast of Chile, and particularly of Robinson Crusoe’s island, 
Juan Fernandez, to locate plants having perfect flowers and to deter- 
mme the value of the Chilean wild bemos in breeding 
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This early Chilean variety was taken to Peru in 1557, and it is still 
grown in Chile, Peru, Ecuador, and other South American countries. 

The second important character in the story of the modern straw- 
berry was a French officer, M. Frezier, who returned to Europe from 
Chile in 1714. He arrived at Marseilles, after a 6-month voyage, 
with five live plants of the Chilean variety (4S). Plants of the 
meadow strawberry of eastern North America had already been taken 
to Europe, and from crosses of these two forms the modern strawberry 
was developed in Europe 

A third great character in the story was also a Frenchman, named 
Duchesne. In 1760, when only 19 years of ago, he published a book 
of over 400 pages on the strawberry (28) Ho described the wild 

species, noted that 
some varieties had 
both pistils and sta- 
mens m their flowers 
and bore fruit, that 
others had only pistils 
and bore no fruit un- 
less they grew near 
varieties that had sta- 
mens, and that still 
others had stamens 
and pistils but were 
sterile Duchesne was 
probably the first to 
make actual crosses of 
strawberries 
A fourth character 
was an Englishman, 
Thomas Andrew 

Figure 2.- A pisUUate-Ho^ered seedling of a crob» of the Knight, who Oligmat- 
meadow atrawberry {Fragarkt wrginiana) X Dunlap. tho Uownton and 
Note the deep-set seeds. later, about 1820, the 

Elton Pine, which is 

still grown in Europe (89) Ho made many crosses and proved that 
systematic breedii^ would result in improved varieties He was 
really the world’s first sratematic fruit breeder. Best of all, he was 
a scientist who combined his scientific studies with practical breeding 
to secure better varieties. He has been followed by many strawberry 
breeders in England and on the Continent. 

A fifth great character in strawberry history was Nicholas Long- 
worth, a prominent horticulturist of Cincinnati, Ohio, and neat- 
grandfather of Nicholas Longworth, the late Speaker of the United 
States House of Representatives (11, 18). In spite of the work of 
Duchesne and a few others, few people in the United States knew 
there were different sex types in the strawberry. Longworth redis- 
covered these differences some time before 1834 He and his asso- 
ciates are said to have examined millioiis of strawberry flowers and 
dassified plants into four groups — (1) pistillate, (2) hermaphrodite or 
perfect, (3) two rather rare classes having stominate flowers, and 
(4) a clam having both pistillate and hermaphrodite flowers on the 







Fifftre 4 — ^The same vanety of Fragana chiloensu as m figure 3 but grown m a green- 
house near Washington, D. C , slrawing differences m shape and position of calys 
(cap or hull) These bemes were soft, while those shown m figure 3, grown in a cool, 
dry climate at a high elevation, are the firmest of any strawberries known m the world 


perfect-flowered vanetiea was lost aght of until rather recently, when 
it was rediscovered by Valleau (60) of Minnesota 

Origiiv of American Varieties 

The varieties oriented in Europe were soon introduced into the 
United States^ ana many of them were grown extensively m this 
coun^, especially in the years before 1850 Commercial strawberry 
growing near the largest cities had begim in the United States about 
1800, with such old varieties as Laiw Early Scarlet, Early Hudson, 
Hudson’s Bay, Crimson Cone, Red Wood, and later the Hovey. 

Since the time of Nicholas Longworth the outstanding development 
has been the introduction of a succession of new varieties with qualities 
t^t have made possible the extension of the territory where straw- 
berries could bo grown (g8) Among the most important of those 
have been the Wlbon, originated in 1851 ; Crescent in 1870; Sharpless 
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in 1872, Aroma m 1889, Dunlap and Marshall m 1890, Thompson in 
1894, luondiko {10) about 1896, Missionary about 1900, Ettersbiu^ 
121 m 1907 , Howard 17 m 1909, Progressive m 1908, Blakeniore, Dor- 
sett, and Fairfax m 1923, and Cats kill in 1924 {18, g9) 

In England, Myatt mtroduced the British Queen m 1840, and 
Bradley ongmated the Sir Joseph Paxton m 1862 and mtroduced the 
Dr Hogg m 1866 The Jucunda ongmated with Salter before 1860 

A large number of the other important English vaneties wore 
ongmated by Thomas Laxton and W his sons, the firm of Laxton 
Bros With the encouiagoment of Darwm, Thomas Laxton began 
his strawberry breedmg about 1866 His first vanety was the Noble, 
mtroduced m 1884 ana still grown extensively, especially m Germany 
and the Netherlands In 1888 the Kmg of the Earhes was mtro- 
duced, and m 1892 the Koyal Sovereign, a cross of Noble and Emg 
of the Earhes Though Bntish Queen and Dr Hogg are the finest m 
quahty m England, Royal Sovereign has high quahty and is probably 
the most widely grown vanety in northern Europe Latest of AU 
was mtroduced by Laxton Bros in 1894, and Givons Prolific, raised 
by Wdham Petois of Givons Gardens, was mtroduced m 1901 
Bedford Champion was mtioduced by Laxton Bros m 1904 and 
The Duke m 1919 

In Fiance {38, 4^) Pelevam mtioduced Pnncess Royale m 1844, 
and It was said to have been the leading French vanety for over 50 
years About 1S56 the Vicomtcsse H de Thury, raised m 1845 by 
M Jamiii, was mtioduced , Maiguonte was on^ated m 1859 by M 
Ijebreton, and in 1871 the Dr Morore, raised by M Berger, was 
introduced Di Morore has been grown as widely m France as the 
Royal Sovoi eigii m England 

in the Netherlands, Mme Kooi was raised by G Kooi before 1920 
and mtioduced by R Ilendnkson, who also introduced the Mme 
Leffibre 

In Germany, Late Leopold, raised by L Licikc, was introduced 
m 1904 Deutsch Evein, a cross of Siegei X Noble, was raised m 
1902 

STRAWBERRY VARIETIES Of THE WORID® 

United Stati s 

A GREAT many \aiiotiea have been grown in the Umted States, but 
at present only about 30 are important, 20 of them m about the order 
Ediown m table 1 

Besides the 20 listed, 11 other vaneties make up about 4 percent 
of the total acieage {18) These vaneties, with the same abbrevia- 
tions for ongm as m the table, are Catskill (Br), Clark (Br), Oeliich 
(Ulrich) (Ch), Ettersbuig 121 (Br), Corvalhs (Br), Glen Mary (Ch), 
Ridgely (Ch), Sample (Ch), Clermont (Br), Fairfax (Br), and Nai- 
cissa (Br) 'niougn there are many other varieties in the trade, 
they are grown to a very limited extent 

Twenty-two of the thirty-one vaneties were ongmated as the 
result of breeding, and they constitute over 75 percent of the acre- 
age {18, 38) For the most port, each of the important varieties has 

> The strawberry species are deectibed and listed in the appendix 
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made its -way ratW quickly into a prominent position Growers 
generally are interested in testing new sorts and are ready to change 
to any promismg new variety For example, the Howard 17 was 
introduced under that name m 1918, and 10 years later it was the 
pmcipal vanety north of the Ohio and Potomac Rivers. The 
Dorsett, introduced in 1933, has already become well known on the 
larger markets of the Eastern States 


Tabi.8 1 . — Important atraubeny varietiea ffrtim in the United States 



‘Br-breadinR Pn - private egftuy Fab>l>ubUo aceocy Cb-<hajicesee<llmi; 


The varieties now used probably represent better adaptation to 
conditions m the regions whore thev are grown than former sorts 
Varieties such as Missionary, Klondike, Dunlap, and Heflin are more 
like the wild meadow strawberry of eastern North America than like 
the beach strawbeny Through the hundred years of evolution in 
the cultivated strawberry the varieties have been tending toward the 
native eastern wild strawbenw. This has occurred because (1) most 
varieties have originated in the East; (2) seedhngs with more of the 
characteristics of native wild strawberry have naturally^ succeeded 
best and have been selected by breeders; and (3) many varieties, such 
as Missionary, were found in the wild as chance seedlings. The latter 
may have oii^ated either from seed of cultivated vaneties or as the 
result of bees carrying pollen of cultivated sorts to the native straw- 
berry. In some regions along the Atlantic coast most of the straw- 
berries found growing wild are now in part derived from cultivated 
sorts. Naturd crossing of cultivated with the beach and the Rocky 
Mountain strawberries has already started in the Western States, and 
many natur^ crosses have been found there. 

Fairfax, of the eastern varieties, and Ettersburg 80 and 121, of the 
western varieties, are the nearest to an intermediate between the 
eastern meadow strawberry and the beach strawberry. Dorsett (fig. 
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5), Howard 17, Chesapeake, and Marshall are thinner leaved and 
thus somewhat closer to the Missionary, Klondike, and Dimlap group. 
The success of Ktter (S) and Geoi^eson (SO) whoso work will bo dis- 
cussed later, in using selections of the beach strawberry has revived 
interest in this species. It is now being used extensively, particularly 
in the California and the United States Department of Agriculture 
breeding work, to increase vigor and to obtain resistance to root rots. 
Hybrids of cultivated varieties with Fragaria chiloensis, the beach 
strawberry, have much greater vigor than most variety crosses It 



FifOtre 5 . — The DorbCll slrawherry, d variety of very high flavor, rcbultuig from a croes 
of Howard 17, which is the pnncipdl variety of the northeastern United States, and 
Royal Sovereign, long the standard of excellence m northern Europe. 

appears that through the scores of years since the strawberry came 
back from Europe some inbreeding has occurred that has lessened the 
vigor of the cultivated strawberry. 

Important Varieties in Toreign Countries 
The strawberries of Canada are similar to those of the Umted 
States, the varieties being the same in most instances. In eastern 
Canada, Dunlap, Parsons, Howard 17, and Glen Mary are the chief 
sorts. In British Columbia, British Sovereim, Magoon, Marshall, 
and Sir Joseph Paxton are raised in the ^der coast climate, and 
Dunlap, Glen Mary, and Parsons (Gibson) in the interior. 

Because wild parental types of the cultivated strawbeny are not 
native to Europe, Asia, Africa, or Australasia, varieties of these coun- 
tries are all, or nearly all, the result of breeding. The varieties so 
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developed differ from one another more than do American sorts 
The principal vanoties grown in each country are as follows 

England — Royal Sovereifpi Mme Lefdbrc Late Leopold Obcrschlewen and 
Huxley (probably EttersburR 80) The Duke Sir Joseph Paxton Bedford Cham 

. , 3 Kooi are being grown s<»neithat and Western Queen ar d Pillnit* 

are being tested 

Scotland — hcarlet Queen, John Ruskin, Royal Sovereign MaoMahon and 
The Duke 

Germany — Deutaoh Evem and Noble for early Sieger Obcrschlesien and 
RoUr Elcfant for midseason and Jucunda and Leopold for late Vitrlandon is 
raised near Hamburg 

Neiherlanh — Jucunda Deutsch Evem, and Noble with some Scarlet and 
Oberschlcfcien 

trance — Minerve Souvcraine Moutot V H do Thiiry Dr Mircre Pavton 
Tomatc Marguerite Ixxipold and others 

Norway — Dcutsch Evern Abundai co and Bedford Champion 

Neva Tealand — Marguerite Mdba Pttersburg (SO or 121?) Captain Cook 
Noble Heltnslea Suninse ai d Royal Sovereign 

Vfclorto — Melba and Wilsoi a Pnde 

Taamanta — EttersLurg (80 or 1217) Roval Sovereign Melba and Abut dance 

SrRAWBFRRIES FROM SFED 

Thi, vahietifs of cultivated strawbemes of the United States do not 
come true from seed If 1,000 seeds of Marshall or Klondike or 
Howard 17 are planted, no 2 seedlings will be exactly alike Some 
plants will be weak, some strong, some will make few runners, some 
many, some will have large fruit, some small, some will bo productive, 
some unproductive Out of the thousand, few if any will be as good 
as the parent Because they do not come true from seed, and because 
they are so easdv propagated by runners that root at the tip to form 
a new plant, all Amencan varieties are propagated m this way, never 
by seed 

In Europe there are a few cultivated vaneties called alpmes or ever 
bearing wood strawbemes, some of which are often and others of 
which are always raised from seed They produce much smaller fruit 
than do our cultivated vaneties and are closely related to the wood 
strawbemes of North Amenca Thus, the Bush White is an alpine 
vanety that makes no runners, has small, white fruit, and, because it 
makes no runners, is always raised from seed The Belle do Meaux 
IS an alpine that produces runners, has red fruit, and may be raised 
from seed or propagated by runners Such vaneties have been 
selected, as have vegetables and other seed-propagated plants, until 
they come approximately true from seed ^ed vaneties of alpmes 
are relatively easy to establish as compared with seed vaneties of the 
common cultivated strawberry However, these alpme vaneties are 
rarely grown in the Umted States 

Though it IS extremely unlikely that any one of 1,000 seedlmgs of 
MarshaU, Klondike, or Howard 17 will be better than its parent, 
breeders have learned that if Marshall is crossed with some other 
vanety and 1,000 seedlings are raised, the progeny will be far more 
vigorous and productive than seedlings of Ma^all that are not the 
result of crossing Thus, from a cross between Marshall and Howard 
17, Slate, at the New York (State) Agncultural E^nment Station, 
raised 1,132 seedlings and saved over 160 as especially promising {55) 
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From these he selected a seedling that he named Catskill, which 
combines many of the good qualities of both parents. It is now 
widely grown. 

FLOWER TYPES IN STRAWBERRIES 

Cultivated strawberries produce two general typM of flowers — 
pistillate, and perfect or hermaphrodite {11,18). Rstillate flowers 
contain pistils, the female parts, but no stWens, while perfect or 
hermaphrodite flowers eontiun both pistils and stamens, the male 
pwte The other two types of plants, staminate and that with both 
pistillate and perfect flowers on the same plants, are rare. Pollen is 



Figure 6 —A strawberry flower showing the pistils in the center 
suiroimded by stamens. The anthers at the ends of the stamens 
are cracking open around the edges and shedding pollen 

carried by bees and other insects, but it is also thrown out of the 
stamens as the anthers crack open (%. 6), or it is jarred out and blown 
by the wind and falls on tho pistils. A variety having perfect or 
hermaphrodite flowers can protluce fruit when planted by itself, but 
one with pistillate flowers cannot set fruit unless porfwt-flowered 
plants are nearby to furnish pollen through tho agency of bees or other 
insects. Because of this, varieties having pistillate flowers are not 
generally so desirable as those having perfect flowers, and few of them 
are grown now. However, some of the^ pistillate varieties are very 
productive. Pistillate varieties are also injured less by the strawberry 
bud weevil than perfect sorts, since tliis insect f^ds on pollen; and in 
regions where it is serious, pistillate sorts are still grown. When the 

S lants are in flower it is very easy to tell a pistillate from a perfect- 
owered variety, as illustratetl in figure 7. 
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Partiai. Steriuty of Perfect-Flowered Varieties 

Though the flowers of pistillate varieties nearly always set fruit 
when pollinated, those of perfect-flowered varieties rarely all set fruit. 
The flower may appear to be normal, but the pistils may bo sterile 
Under some conditions not 1 in 50 of the flowers of certain varieties 
sets fruit. Studies by Valleau (60) have shown that only the pistillate 
plants of the wild meadow, beach, and mountain strawberries set fruit. 
Perfect-flowered plants in the wild are in reality males, even though the 
pistils usually appear normal. Occasionally the first flower to open 
on a wild penect-flowered plant may set a berry, and very, very rarely 



Figure 7 , — A perfect or bermapbrodite strawberry flower (A) having both putjg and 
stamens, and a pistillate flower (B) having pistils but no stamens. Pistillate varieties 
will not produoe fruit unless they are grown near plants having perfect or pollen- 
producing blossoms so that beM can carry the pollen to the pistillate flowers 

most of the perfect flowers on a plant of the wild meadow strawberry 
m^ set fruit. 

The flrst flowers to open on a cluster of a perfect-flowered variety 
are more likely to set fruit than the later ones, and the last ones to 
open are most often sterile. On the average alKiut one-third of the 
blossoms of cultivated perfect-flowered varieties are sterile. The 
clusters produced by the mam crown of a plant have fewer sterile 
flowers than the later-foraed clusters of branch crowns. Through 
scores of years, by breeding and selection, perfect-flowered varieties 
have now been obtained that set nearly all their flowers. In fact, 
under favorable conditions all the flowers of the Rockhill everbearing 
seem to set. 

At its base the pistil contains a minute egg cell ready for fertiliza- 
tion when the flower opens After pollen is placed on the end of the 
pistil, one or many of the pollen grains start to grow a tube down the 
center of the pistfl. The pollen absorbs food from the tissues of the 
pistil, and i^ally one pollen tube reaches the egg cell. The sperm 
nucleus, a minute globular mass in the pollen nain, passes down the 
pollen tube, enters the egg cell, and unites with the egg nucleus. When 
the nuclei of the pollen and egg uiute they form a sii^le cell that is the 
germ of a new plant. By successive divisions of this original cell, the 
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embryo plant, contamed m the seed that w o see on the outside of the 
strawberry, is finally formed Withm a few hours after the pollen and 

nuclei umte, the ends of the pistils dry up If no pollen reaches 
the ends of the pistils they will not dry up nearly so qmckly After 
the embryo has started to erow the tissue around the seed starts 
to develop mto what we caU the strawberry If any pistil is not 
pollmated, then the tissue around the base of that pistil does 
not develop When the pistils on one side or part of a flower have 
not been pollmated or have been damaged by frost the result is a 
misshapen berry 

TECHNIQUE OF BREEDING STRAWBERRIES (19, 20) 
Cbossino of strawberries may be done m the field under cages of wire 
screen or cloth or under sun traps (fig 8, A) Makmg large numbers 
of crosses m the field is ve^ labonous and must be done withm a short 
time Flowers may be killed by unseasonable late frosts, so that the 
work has to bo repeated and tune is lost For these reasons, if facili 
ties are available the crossmg should be done m greenhouses citW 
heated or unheated (fig 8, B) 

The other advantages of using an unheated greenhouse are that 
(1) the flowers open about a month earher than m the field (2) 
It IS possible to stand erect or sit while domg the crossmg (3) 
the pots can be earned to different parts of the greenhouse to 
save tune, (4) msects usually do not mterfere, so that the plants 
do not need to be covered , (5) the stamens do not open before the 
petals unfold, which makes it possible to emasculate and poUmate 
at the same time, while many stamens shed pollen before the flowers 
open out of doors, and (6) many perfect-flowered vaneties produce 
pnmaiy, secondary, and even tertiary flowers havmg no poUen 
beanng stamens, so that emasculation of such flowers is imnecessary, 
yet out of doors most flowers of the same vaneties produce good 
stamens Plants may be potted any time durmg the fall or wmter 
for bnngmg mto such an unheated greenhouse 
Pollination 

In emasculatmg, the thumbnail is generally used to cut away the 
stamens, corolla, and calyx at one operation (fig 9, A) If this is done 
with ordmary care, no mjury to the pistils follows Often the calyx 
and corolla are removed to identify crossed flowers even though emas- 
culation IS not necessary The primary and secondary flowers, the 
first and second to open, contam far more pistils than the flowers 
openmg later m a cluster Bernes developing from the primary 
and secondary flowers can sot far more seed than the later bemes, 
hence every eflfort is made to pollmate the earliest flowers on each 
cluster 

In crossmg, the flowers havmg unopened pollen-bearmg stamens 
are picked and allowed to wilt untd the anthers crack open to let the 
pollen out The flowers are used directly on those to be crossed, bemg 
held so that the stamens touch the pistils The flower is then twirled 
by Its stem so as to cover all the ends of the pistils with pollen (fig 
9, B) A flower with abundant pollen may be used to pollmate four 

188904*— 37 80 
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F ffi e 8 A Typw of cover ngg formerly used to keep nsecU away from flowers tl at 
wCTe be ng croeeed n the field a A w re screen cage 6 a glaea sun trap In recent 
years the work has been done far n ore qu kly and safely n cold greenhouses or prop 
ant ng houses as shown uB B Inter or f a cold greenl ouse at the breed ng season 
Note that the benches are of sol d eartl and hat the cen er walk s below the ground 
level The bouse s of the s nplest cons rue n be ng made of coldframe sash The 
potted plants of the different var et es to be used n breed „ 1 ave started spr ng 
growth and most of tl e rose ng can be d ne before 1 e flowers s ar on plan s 
out of doors 

to BIX flowers or even more Soi e bree lers collect pollen and tl en 
use small bn si es to apply it 

After beink pollmate 1 the flower flower cl ster oi plant is marl cd 
to indicate the cross (fig 10) and tl en bagge I or protecte 1 m some 
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way from insects if necessary (fig 8, A) The oernes are picked as 
soon as they are fully mature The fresh hemes may be mashed in 
dry sand to separate the seed, and the mixture of seed, pulp, and 
sand 18 sowed in flats and pots at once They are then covered with 
about one eighth of an 
A; inch of siud, and at 

X 

lowed to become dry 
With temperatures 
from 60° to 80° F the 
BKw seed genmnatcs in a 

^ *" ' < few days With very 

W ^ ^ high temperature the 

^ seed may become doi 

JfL mant and stiy dor 

W 1 mint until after a pe 

k ’ nod of cold weather 

which commer 

^^mA3k. . ^ ^ fertilizer has been 

added should not bo 
used for it may pre 
aent germmation 

Hanoi inc 
THF Seedlings 
When they reach a 
size convenient for 
handhng (fig 11) the 
secdhngs are pnci ed 
eithei mto fl its 2 inch 
ts apart or into thumb 
pots As soon as they 
are largo enough (2 to 
4 weeks) they are set 
m the field If set m 
the field in Maryland 
by July 1 they should 
. . , ,, produce a good crop 

ham 10 — A lutillale vancly used lo breedu „ Iho .1 . n^i,„ 

petals and sepals were removed from the flowers when , ^ o + A 

{w were Hlu«ted to .dentrfy them The plants be Set 4 

label indicates that all 24 flowers were i ollinated with tO 5 feet apart and 
U S D A sdeclion no 632 (Redheart) allowed tO make a 

small mat of ninner 

plants, or 12 to 18 mches apart m the row and all runners kept off 
Selection of Seedungs 


At the beginmng of the npenmg season all plants that would not 
be desirable commercially, mcludmg dwarfs and those subject to leaf 
or root diseases, may be cut out Further selection when fruit 
characters are judged will then be easier The number of selections 
made for future testmg vanes greatly but is rarely over 10 percent 
and 18 usually less than 2 percent of the plants fruited (fag 12) The 
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selmtions are then propagated and a second test on a larger scale, 
either a 26- or a 50-foot row, is made in comparison with standard 
varieties. After the ^cond test some selections may be tested further 
for some special quality such as suitabihty for preserving, canning, or 
shipping, or for behavior in different regions of the country. 

STRAWBERRY BREEDING IN THE 
UNITED STATES 
Objectives 

The fine dessert quality and the extensive cultivation of the straw- 
berry today are a tribute to the ability and industiy of breeders of 


V ^ ^ 


Figure 11 . — Strawberry plants grown from seed. 'Ihe five seedlings at the left are the 
proper size for repotting; the one at the nght is larger than the usual size. 

the past centurjr and a half Further improvement may consist 
laigely in obtaining varieties with (1) greater resistance to leaf, crown, 
and root diseases, to the virus diseases, and possibly to insects and 
nemas (eelworms); (2) greater resistance to high and low temperatures 
and to drought; (3) better adaptation to long and short days (17); 
(4) better dessert quality under adverse weather conditions; (5) 
increas^ firmness and toughness of skin; and (6) bettor adaptation to 
specific uses such as deep red, firm, tart varieties for canning; vaneties 
holding their shape, texture, flavor, and color after froedng; light 
red but red to the center, tart, firm ones for prerorving {15); varieties 
with aroma suitable for flavoring, etc. Such improvements would 
lessen the risks now faced in growing strawberries. Varieties most 
desirable for freezing for the small-package trade have been found too 
subject to diseases or not productive enough to become commercial 
sorts. Southern varieties have been highly acid and without much 
aroma in cold and unfavorable weather, yet there are varieties that 
have hi gh flavor under such conditions. 
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Methods of Breeding 

So far, unprovement has come through direct crossing of vaneties 
and species and baok^rossing to the parents Crossmg and the raismg 
of large numbers of seedlings w relatively easy and has been a rapid 
and effective method of breeding Backcrossmg a seedling to one of 
its parents has long been used by strawberry breeders as a regular 
practice There is much that can probably still by done by these 
methods However with new problems new methods and now 
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genes and appear only after inbreeding Yellow leaf seems to be a 
recessive character that might bo elumnated by selfing and by selectmg 
selfed hnes that do not cany it 

Private Brfeders 

Of the pnvate breeders who pioduced vaneties previously hsted, 
the foUowmg are still livmg A F Etter, Ettcrsburg, Calif , ongmator 
of Ettersburg 121 and other \aneties, E C How aid, Belchertown, 
Mass , who was associated w ith his father in the ongmation of Howard 
17 and Howard Supreme vaneties, Harlow Rockhill, Conrad, Iowa, 
ongmator of Rocknill and Progressive, e\erbeanng vaneties and 
Jeff Beaver & Son, Eku Claire, n is , or^pnators of Beaver Other 
pnvate breeders are Horace Wray, White Salmon, Wash , ongmator 
of Wray Red, and W Eosuga, Sandy, Utah, ongmator of Bern 
Supreme 

These breeders made crosses and selected the seedlmgs that seemed 
to come nearest their ideal Some of them have kept detailed records 
of their work, as the following parenti^e of Howard 17 shows 


The Howards tned to recombme m one vanety the desirable 
qualities m several Slate (65) has stated that Howard 17 is the 
outstandmg parent used at the New York station It has also been 
an exceptional parent m the breedmg work of the United States 
Depaitment of Agnculture 

A F Etter (hg 13) has collected and used selected wild straw- 
bemes m lus breedmg work, which began about 1885 (8) His most 
valuable contnbution has been this use of selictions fiom the wild 
Most of tho 60 or more vaneties mtroduced by him nie denved from 
selections of the beach strawberry, Fragana chiloensis, crossed with 
cultivated vaneties Quahties that he has bred into strawberry 
V aneties through use of selections of the beach strawberry are bemg 
extensively used by other breeders Thus, Redhevrt is a cross of 
Portia X Eurofeko the latter bemg one of Etter s vaneties South 
land resulted from a cross of Howard 17 X Ettersburg 80, while 
Corvallis is a cross of Marshall X Ettersburg 121 Many selections 
at experiment stations resulting from breedmg work and under test 
at present have as one parent one of the Etter vaneties or a vanety 
or selection denved m part from his vaneties 

Harlow Rockhill began his work with the everbearing strawbemes 
m 1895 and has used both American and Furopean sorts in his breed- 
ing Progressive was his hrst pioduction to be widely ^wn His 
later vanety, Rockhill (I/Vayzata), is resistant to cold and to leaf dis 
eases and is one of the highest in dessert quality m the United States 
(fig 14) Federal Strawberry Breeding Work 


The Federal strawberry-breedmg work (19, 20) has been earned on 
m Maryland smee 1920 The work was extended in 1928 to mclude 
cooperative work at the North Carolma Coastal Plain Branch Station 
at WiUard and the Oregon Agncultural Experiment Station at Cor- 
vallis 
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Over 86^00 seedlings, representing huntbeds of ciosses, have been 
fruited at Glenn Dale, Md , and at United StatesHorticultural Station, 
National Agncultural Research Center, Bdtsville, Md In all, over 
150 varieties and 20 selections of species ha\e been used in this breed- 
ing woik Selections to the number of 1,999 have been made, 7 \ar- 
leties have been named and mtioduccd, while 342 selections aio still 
unnamed and aio bemg held for fiirthci testing or for breeding 
The first woik at Willard consisted of tests of selections from the 
Glenn Dale station Banning m 1929, small seedlings r used in Maiy- 
land were taken to WiDaid and fruited there Since the beginning 
about 54,000 seedlings ha^e beengiownatWillauland 1,245 selections 
have been mode No selections 
have been namctl, though seveial 
aie being extensively tested and 
propagated The crosses have 
been nude especially to obtain 
fiimei , higher flavored shippmg 
varieties foi the South 
At the Oiegon station the fiist 
woik also consisted of tests of 
selections made m Maryland 
Ifowevei, crossing was immedi- 
ately begun, and to date some 
97,000 scedlmgs have been fruit 
ed and 1,331 selections made 
No selections have yet been 
named, though many are bemg 
extensively t^ted The crosses 
made have been laigely to ob- 
tam bettor preserving, freezing, 
cannmg, and shippmg bcriies 
At the United States Horticul- 
tural Field Station, Cheyenne, 
Wvo , the first selections of the 
wild Rocky Mountain straw- 
beiry, Fragana cuneifolia Nutt , 
were made in 1935 Though small fruited, they pioved much haidier 
than cultivated varieties, and m 1936 over 30,000 plants iv ere collected, 
chiefly fiom the States ot Wyommg, Coloi ado, Utah, Montana, and 
^uth Dakota Selections of these are to be used by Powers and 
Hddreth m crossing to produce varieties more losistant to cold, dry 
winters 

Extensive tests of many of the selections at Willard, N C , have 
been made m Maryland and at Corvalhs, Oreg , to find some espe- 
cially adapted to freezing m small packages with sugar or sump 
Similar tests have been mode of the preserving and cannmg quahties 
of many varieties As a result of this woik, the Blakemore was 
selected early m the breeding work for its superior quahties for the 
making of preserves {15) It is considered the best of all varieties for 
this purpose m the Umted States The Redheart was selected for its 
canning quahties and is now raised more extensively than any other 
canning variety Breedmg for firmness and adaptation to short day 



Fiffire 13 — A F Ettcr, 1" tierbburg, Calif 
pioneer m (he use of native ueslern straw 
bemes, plums, apples, and gooseberries 
Not only have his varieties been widely 
{,rown, but other breeders have used them 
extensively in their breeding wort 
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length requirements at the Willaid station have been other objectives 
Some of the crosses that have some of these desirable qualities are 
listed m the appendix under Sources of Supenoi Qualities in Straw 
berries 

Studies on the stenlity of flowers {12) types of flower clusters {13) 
number and length of runners stomata of the leaves (/4) transpira 
tion from the leaves, frmt bud development {€) spacing of plants, and 
leaf area m the late fall have shown lust what plant characteristics 
are most desirable and why Thus the fertility of all the flowers of 
Rockhill the low branching fruit clusters and early fnnt bud initiation 



Figure 14 — ^The Rockfaill everbeanng vanety {A) contrasted with a variety of the 
Alpine everbearing {Fragpna nssoa lemperfiorena) {B) Note the much Bmallec tout 
of the latter 


of Howard 17, the long, laige runner and natural spacmg of plants of 
Fairfax, the type of stomata of Blakemore {14), and the extensive loaf 
area of Dorsott when spaced— these have been found to be desirable 
characteristics under some conditions and useful m breeding In fact, 
an mtimate and extensive knowledge of such characteristics m vari- 
eties IS of CToat importance m selectmg vaneties for breeding and m 
making sections from seedling fields 

Stbawberry Breeding at State Experiment Stations 

Extensive strawberry breeding is a part of the work at many State 
experiment stations A list of the workers at these stations and the 
locations of their work is given m the appendix 

A relatively small part of the total strawberry acre^e of the 
country— about 10 percent— consists of varieties ongmated by pubhc 
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agoncios However, the acreage of Catskill, Dorbctt, Fairfax, and 
other now introductions is increasing rapidly, and these varieties are 
becoming important commercial sorts Strawberry breeding has been 
started only recently at many experiment stations as the need for 
better vaneties has become apparent Results fiom much of this 
work are not yet, of course, m the trade 

Alaska 

Strawberry bleeding was begun in Alaska (SO) m 1905, the first 
crosses being made between cultivated varieties and selections of the 
beach strawberry, Tragana chtloen<n<> Later, selections of the hardy 
ip tenor wild strawberry, F euneijoha (F platypetala Rydb ), as well 
as numbered seedlings, were also used m crossing Named vaneties 
from the States do not succeed in the climate of Aliska, and crosses 
were made to obtam vaneties with the size and productiveness of the 
cultivated vaneties and the hordmoss of the native wild strawbemes 
Some of the lesulting hybnds weie found to be hardy at Fairbanks, m 
the mtenoi of Alaska, where extremely low temperatures occur in 
wmter and where there is continuous daylight for about 2 months m 
summer Up to 1922 some 11,600 seedlings hod been raised As a 
result of this breeding woik strawbemes are now commonly grown m 
Alaska Since about 1922, vaneties ongmating at the expenment 
station at Sitka have supplied the markets both on the coast and in 
the mtenor, even above the Arctic Circle 

Mmnewta 

Strawberry breeding in Minnesota was begun in 1908 and has con- 
tinued to the piesent Ihe eailier woik consisted of crosses between 
commercial vineties to obtain hardui soits Betwetn 75 000 and 
100,000 seedlings weie raised from 1909 to 1924 Seven vaneties 
were named and intioduced as the result of this work — Duluth and 
Deephaven as everbeanng sorts, ind Minnesota, Minnehaha, Chaska, 
Ensypicker, and Nokomis as caily summer sorts The pnncipal 
vaneties used as parents were Abiiigton, Autumn, Beder Wood, 
Brandywme, Clyde, Crescentf?), Duluth, Dunlap, Easypicker, 
Enhance, Golden Gate, Jessie, Margaret, Pan Amencan, Prolific, and 
Sheppard Similar work on a smaller scale has been continued smee 
1927 

Selection withm self-fertilized lines was begun in 1922 and is being 
continued Vaneties selected for desirable characters are self-pol- 
hnated, about 6 percent of the better sotdlmgs propagated, compared, 
and the supenor lines again selfed Lines that have been selfed for 
one. two, and three generations aie now being grown The principal 
varieties used m this work are Belt, Chaska, Dunlap, Howard 17, 
Marshall, and Mmnehaha, and to some extent Beaver, Duluth, Early 
Bird, Mastodon, Minnesota, and Progressive 

S€Huh Dakota 

The breeding work in South Dakota {31) has consisted of an attempt 
to introduce into the cultivated strawberry the hardiness of the native 
strawberry of the Dakotas Dakota No 1 and Dakota No 2 were 
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introduced, and the former, now known as Dakota, is perhaps the 
hardiest variety known in the United States. 

Calijomia 

The breeding work in California was bcgim by W. T. Home and 
A. G. Flakidas in 1926-26 to obtain varieties resistant to the yel- 
lows or xanthosis virus disease. In recent years the work has been 
carried on by E. V. Goldsmith and H. E Thomas, and resistance to 
phytophthora root rot has been made a second major objective. 
Varieties and selections obtained from A. F. Etter and the United 
Sta^ Department of Agriculture, as well as many commercial 
varieties, have been ei^nsively used. Among the desirable characters 
for Ci^omia conditions not necessarily considered elsewhere are 
longevity of plant^ open crowns, long infiorescences, small seeds, and 
heavy production m spring, summer, and fall. The work has centered 
at San Jose imtil recently, when part of it was transferred to Davis 
Though very largo numbers of seeillings have been raised and many 
selections made, no varieties have yet Wen named and introduced. 

New Jersey 

Breeding work at the New Jersey Agncultuml Experiment Station 
(7) was begun in 1928 and has continued to the present All available 
varieties having promise for New Je^y_ conditions, ns well ns many 
unnamed selections from other institutions currying on strawberry 
breeding, have been tested. The principal varieties used include 
Aberdeen, Berri Supremo, Bliss, Bouquet, Chesapeake, Dorsett, 
Fairfax, Gandy, Howard 17, Lupton, Mastodon, Purcell, Pearl, 
Redheart, Teddy Roosevelt, Wyona, and U._S. D. A. 854 and 875. 
Besides published data on inheritance of earliness and lateness, data 
have been obtained on sex ratios, shape, color, flavor, and firmness of 
berry, and on inheritance of the everbearing characteristic. One 
variety, N. J. 36, was introduced in 1936. Lupton transmitted its 
size and attractiveness but also its poor quality to its seedlings 
Chesapeake transmitted its good flavor and its unproductiveness 
Many of the best very late ripening seedlings have had Pearl ns one 
parent. Fairfax seedhngs have had nigh flavor and were exceptionally 

New York 

Strawberry breeding at the New York station at Geneva was 
begun in 1889 by C J. Hunn and has been continued at intervals ever 
since (f, X, 64). At least 68 named varieties, as well as many selec- 
tions from crosses, have been used in the breeding work. Over 13,000 
seedlings have been raised and 21 varieties have been introduced. 
Severn of the more recent introductions are grown to a slight extent, 
chiefly in New York State. Clermont is grown to a conriderable 
extent in Erie and Oswego Counties. Cat^ll, however, is rapidly 
becoming an important commercial variety from Maryland to Mis- 
souri and northward. Most of the introduced varieties have had 
Marshall or Howard 17 or both as a parent, Marshall contributing 
high flavor and large size of berry, and Howard 17 productiveness 
and disease resistance. In a summary of the best parents in the 
breeding work, the importance of Howard 17 as a parent is emphasized. 
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A large percentage of its seedlings produce veiy smooth, umform- 
shapod, ^ossy beines that hold up well to the end of the season A 
few selections of species have been used m cios&es 

Connecticut 

At the Connecticut station, Howaid 17 Chtsipenke, and Glen 
Mary weie inbred for three geneiations .ind then the Fs (thud^eneri- 
tion) progeny wore crossed 1 he strawbei i y w is i epoi ted to respond 
to mbretding and crosbing in much the simo wiy as coin The F 3 
plants were dwarfed, but crossing seemed to bung hack the vigor that 
the varieties ongmally possessed From about 9 000 seedlings that 
resulted from crossing the F,, promising sekctions hi\o been made 
and are being given field tnals m different sections 

Other State Stations 

At the Marne station, bleeding woik was htgim in 1934 to obtain 
better lite vaiietits At the Massachusetts station, bleeding woik 
was also begun in 1934 to obtain late wiieties of better dessert 
quahty and also bettti pistillite sorts 

In Illinois, bleeding woik to obtain \ unties lesistant to blown 
stole root lot was staited in 1935 Mastoilon Abeideen, and Red- 
heart, which appear resistant, have been used in ciossmg 
In Wisconsm, bneding was bemin in 1933 to obtain pioductive 
eaily and lite conuneicial soits Howaid 17, Beavei, Corvallis, and 
Vanguard have been ustd as parents 
In Misbouii, though some orossmg wis done at the Moimtain 
Grove station in 1902 and 1919, no vaiieties weie intioduced In 
1936 selections of the meadow strawbeiry, tragatm tirgimam, weie 
crossed with Aionia, Blakemore, Faiifax Doisett, Chesipeako, 
Howard 17, and Joe, to obtain varieties with the resistance to cold, 
drought, and disease, and the high flwor of the wild strawbei ly 
In North Dikota, smnll-fruit breedmg began in 1920 and has 
contmued to the piesent The Diy Weatbir variety, lesistnnt to 
drought, was introduced in 1928 Resistance to wmtei cold, summei 
heat, and diought is be mg emphasized 

In Tennessee, strawbeiiy breeelmg began m 1923 and has continued 
to the present Both selling and crossing have been caiiied on to 
obtain productive vaiieties hardy in summer, resistant to leaf and 
root-rot diseases, and with attractive, firm, high-ilavoied Wnes 
suitable for processing and shipping Some selfed seedhngs of Aroma 
were found to be notably vigorous and productive 
At the Louisiana station breeding woik has lecently started with the 
objective of produemg varieties resistant to leaf spot and scorch, of 
good shipping qualities, and sweeter than Klondike 
In Texas breedmg work began in 1933 to obtain vaiieties resistant 
to heat, drought, and leaf spot, and that woidd produce su&oient 
r unn ers under the clunatio conditions of southern Texas 

In Washington State, at Puyallup, strawberry breedmg was begun 
m 1929 and has been contmued to the present The objectives have 
been firm- and soft-fnuted, lugh- and low-yieldmg, and red- and 
li^t-fleshed varieties 
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In Oregon, at Corvallis, breeding work has been earned on m 
cooperation with the Federal work since 1928 Previously, however, 
the Corvallis variety was on^ated by C E Schuster from a cross 
between Marshall and Ettersburg 121 Schustei noted that Etters- 
buTg 121 transmitted its vegetative charactenstics with lemarkable 
umiormity 

STRAWBERRY BREEDING IN OTHER COUNTRIES » 
Canada 

Thi Central Expenmental Farm of the Domimon of Canada at 
Ottawa and several of the provincial experiment stations, notably the 
Ontano Horticultural Experiment Station at Vineland, liave earned 
on strawberry breeding more or leas contmuously lor many years 
Several recent selections made at Ottaw a are being extensively tested 
{21) At Vineland some 30 000 seedhngs of 300 crosses and 60 open 
and self pollmations were laised, 340 selections were mode, and 
several named {59) Two, Vanguard and Vanduke, were grown to 
some extent at one time ^ 

England 

Among pnvate breeders in England, the firm of Laxton Bros , at 
Bedford, has been prominent for its berry breeding foi oxer 60 years, 
and the varieties of stiaw beines oiigmated by the firm have long boon 
important in Great Britain as well as on the continent of Europe, m 
Australasia, and in other parts of the world Among these. Noble, 
Royal Sovereign, Scarlet Queen Leader, Fillbasket, The Laxton, 
Latest, Bedford Champion and The Duke have been particularly 
important varieties Royal Sovereign is one of the parents of Dorsett 
and Narcissa and possibly of Fairfax {16) also 

Strawberry breedmg by public agencies in England is bemg earned 
on at the Ixmg Ashton Research Station, Umversity of Biistol, at the 
Horticultural Research Station at East Mailing, Kent, and at the 
John Innes Horticultural Institution, Morton The earliest work 
was that by C W Richardson from 1910 to 1922, on inheritance of 
characteristics in the species having seven pairs of chromosomes and 
to somo extent in cultivated vanotios bpmks carried on rather 
extensive breeding work at the Long Ashton station By 1923 some 
6,000 seedhngs had boon raised and 145 selections made He noted 
that Leopold transmitted its resistance to aphids, that seedlings of 
Leopold X Royal Sovereign and President X British Oueen were 
susceptible to mildew, but that seedhngs of Leopold X Stirling Castle 
were resistant to both aphids and mildew All seedhngs of V H 
de Thury X The Earl and L Gautier X White Perpetual were resist- 
ant to mildew, and only 1 in 60 seedhngs of V H de Thury X King 
George was susceptible The seedlmra of Bedford Champion X King 
George, Leader X St Antoine, and Fillbasket X Bedford Champion 
were the best flavored Germany 

In Germany three stations are carrying on breeding work with 
strawberries At the Umversity Institute for Fruit Culture, m 
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Berlin, quick- and oarly-npemng varieties with not too many flowers 
aro being bred for forcing houses At the Kaiser Wilhelm Institute 
m Muncheberg the breeding of large, productive, high flavored ever- 
bearers has been started, and studies ore being made on methods used 
m making selections, on inheritance and correlations of different 
qualities, on sex ratios, and on the periodicity of the growth phases 
At the Horticultural Station at PiUnit/, under the direction of Pro- 
fessor Schmdler, productive, high-flavored varieties that hold then- 
color, that are resistant to unfavorable weather conditions, and that 
ship well are the objectives Six vaneties have been named and 
introduced from this station 


Australia 

At the ITawkesbuiy Agricultural College Now South Wales, 
breeding for resistance to diseases such as root rot and leaf scorch is 
a primary objective Seedlings of Fragana chdoenaia X Bntish 
^vereign, Fcndalcmo X Bntish Sovereign, and Southland X Bntish 
Sovereign have shown the most promise 

SUPFRIOR GFRM PTASM 

In thi sTRAWBi iiRY IS in othei plants and in animals superior germ 
plasm refers to one or more inhentable qualities that may be desirable 
or useful to tlie grower or consumer Thus, a vaiiety or a species 
with fine fiavor, or resistance to disease or to extremes of high or low 
temperatuie, would be counteil as having superior germ plasm in that 
respect Certain characters would be considered undesuablo, for 
example, the one flowered cluster of Fragar la daltoniana J Gay 

Both of the species fiom which the common cultivated vaneties aie 
donved, F virgimana and F ehtloetm^t, as well as f cune'iMia. aie 
extremely vanable m the wild Cultivated vaneties, theiefore, nave 
vanous combinations of characters, desirable as well as undesirable 
In general, the 8< allot color, high aroma, tart flavor, and wide adapta- 
tion to climatic and soil conditions m cultivated vaneties are denved 
from F mrmntana The history of the strawberry and the success 
of Etter and Georgeson, who have used new selections of F cAifoensia, 
indicate that there may be many desirable characters m the wild 
forms of this species that have not yet been used Tests of selections 
of Jf cwneijolia and of hybnds with it indicate cold and drought 
resistance, everbeanngness, and quickness of response to warm spnng 
temperatures m this species (figs 16 and 16) These desirable qual- 
ities might extend both the range of cultivation and the fnutmg season 
of strawbernes As yet the collections and tests of F cuneijolia are 
too bnuted to fully evaluate these and other qualities that it may have 
However, hybnds of F cuM-^olm with cultivated varieties have made 
strawberry production possible even at Fairbanks, Alaska (80) 

Because native species often are rather difficult to keep ahve, 
crosses showing hybnd vigor may be useful m holding their supenor 
germ plasm m breedmg stock Fragana chiloemis is susceptible to 
cold injury in Maryland Its hybnds with Fairfax and Blakemore 
ore vigorous and are used as a source of the characters of F ehiloerms 
m the Federal breeding work Because F cunetfolia becomes ever- 
bearing at low elevations, it makes few runner plants, and for this 
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reason, too, hybrids servo as a source of its characters Some of these 
hybrids and other selections having superior germ plasm are listed in 
the appendix. 

Studies indicate that a variety or species showing any characteristic 
actually will transmit the character to a largo proportion of its seed- 
lings. Crosses of varieties and species, as well as genetic research, 
support the supposition that in the strawberry most qualities of 
importance in breeding are (quantitatively inherited, that is, that 
there are genes for such qualities as flavor, color, size, hrinness, etc , 
■ - each, or m many at least, of the eight homologous chromosomes 



Ftgurv 15 —The >»ild sir iivberry of the Rocky Mounlaing, t’ragaria cuneifolia So far 
it has been little used n breeding, but it is resistant to drought and cokl and is 
everbeaniig when grown in Maryland. 


(one pair in each four sets), and they have a cumulative effect. For 
example, it is as if the dark Redheart contained a gene for color in 
seven of the eight chromosomes, the less dark but still deep-red 
Dunlap in six of the eight, the medium-red Dorsett in five of the 
eight, the light-red Blakemore in four of the eight, and the White 
Sugar in about two of the eight If Redheart is crossed with a dark- 
frmtod variety, the seedlings are mostly dark-fruited; if it is crossed 
with a light-fruited variety, the seedlings are mostly intermediate. 

In TTiftftng crosses, therefore, breeders have learned that if a vanety 
shows anydesirable quality, in general that (quality can be transferred 
to any other variety if a large enough number of seedlings (cros^ 
between the two) are raised. Sometimes the see^i^ nearrat the 
ideal are backcrossed with one or the other parent Iwfore the d^ired 
character is obtained. The results published by Spmks (57, 5S) and 
by Richardson (SO, SI) in England mdicate that it is ^er to obtain 
many qualities in certain crosses than m others. Thus, Be^oid 
Champion X King George V gave 80 productive seedlings out of 235, 
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wWle Boyal Sovereign X King George V gave only 8 out of 114. 
Richardson obtained seedlinm with tiie highest flavor from a cross of 
Filbert Pine X King of the Earlies. Until the genetic constitution of 
varieties is worked out, the location of superior germ plasm must be 
assumed to lie only in varieties that show it 
Because of the apparent quantitative inheritance of characters in 
the strawberry, a scoring system is used in the Federal breedmg work 
to evaluate tne qualities. A similar system was used by Kefler in 
Missouri in 1893 For flavor, color, firmness, resistance to leaf spot, 
resistance to leaf scorch, and vigor, seedlings are scored on a scale of 



1 to 10, 1 representing best and 10 i^orst Thus, at Bcltsville, Md , 
Missionary might score 3 in resistance to leaf spot, Fairfax 1.5, Howard 
17 also 1.5, Marshall about 8, and Beaver 8. For flavor, Dorsett 
would score 1, Howard 17 about 3, and Lupton 5. Richardson in 
England used such a scoring system for strawberries, although ho used 
1 os poor and 8 os finest in flavor. Since the vegetative cells of garden 
strawberries contain eight sets of chromosomes (seven to a set, 
8 X 7 = 56 chromosomes), Richardson’s scoring corresponds to the 
number of sots. 

Though in years past it may not have seemed possible to have 
most of the desirable qualities of the strawberry in any one variety, it 
now seems practicable to get most qualities m breeding stocks and 
tiien cross these to obtain combinations of the qualities desirable for 
certain conditions. The history of the strawberry bears out this 
conclusion. Thus, the originaiion of the Wilson is considered to have 
made it possible to obtain varieties both firm-fruited and productive 
for Cerent regions. The Howard 17 has added high resistance to 
^seases in Northern States to the superior germ plasm. Pebbly 
within the next few years breeding stocks may have, m addition to 
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the fairly firm fruit, the productivity, and the disease resistance 
already obtamed, (1) the cold-hardmess of the Prt^essive and of 
Fragana cuneijolm, (2) the heat resistance of Missionary, (3) the 
drought resistance of F cuneijolm and of U S D A 17*)! , U) the 
smoothness of flesh of Corvallis, (5) the dessert quality of Kockhill in 
Minnesota and of Dorsett in Maiylind, (6) the si/o of MandinU in 
the Pacific Northwest, and (7) the tough skm of Rodheart Latex 
breeding may then add quahties for specific legions or uses, as the 
bright color of Blakemoio foi a preservmg and shipping soit, the deep 
color of Rodheait for a canmng soit, the poeuhar fluvois — like gripes 
apricots and rod and black raspberries — of ciosscs of U S D A 652 
for novelties, the shoit-<lay adintation of the Missionary for Flondi 
the longer day adaptation of Iloward 17 for other regions, and the 
evorboanngntss and runner production of Mistodon 

In Euiopo the source of superior germ plasm may also bo mdicated 
by the qualities for which outstanding vaiietics aie known Thus, 
British Queen and Dr Ilogg aie consideied to have the finest flavor, 
while Royal Sovereign and Pavton have the best flavor of the widely 
raised sorts. The Duke, an early, and Waterloo, a late variety, are 
often consideied drought-resistant. Noble retains its color especially 
well m cooking and is one of the fmest flavored and most widely 
adapted soits, H Vicomttsse de Thuiy (Stiihng Castle), Deutsch 
Evein, and liittle Scarlet aie considered the best for lam and are venr 
neh-flavored , La-rton s Latest, Late Leopold, Waterloo, and Givon^s 
Prolific are very late soits, Deutsch Evern and Royal Sovereign are 
suponoi foicing vaiieties, Mmo Kooi is veiy laige and one of tht 
most productive but is soft and of poor quality, Laxton s Latest is 
of the laigest si/e, and Royal boveieign. Sir Joseph Paxton, and 
Dr Moieio are widely grown, pioductive mam-crop sorts, the fan 
Joseph Paxton beum frost-icsistant Late Leopold also escapes 
spring fiosts The Laxton glows wheie most othei sorts do not 
succeed Deutsch Evem is one of the best for preseivmg 

STRAWBERRY GLNETICS AND CYTOLOGY • 

THtm has been little satisfactoiy interpretation of the inhcntanco of 
characters m the stiawbeny, although there has been considerable 
study of the matter (3, 4, 6, 6) This is because most of the characteis 
such os color, sire, shape, and structure of berry are quantitative and 
detormmed by several genes Three pairs of contrastmg characters, 
however, are availablo for study 

Femaleness versus various degrees of hermaphroditeness has been 
extensively studied In most cases when a hermaphrodite vanety is 
selfed only hermaphrodite seedlings are obtamed (3, 9, 37) Female- 
ness X hermaphroditeness gives m most cases at least a 1 to 1 ratio, 
apparently mdicatmg a sm^e pair of allelomorphs located m a smgle 
pam of chromosomes However, hermaphroditic vanetics and seed- 
migs represent an unbroken senes from complete fortihty to complete 
stenhty of the pistils, and a satisfactory genetic explanation is yet to 
be made If the chromosome seta of the cultivated strawberry are 
not now identicd, and if pairmg takes place between chromosomes m 
different sets of seven, then more or less stenhty would be expected 

written pnmarUy lor student* or others profcaaonaUT Interested to breeding or tenetlcs 
188004 37 31 
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The unbroken senes from complete sterility to complete fertihtv 
mdicates that random painng between all the chromosomes of all 
four sets actually occurs 

A second pair of contrastmg characters is June-bearmg versus ever- 
bearing Everbearing vaneties X everbeanng vaneties gave at 
Ottawa, Canada, 85 everbeanng to 66 Junt -bearing, wlule everbeanng 
X Junc-bearmg and June-beanng X evorbtniinggavo 257 everbeanng 
to 788 June-beanng. The everbeanng vaneties are evidently hetero- 
zygous and the June-beanng homozygous Assuming that evorbear- 
mgness is due to two dominant complementary genes, A and B, then 
the «.verbeanng «ould have the composition AaBb and, selfed, would 
give a 9 to 7 ratio, which was found, 85 everbeanng to 66 June-beanng 
Wlien June-beanng are crossed with everbeanng, a 1 to 3 ratio would 
be expected, or 261 everbeanng to 783 June-beanng, which is veiy 
close to the 257 everbeanng and 788 June-beanng actually found 
In England, Richardson selfed both the everbearer St Antoine do 
Padoue, gettmg 108 everbeanng to 22 June-bearmg, and the everbearer 
Laxton Perpetual, gettmg 69 overb< amig to 11 June-beanng When 
he crossed a June-beanng Bedford Champion with an everbeanng Lax- 
ton Perpetual he got 24 everbeanng to 63 June-beanng One of these 
June-beanng F, plants, when selfed, gave 8 June-beanng to 6 overbeai- 
ing These numbcis mduute (1) that his everbearers did not have the 
same genetic constitution as those at Ottawa, Canada, and (2 ) that more 
than two and probably four complementary genes were involved, or 
that, if tliere were only two genes for everbeanngness, they were Imked 
However, too few numbers have been raised for denmte conclusions 
A third set of contrasting characters may possibly be useful in 
studies on inhontance, namely, normal versus \anegated or chlorotic 
leaves Richaidson and Clark have made some studies on their 
mhentance However, enough records ha^e not yet been secured to 
mdicate the genetic composition of a variegated plant 
Strawberry Species of the World 
Although about 150 species names have been applied to the stiaw- 
berry, the most recent monograph desenbed but 45, a number that 
IS undoubtedly much too large This monogiaph lists 4 species for 
Europe, 26 for North America, 1 for South Amenca, and 15 for Asia 
However, many of these can nardly be separated from one another 
and a total of about eight mcludes all the distmctive species These 
eight belong to three groups as follows 
Pragana vesca (wood strawberry) group, 7 pairs of chromosomes 

1 F ddUonwna J Gay, southern Asia 

2 F ntlgerrentti Sohlecht southern Asia 

8 F vetea L , circumpolar 

Variety temperjlorms Duoh , Alps 
P caluomtea^ Cham and Sohlecht , North Amenca 

4 P mndts Duch (F eoUtna Ehrh ) central Europe 
Pragana motchata (open wood strawberry) group, 21 pairs of ctunmosomes 

6 F moaefuUa Duch (F elattor Ehrh ), cenhal Europe 
Pragana vtrgtntana (cultivated strawberry) group, 28 pairs of chromosomes 

6 F endoetma (L ) Duch , coast of Abuka to central Californui, southern 

Chile, mountains of Hawau 

7 F eanetfolta Nutt (,F platgpetala Kydb), Rooky Mountains 

8 P vir gtntana Duoh , eastern North Amenca 

' JVsfsrweoK/'onileilavsrydowtoF Mwa and may be ooiuddend only a botanical vsiuty of F pt$ea 
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Though these eight may mclude all the wild species, a final chissifi 
cation must await extended field studies of Asiatic forms Six of the 
species are illustrated m figures 17 and 18 

Species With Seven Pairs of Oiramosomes 

The first four species have seven pairs of chromosomes (J^O, 64) 

and are m general smallci plvnts with thmner leaves and smaller 
fruit than American cultivated varieties Fragana daltomaiia 
I coUina, and F nilgerrenais belong to the F vesca group and so far 
have not appeared to hive quahties of value foi breeding I 
dalionuina is unproductive, smee it has one-flowered flower clusters 
The fruit of F coUitm is vi ry small, and the plants have not survived 
in Maryland The beiries of F nilgerrenais aie many-steded and 
rather tasteless The plant, however, is vigoious A number of 
varieties of the everbeanng t veiea var aemperjlorena are grown to 
some extent in Europe Though the fnut is smaller than that of 
Amenean cultivated sorts, it is aromatic and home freely throughout 
the summer in the climatic conditions of northcin Europe but it has 
not been suocessful m the Umted States The fruit of I vesca and 
I califomica is small — too small to bo worth while 

Vaiietics of Fragana moschaia the open wood strawberry of 
Europe which has 21 pans of chtomosomes, aie cultivated to some 
extent m European gardens for their very aromatic vinous flavored 
fi mt Though the fnut is small, it is larger than that of the alpinos 
Vineties hko Royal llautbow and Black Hautbois grow fairly well 
in the northern Umted States if protected m the wmter, but they have 
never succeeded commercially La Constanto, a Froneh vanet> 
supposedly dciived from F ehiloenns X nrginiana is k ported to 
have much of the vmous flavor of F moschaia and may possibly be a 
soul CO of this flavor for breeders 

Species With 14 Pavrp of Chromosomes 

S|iceios with 14 pairs of chromosomes have not been known in the 
wild until recently, when Fedorova reported that Petroff found 
a form with 14 pairs of cluomosomes, w^ch ho referied to as Ftagaiia 
orientalis A Los Los , an eastern Asiatic species formerly classified 
with botamcal vaneties of F vesca Longley has suggest^ that the 
ancestral strawberry from which the others descended was close to 
F vesca This has the basic numbei of 7 chromosomes m the germ 
colls (diploid number 14) Lihenfeld {39, Jfi) recently has apparently 
proved that F moschaia {t elaiwr), which has 21 chromosomes in 
the germ cells (diploid number 42), actually was denvod m ages past 
from species with 7 pairs of chromosomes He reached this con 
elusion because, in crossmg a species havmg 7 paurs of chromosomes 
with one having 21 pairs of chromosomes, 14 chromosomes of F 
moschaia paired with 14 from the vesca type and 2 sets of 7 from 
F moschaia pau-cd with 2 other sets just as though they were a 
14-chromosome species The resulting seedlings were fertile and 
constitute a new species with 14 paus of chromosomes named by 
Lihenfeld F elnivponica Lil (denvod from F elatw, a synonym of 
F moschaia, and I mpponica Mak , which is a Japanese form of 
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Figttre 18 — European anti Aoiaiic HlraHbcrry speciei) 1 B trayana nUgf-rreiDiis a 
14-chromoeonie atrawberry of bouthern Aua L, D, F vesca, the 14-ehronifwoine wood 
itrawberry of Europe F, t, f mouhata, the 42 chmmnaome open wood airawberry 
of Europe F ntlgerrensis is a rather tasteless sUawberry but may possibly be of use 
fur breeding From an everbeanng form of F nuca have onginaled the small alpine 
strawberries grown in the gardens of Europe From 1 moschata have eome the high 
flavored rather small llauthoib vanelies of Europe 
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F. vesca). Yamell also raised 14-cliroinosome seedlings from F. brac- 
teata X vesca var. rosea, and Fedorova (£7) U-chromosome seedlings 
from F. vesca X moschata. 

In a similar manner East (£6) was able to get pairing of one set 
of chromosomes from F. vesca (n=7) with a set from F. virginiana 
(ra=28). Though the resulting diploid seedlings were not as fertile 
as seedlings of F. vesca, the chromosomes were actually related closely 
enough to pair. Apparently tlirough the ages since the 28-ehromo- 
some species originated, some changes have occurred in the cliramo- 
somes, but not enough to prevent pairing. 

Species With 21 Pairs of Chromosomes 

The only known species with 21 pairs of chromosomes is Fragnria 
moschata, which has been discussed above 

Species With 28 Pairs of Chromosomes 

Fragaria virginiava, F. cvneifolm, and F. chiloevsis, the group from 
which the cultivated strawberry has descended, each has 28 paire of 
chromosomes F. cvnefoUa is the Rocky Mountain wild strawberry, 
native from Arizona to Alaska and Colorado to Oregon. It has been 
used very little m breeding However, its resistance to low winter 
temperatures and drought ami its overbearmg character at low eleva- 
tions indicate its potential value 

Many attempts have been mode to cross Fragaria vesca and moschata 
with the cultivated strawberry Such crosses have actually been 
matle, but m carefully controlled testa the seedlings have been entnely 
or nearly sterile However, evidence indicates that all four sets of 
chromosomes of the cultivated strawberry and of the species with 28 
pairs of chromosomes had a coimnon ongin and nro proliably homologs 
of those of F. vesca. It seems entirely po.ssible that in some case.s 
where cultivated varieties have been crossed with varieties of F. vesca, 
true hybrid scedlmgs may have originated by a substitution of 7 
chromosomes of F. vesca for a set of 7 of the mother plant, and, by a 
subsequent doubling of the 28, a seedling with the full 28 pairs devel- 
oped If the sets are homologs, as suggesteil by Ixmglcy (41) and 
East (23) and if those of F. vesca should pair with those of tJie culti- 
vated strawbeny, the differences in seeding nught be so slight as to 
be unnoticed The everbearing crosses (Chesapeake X F. vesca and 
Early Jersey Giant X F. vesca) reported by Van Fleet may have hail 
such an on^, for neither Chesapeake nor Early Giant seedlings would 
be expected to be everbearing. 

Chrohosohes of the Strawberry 

Yamell (63) studied the chromosomes of strawberries in an attempt 
to ffnd constant differences among them and concluded that the only 
constant difference was in length. He found that their smdl size, 
their shape, and their position made even an estimate of length 
difficult. He found the chromosomes of different species very similar. 
The length averaged 1 7, 1.5, 1.4, 1.3, 1 2, 1.0, ami 0 9 microns. The 
two shorter and me longest were usually easy to distinguish, but the 
others were not. 
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Longley (4^)j Yainell, and Lilienfcld {Jfi) all suggest that the 
chromosome sets m the species with 21 paus and 28 pairs of chromo- 
somes are homologs Longley notes also that voiiability is associated 
with polyploidy and that the species with 7 pans of chiomosomcs aio 
much loss variable than the species with 21 oi 28 pans of chiomosomos 
The diploid Franana are peifoct-iloweied, and sev dideientiation 
occurs only m polyploid forms So far as the wild foims are known, 
the species with 21 paus and those iMth 28 pans of chromosomes are 
far more variable than the foims iMth 7 pans of cluumosomes, and it 
is evident that vaiiabdity has come m with polyjiloidy 

llYBHlIlb lii-rniEN ( HROUOSOMI< GkOUPS 

Millanlot (45) m France, Kichaidson {^8, 49, BO, 61) m England, 
Solms-Laubach (J6) m Aiistiia, and Sihiomann (54) m Geimany liavo 
made ciosscs between species of the diftciont chiomosome gioups 
Ifowever, the crosses made at the Bussey Institute by East and by 
two of his students, Maiigelsdoif (43, 44) and Yainell (62, 03, 64, 65), 
and re]ioited by these invcstigxtois and by Ichijima (33, 34), cover 
most ot the species ciosscd An outhne of the ciosses lepoited bv 
tliem follow s 


Hyitnils uahtn th, t,rfiup\ having 7 and 2H pairs «/ ilirvmosomn ’ 

SlKJPicb with 7 purs of cluoiiiosonics 

Fragana cahjornica Cliani snd Schkcht X hiacUata IlclUr (— eahfoimra), 
1 1 fully fertile 

r eahfomiea Cham and Schlccht X vesca roiea Rostr , 1 1 fiilh fertile 
F coUiiia Ihrh {= vindis) X numma (?), li flowered 
F coUina Ehrh X » tlgtrnnsii, Schlecht , 1 , vigorous 

} tiuxtcana Schlccht (— wsco) X anurtcana alba Cliitc (= vtsca alia or 
Vfsra amcncai a alia) 1 1 fuUy fertile 
F amencana tilha ( lute X inexicana Schlccht 1, fulh fertile 
F vcsca rosea Rostr X amencana alia Poiter, P, fully feitilo 
F vesca rosea Ro-itr X metteaua Seldecht , 1 1 fully fertile 
F we»e« rosea liosli X colUna Lhrh , 1 1 partially fertile 
F vesca I X vesai rosea Rostr , 1 1 fullv fertile 
f vesca L X ndflimuMs Schlecht 1, dwarfs noflowerb 
f vesca L X amencana alba Portci 1 , fully fertile 
F vesea L X mamma (?) (= vesra or vesca mavma) 1 1 partially fertile 
I lesca L ( 1 iflib, ITnioii of Soviet Socialist Republic-?) X nsea rosea Rostr , 
Pi fullv fcitilc 

F bracteaia lltller X vesca rosea Rostr , 1 1 llowcreil 
P bracUata llellci X amencana alba Porter, F, fullv fertile 
P hracteata Heller X cnlhna I hrh 1 1 partially fertile 
F hracteata Heller X maj.tma (?), I, jiartially fertile 
F hracteata Heller X ntlgerrensis Schlccht , Pi dwarfb, no flowers 


Species with 28 pairs of chromosomes 

F chtlocnsis Duch X virguteana Duch , P, fully fertile 
F vtrgintana Duch X ckiloensis Duch , P, fully fertile 
F virgxnxana Duch X qlauca Rvdb (= eiinetfolia), 1 1 fully fertile 
r chiloensts Duch X platyjH-lala Tiidh (= cunex/olta) 1 1 fully fcrti 


Mangclsdorf and East lepoited on hybnds between different 
chromosome groups— 14 X 42, 14 X 56, 56 X 42— and on generic 
crosses tragana tescOc (2n=14) X daitor {=moschata) (271 — 42) 
resulted in no Fi plant that fruited out of 600 seeds F ve^ca (27i= 14) 
X chtloenwi (2n=5b) resulted in 6 nonblooming seedlings out of over 


es are thONO U't” • V \anou» aulhor folloved In some cases by ld«ntlfl(atlon<i 


'I he --leciet nan I 
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1,200 seeds F amencana alba {—F vesca alba or F vesca amencana 
alba) (2n=14) X glauca {=F eunetfolw) (2n=56) gave only 1 plant 
from 66 seeds, and it did not bloom F vesca (2n=14) X glauca 
(2n=66) gave 5 nonfiuitmg plants out of 250 seeds F vesca rosea 
(2n==14) X glauca (2n=66) gave 7 nonfruitmg plants from 76 seeds 
F vesca (2n=14) X tngmmna (2ft=56) gave 21 Fj plants from 600 
seeds, none of wlueli was fertile F hracteata (=/' cahjormca) 
(2n=14) X mrqimana (2n=')6) resulted m 10 nonfruitmg plants 
from 24 seeds and 2 pistillate plants that crossed with vesca rosea 

t virginiana (2n=56) X elaiior (2»=42) resulted m 90 plants 
from 100 seeds, many of the plants being vigorous, all those considered 
hybnds wcie stciile 

Yaniell crossed chromosome groups as follows 14 X 2S, 14 X 42, 
14 X 56, 42X 2S, 56 X 28 and 56 X 42 The 14 X 2S, 14 X 42, and 
42 X 28 pioved to be nearly or completely stenle The 56 X 28 cross 
gave flowering plants, but none produced pink flowers os would be 
expected with pink dominant This is explained by assuming that 
28X14 

the crosses were hexaploul — ^ — and that there were foui leccssive 

factors for color ivppp) and only two dommnnt factois (PP) In a 
seedling having the composition PPpppp, the two dommant genes 
would be unable to function 


Inheritance in the Spfcils With Seven Pairs of Chromosomes 
Richaidson (^S) in England obtained normal hybrid segiegation in 
the species Fraqaria tesea, with seven pairs of chromosomes Ho 
crossed a trifoliate with a monofohate plant The I<i plants were all 
trifoliate When these were selfed he got 177 trifoliate to 73 mono- 
foliate instead of the expected 187 6 to 62 5 He also crossed a 
white- with a red-fruited vaiiety The E, plants weie rod-fruited 
but when selfed gave 70 red-fruited to 20 wluto, which is close to the 
theoretical 67 5 to 22 5 In crosses between single- and double- 
flowered forms the F, was smgle but gave 155 single to 62 double in 
the Fj mstead of 163 smgle to 54 double A cross between runnerloss 
and runner-produemg gave ninner-producmg m the F,, but 342 runner- 
producing to 97 runneiless in the F* instead of the e'^ected 329 run- 
nered to 110 runnerless Though the above four characters showed 
inheritance not far different from the expected 3 to 1 ratio, Richardson 
had difficulty m classifying his F* m a cross between pink- and wluto- 
flowered plants Mangelsdorf and East, however, obtained 128 pink 
and 46 wnite in a similai cross, which is veiy close to the expected 
3 to 1 ratio They also crossed red- with white-fruited plants and 
obtamed 102 red-fruited to 56 white-fruitcd plants instead of 118 5 
red to 39 6 white CewEMC CoseES 


Fragana tesea (ji—7) X Duchesnea tndtea (L ) Focke («=42) re- 
sulted m 30 plants from 500 seeds, 26 being hybnds, all small and 
weak F vesca (n=7) X Potentma nepalerms Hook (a unknown) 
resulted in 2 seedlings from 141 seeds, but both died before flowenng 
Crosses between the strawberry and the raspberry have been reported, 
but the proof of such crosses has not been fully established The 
so-called strawberry-raspberry is not a hybnd but a low-growang 
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raspberry fiom China and the so called ticc stinwboriy is simply a 
species of tree, Arbutm unedo L beaiin^ fruit ivith a sli^lit lesein 
blance to a strawberry 

Unusual Iniiiritanli in hR\c>AKiA 


PaterTuU inheritance — Millaidet ^4 reported foui cases in 

which the seedlings rtstmbled the unit paunt I hose ciosses wire 
Frngana veica X Globe, t teica X Vnanis t itsca X chdoenbis 
(n-7 X n—28 crosses), and 1 moschota {elatwr) X (dobc (n— 21 X 
n 28) Though the fust twocrossts g ivt stcnlc st idlings and the last 
two gave seedlings with Kdutedltrtility tluyni ly have bttn pliysio 
logical midts or impel feet hermaphioditts lihi]iina (id), woikmg at 
hasts laboratoiy, counted chioniosomcs ot stvti il pitroilinoiis by 
bnds and found them equal to the sum of the h iploid mimbtrs of the 

f arentfa In a cross of r testa (to ea X alba) X i K)tn ana, howevci, 
chijima found one plant with a somatic number ot 5(> thiomosomes 
tint was close to F tiiginiana in appiaiance "Y uiull has also le 
ported two octoploid seedlingh fiom crosses of n 7 X n=28 plants 
Longley also rcpoited \ cioss of / leica alba X Vuum wheio the 
seedling resembled the male parent and had tin sanu thromosome 
iiumbci Rygg and Daiiow (53) found a consult i able peicintngc 
(1 2 percent) ot such plants out of S 519 crossts of cultivated vine 
tics X i' cune jolia, both with parents with 28 puis of chromosomes 
\\ aldo has also found 5 plants ol the inatein il 22 of the pateinnl, and 
C of the hybrid types in a cross of / chdoenus X cunetjolui 1 he full 
explanation of this uppeiiincc of seedlings ukntical with or vtiy like 
tlie male IS not yet apparent However an obstrvntionof Ichijima 
that the pollen mothti ctlls have two multi and observations by 
Rudlofl (52) that two tompleto tinbryo sacs wcie oftin seen side by 
side in F virgin tana and / leaa and tint thty may fuse iniy hav« 


some beanng on this , , , ,.,1 , . 1 

Pairing of chromosomes in an ait ficuil polyploid— \\hu\ feitile 
tetraploids oiigmated as the result of a cioss ot J tagana bracUata 
(— F vesca cahjomica) X lesca rosea Yaincll (14) com hided that 
tho loia homologous chioniosoints piirtd at landom lhat is the 
sets of seven chromosomts m eatli spetits weie sutluiontlv alike so 
that the long chromosomes from F biacteata might pur with tht long 
ones from F vesca rosea, anti tho short with shoit Howovti a 
critical review of the lesca group indicates that bracteata might better 
be classed as a botinical variety, F vesca cahforniia, coordinate with 
rosea If this cl issiht ation bi made, tho chromosomts of tins hybnd 
may be considered homologs of these botamtnl viiictiis of tesca 

Againinacross oiFraijanaiescaalha{n = 7) X i tr^inioaa (ji = 28), 
East obtained a diploid hybrid Nine of the 1 , were fertile, three 
seedlmgs did not flower for the 3 ycais they were observed, and 
seven were stenie It is notcwoithv that a set of seven chromosomes 
of F virginiana paired with a st t of r lesta alba wrell enough to fonn 
some fertile seedlmp Yarncll also reported diploid hybrids of 
F vesca rosea (n = 7) X glauca {= F cunerfolia) (n = 28) and of F 
vesca alba (n = 7) X chiloensu (« = 28) ,1 « 

Pavnnq of nonhomologmu, chromosomes —Y&rnell {bj) reported that 

tetraploid plants resultmg from crosses of F bracteata X vesca rosea were 
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crossed with three species having seven chromosomes The seedlings 
were tnploids with 21 somatic chromosomes Examination showed 
that the nonhomologous chromosomes paired Later he reported 
other similar mstanees Conditions were present — possibly high 
temperatures — that made possible the paiiing of chromosomes that 
wore not homologs, even though nainng of homologous ( hromosomes 
only IS supposed to be essential to the Meiulehan conception of 
heredity 

Production oj homozyqotei through induced jmTtlicnogenesis — A 
single factor pair^ Fp, was found by East (£4) and his students to be 
responsible foi pink and white color of flowei, and another pair, Rr, 
for rod and white fruit color iii the diploid species In crossing 
t bracteata X tesca rosea, a heterozygous lod-fiuited, pink-flowertd 
plant was obtained Among the diploid plants pioduced by eiossing 
(F hracteaJta y,ieica rosea) X mrqiniana and X chdoen'< s theie were 12 
with red fruit and pink floweis, 3 with white fiuit and pink floweis, 
7 with rod fruit and white flowers, and 2 with white fiuit and white 
flowers Some, or more probably aU, of these diploids were con- 
sidered to have arisen through induced parthenogenesis, that is, the 
embryo must have developed without fertilization At the beginning 
of development, then, the organism was a Iwploid, but because the 
seedlings all proved to be diploids, the haploid chromosonKs must 
have divided Thus, the seedlings were homozygotes East {25) 
points out that if a moans can bo found for mducing parthogenesis 
fioin wluch homozygous diploids develop, it might cliininato the 
uiKcrtain and costly methods now employed to obtain plants that 
are homozygous 

Bud Selection in thl Strawberry 
Bud selection in the stiawberry has never been a method of obtam- 
ing improved varieties or strains, as m apples, oranges, etc Only a 
few kinds of bud sports have been observed Only the probable 
production of an everbeanng sport in the case of the Pan-Amencan 
and of a noneverbeanng spoit in the case of the June Rockhill have 
had economic value Another kind of sport — vanegated fohage — is 
a senous limitation to the value of such vnnetiis ns the Blakemore, 
Howard 17, and many others • Bud sports of many plants result 
m the appearance in somatic tissue of recessive characters Thus, 
m the strawberry, sclfed seedlings of vaneties that sport to vanegated 
plants show a proportion of yellow seedlings If, as the evidence 
given above mdicates is probable, most charactenstics are quantita- 
tive, then a change m a single gene in one of the eight chromosomes 
IS not likely to make enough of a change in the external appearance 
of the plant to be noted or measured 
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APPENDIX 


Table 1 — Past and pretent UMrkers at experiment uatwns uho have devoted or are 
devoting part or att of their tune to atrawbeny improvement 
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Sources of Superior Quauties in Strawbfrrifs 

Note —Though the followtng variettea and spectea era notable for auper or tual tie< it may be that tl ey 
will not prove to be equally good tranamittera of these qualities 

Plant charaetenstKS 

Hard^ against cold Pragana ennetfoha selections and crosses (Bclt8\ille, Md 
Corvallis, Oreg , Fairbanks, Alaska, and Chevennt, Wvo), t vtrgtntana stlec 
tions (Fareo N Dak), Dakota, Diy Weather, Dunlap RockhiU, Progressivt 
Parsons (Gibson), Beaver, Camden, Culver, Minnehaha 
Besistaiit to frost Howard 17 and Chesapeake in United States, Sir Josejih 
Paxton in England 

Re istant to verticilhum wilt Chilean (F chiioenits) 

Resistant to brown stele (PhytoplUhora) Aberdeen Mastodon, and Redheart 
in Illinois, Leopold and Oberschlesien in Scotland 

Resistant to leaf scorch Southland Fairfax Howard 17, Dorsett U S D A 
1142 (652 X Ettersburg 450), 1672 (Howard 17 X Dorsett), 2124 (Chesapeake 
X Fairfax 

Resistant to leaf spot Southland Fairfax, Howard 17 Rockhill, U S D A 
1142 (652 X Ettersburg 460), U 8 D A 2120 (Chesapeake X Faufax) U S 
D A 2124 (Chesapeake X Fairiax) 

Rpbistant to mildew Marshall and Rockhill in the United States, V H di 
Thurv (Stirbng Castle), McMahon, and Aticrdecn Favonte in England 

^bistant to aphid Lato leopold, Bedford Champion, Aberdeen Standaid 
John Ruskin Marshal Foeh and Sturton Crobs m England 

Resistant to mite Marshall in California, Mme Kooi I a\toi lai and Olx r 
schksicn in England 

Rtbi*>tant to crinkle Redheart, Rockhill, and some F ihlocntis hyl rids in 
Oregon 

Resistant to yellows (xanthosis) Nick Ohmir Billniar and irobablj s uit 
F ehiloenst^ hj I nds in Cahfomia 

Resistant to heat Misbionary Klondike Blakeinon Southland U S D A 
1142 (662 X Ettersburg 4501 

Resistant to drought F cinafdta U S D A 1791 (Ettersburg 904 X Howard 
17) Marshall Cold Dollar, The Duke and Waterloo m England 
Grtcnhoiisc forcing Marshall in the Uiiitid States, Roval Sovereign in Europe 
Dentbch Evern in framis in the Netherlands Noble in low hou'cs in Germany 
Adapted to short days Missionary, Kloudiki Blakenioie in the United States 
Chilean in Ecuador 

Fruit charaelentittc'i 

Early ripening U S D A 2267 (Missionanr X Fairfax), U S D A 1631 
(Howard 17 X Dorsett), Michel, Blakemorc, Dorsett Howard 17 0/ark, Pro 
gressut, Rockhill, Beaver. Early Bud, Minn 1200, Diutsrh Evcni, A\ant 
Tout, Laxton No 1 and The Duke in England, Sir John Ruskin in Scotland 
Latenptning U & D A 2263 (Ettersburg 904 X Fairfax), U 8 D A 2124 
(Chtsapiake X Fairfax) F chtlnensvt and its on sscs (Corvallis, Oreg , and New 
Brunswick, N T ), Ettirsbiirg 121, Wyona, Piarl, and Gandy Omega, Latest 
Utility, Jucuuda, Rearguard, Givons, Waterloo and Leopold in England 
Firm U & D A 2166 (Joe X Redheart), U 8 D A 2120 (Chesapeake X 
Fairfax), Redhuirt Fairfax, Blakemore, Minnehaha U 8 D A 2161 (Joe X 
Redheart) Many Chesapeake X Fairfax and Blakemore X Fan^ax selections 
have firm fnut 

Large U 8 D A 2132 (662 X Fairfax), N C 337 (Bellmar X Fairfax) 
Catskil], Dorsett, Marshall, Mmnehfdui, Mmn 1201 (Mareb^ soiled) latest 
and Laxtonian in Europe 

Yellow seeds Blakemore, Chesapeake, U 8 D A 2061 (662 X Ettersburg 
460 , U 8 D A 1691 (Howard 17 X Dorsett), U 8 D A 2126 (Chesapeake X 
Fairfax) 

Light scarlet color Blakemore in United States, Royal Sovereign, FiUbasket, 
The Duke The Queen, King Oeorm V in En^^nd 
Superior quahties for freezing Fruitland, Joe, Big Late, Klondike m eastern 
Unit^ States, Howard Supreme in Masbachubetts, Corvallis, Redheart (sliced), 
Marshall in Oiegon and Washmgton Also, selections from Blakemore X Etters- 
burg 460, Southland X Blakemore, Blakemore X Marshall, Blakemore X Elon- 



STRAWBERRIES 495 

dike Redheart X Ettoraliurg 121 Blaketnore X iittersburg 121, Ettcreburg 121 
X Clark, Clark X Narcifwa and Howard 17 X Marshall m Oregon 
Superior qualitioa for preserving Blal einorc m United States, V H do Thury 
and Deutsch Evem in Europe Reported giod m some localities Culver and 
Dorsett in United States, Lacoml e m Canada Marsh ill and Missionary are 
e\t< naively used for preserving though they are not equal t > Blakemorc Crosses 
of Blakcmore with other vanetica have pr jvid sum nor for i ri si rung 

Supenor quail! us for eannii g Redheait torvailis LtUrsl iirg 121 in the West 
Portia in the East Ropoitid geod in sumo lot ihties Culvir Kidfour Inge 
Trcbla Probably Noble hearlet Queen and Paxton in parts of northtrn Eiiroiit 
Crosses of Nareissa X Ettersburg 121, Redheart X Ettersbuig 121 and Oregon 14 
(P ttersburg 121 X Marshall) X Nareissa have produced good caniiing selections 
in Oregon 

Excellent flavor Dorsett Fairfax Roekhill Southland Marshall, Corvallis 
U a D A U108 (P chtloenns X Progressm) U S 1> A 112S (Ilewaid 17 X 
Ettersburg 460) U S D A 21b3 (Missionary X Howard 17) British Queen 
Dr Hogg, Scarlet Qu( cn Ciniioisstur Fpicure Rncapplc Ihe Duke, Abtrdccn 
Standard and Royal Sjvercign in Europe 

Lnusual flat 018 U S D A 1021 (Ixalicene X Howard 17) grape flavor, U S 
D A 1026 and 1028 (Howard 17 X Ettersburg 450) apneot flavor, I S D A 
1145 (662 X Ettersburg 460) laspberry flwor, Colifoiir I Ucl raspberry flavi i 
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BLACKBERRIIS, TNCI IJDING DFWRLRRIFS 

Except for the Logan (Loganbt iiy), cultivation of the blackberry 
w chiefly hnuted to North Amciic i and most varieties of blackbemos 
have ongmated in tins country Hcdiick (5/1 * states that the bhek- 
berry came into cultivation littk by little early in the ninetointh 
e®nttiry It became more common as a cultivated fniit about 1850, 
when several selections fiom the wild weie introduced into cultivation 
Among these was the Lawton, which is stiU grown The fanydtr 
variety was introduced about 1860, the Eldorado before 1891, ancl the 
Lucrctia trading blackbeiry or dewberry about 1875 These, as well 
as almost all others tliat have been grown commercially, wore selec- 
tions fiom tlie wild Wilson Junior, laised from seed of Wilson Euily, 
and Minncwaski, giown fiom seed at Marlboro, N Y , have resultccl 
from eftoits to improve this fruit m Eastern States, but neither 
variety is now grown commercially to any extent 
In the West, elloits to improve the blackbeiry have met with much 
greater success Selections of the wdel trailing blackberry weie fust 
grown Among these was the Aughinbaugh In 18S1, J H Logan 
raised the Logan and piobably the M immoth from seed of tho Anghin- 
baugh A second genet ation was raised from some of the seedlingb, 
and from those the Block Logan and other promismg vanetics weie 
selected The T^ogan is still important, but the Mammoth is only 
occasionally giown now The Black Logan may possibly still be 
raised, either as Black Logan or under other names In 1897 Luther 
Burbank introduced tho Phenomenal, very similar to the Ijogan 
This was widely grown for a while, but it has largely disappeared 
About 1926 the Young dewberry (Youngberry) or trading black- 
berry was introduced This is a hybrid between the Phenomenal and 
the eastern Mayes dewberry (Austin Mayes), made by B M Young, 
of Louisiana In 1936 the Boysen (Boysenberry), very simdar to the 
Youn^ was introduced Its ongm is unknown 
In Oregon, Washington, and New Jersey the Evergreen or Black 
Diamond is cultivated It is a very old variety from England that has 


< Many experiment station irorkers ai 
To Uiese the writer u most grateftil xm™ 
I M Cooley (New York) J B C 


I private broe len have contnl nted records and mformation 

jtboMeRpeciiUy(.roeroDs of their time wen Oeorge L Slatean 1 

. gy (_New York) J B Claik (New Jenny) A S C^lby (nimois) E Angel ind A N Wdcox 

(Minneaot^ C f Wilhami (North Caroluia) and Oeoige P Wahlo (Oieton) W J Strong M B 
tlavis N B Qrubb C Q Uabl andP btedjeoonuamteduifonnatlon on work at foreign stations B M 
Young (Louisiana} H Roekblll (Iowa) W E Lammerti (CalUomia) and Oeonge lyne o( Topham 
Devon Bn^and have all oontnbuted information 
< ItaUo numbers in parentbeseaielkr to Literature Cited p <28 
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become widely naturalized west of the Cascade Mountains in Oregon 
and Washington. In California, and to a slight extent in Oregon and 
Washington, the Himalaya {Rubus 'procerus P, J. Muell.) is raised. 
This is considered identical with the Theodor Reiiners variety of 
Germany. It also is widely naturalized west of the Casoaile Mountains 
Besides^ these two, several other European varieties that have been 
named in recent years have been tested, but no others have succceiled 
in the United States. In 1932 the Brainerd, a hybrid between the 
Himalaya and an eastern variety, was introduced. Thus, except for 
the Logan, Phenomenal, Young, Brainerd, and possibly the Boysen, 
the cultivated varieties of blackberries have originated as chance 
seedlings in the wild. 

At present the Eldorado (Stuart) is the leading blackberry of the 
eastern erect type, Lucretia the leading trailing blackberry or dew- 
berry of the eastern group, Logan and Young the leading trailn^ 
varieties of the western type. The Evei^rcen (Black Diamond) is 
the leading variety of the European type. 

American Wild Blackblrrirs and How Vakikties 
Originated From Them 

The wild blackberries of North America fall into five major groups 
(1) The erect or nearly erect types, hke Early Harvest (fig. 1) and 
Eldorado, of the eastern United States from Florida to Canada and 
from the Atlantic const to the Prairie States; (2) the eastern trailing 
blackberries, not red-hairy caned, much like the Lucretia, having 
about the same range as tlie erect ones; (3) the southeastern trailing 
blackborncs having red hairs on the canes, like the Manatee and 
Advance, ranging along the Atlantic and Gulf coasts from Delaware 
to Texas; (4) the trailing blackberries, from which the Logan is 
derived, of the Pacific coast from Canada to southern California; 
and (5) the semitroilmg Evergreen (Black Diamond) and Himalaya 


IN SPITE oj the fact that a good deal has already been accomplished, 
the possibilities of improving the red raspberry by utilizing the 
available adtivated varieties in further breeding work are still 
enormous. Some of the qualities, now found separauly, that may be 
combined in raspberries of the future are the very large fruit size 
of European varieties and newer American productions, immense 
fruit dusters, ffvat productiveness, firmness, vigor, and resistance to 
diseases. But there is also a large reservoir of germ plasm, hardly 
yet touched by raspberry breeders, in the wild species of Asia and 
dsewhere, some of uhich resemble the grape, hawthorn, bamboo, 
maple, and apple in their leaf forms, and vary from low and soft- 
stemmed plants to plants with stems 3 inches thick and 14 /eet 
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of Oregon, Washington, and California, that have been naturalized 
from Europe and which have become serious weeds of roadsides, 
PMtures, and open forosta. There are no native blackberries in the 
Rocky Mountains of the United States. 

OriMally, when North._ America was settled, most of the wild 
blackberries could bo classified into a few relatively distinct species, 
and though blackber- 



ncswerepthered from 
the wdd, they W'cre 
nowhere as abimdant 
ns at present. When 
the forests were cut 
and the land was 
cleared for pasture 
and meadow, the chief 
cover in many north- 
ern sections for sev- 
eral years was the wild 
blackberry. Birds ate 
the berries and drop- 
ped the seeds in tlie 
brush These clear- 
ings of forest and 
pasture ga\c the op- 
portunity for seedlings 
of different wild spe- 
cies to grow side by 
side, as they had not 
when dense virgin foi- 
est covered the land. 

Normally, the wild 
blackberries of the 
East are entirely or 
nearly self-sterile, and 
those of the Pacific 
coast have male and 
female organs on sep- 
arate plants. All need 
cross-polhnation In 


the clearings and pns- 

Figurel . — Early Harrest, derived Cram the eastern erect turcs bees and other 
blackberry. insects have crossed 

the blackberry specicL 


for the last 100 to 300 years, and hybrid seedlings have grown up, 
so that immense numbers of hybrids may now be found. These 
hybrids vary from sterile to productive plants, and many are extremely 
vigorous. Backcrosses between a hybrid and one parent and crosses 
between hybrids are also appearing. Thus man, by clearing the 
forest, has started an immense br^ding project. For the last 75 
or 80 years man has been cashing in on this project by selecting the 
best of these wild hybrids and trying them under cultivation. Always 
he has overlooked the fact that the wold species were cross-fertilized. 
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Two or more selections were not planted together, so that many of 
the selections, when propagated by themselves under cultivation, 
were not productive. Furthermore, most of the wild blackberries 
are woodland plants, fruiting beat in the leafmold at tlio edge of the 
forest and along streams. No wonder many of the selections were 
unproductive under cultivation. Through scores of years, however, 
selections of species and of hybrids have been found that have been 
productive when grown by themselves in open fields In the South 
no productive selection that will sot fruit by itself has yet been made 
of the trailing species with red-hairy canes. When the Rogers or 
Advance is grown, two or more selections are actually interplanted 
and cross-pollination is thus made possible, but many growers are 
unaware of tliis fact. 

There is no final OCTeement as to just how many botanical species 
should be recognized, because the species have hybiidized freely 
Brainerd and Peiteit.en (6) list eight erect or semierect and four 
trailing species for New England. Canes of these species are shown 
m figure 2. Their survey of the wild forms was extensive and thorough 
and was supplemented by expenments on the effect of environment 
on botanical chariictei's and by studies in hybridization It seems beat 
to follow their classification and viewpoint. Tlie qualities of possible 
value to breeders aic biiefiy described for several species as follows. 


nio “hiRh-bush” or “black-long benv”, ttiibtii, allighetneii',1'. Porter — Canes 
strong, erect gtomng, with stout piitklcs, leaves mostly very large and strongly 
heart-shaped, clusters largest of Amencan blackliciiies, 11- to 18-flowcrcd, 
fruit largo, long, sweet, and one of tlic best Cummou in fields and pastures 
from New England to Wisconsin, but ranging from Minnesota to Nova Scotia 
and m the inount.iins to North Caiolina and Tennessee This is one of the purest 
and most distinct of northeastern erect blackberries Snydcr(^thoiigh probably 
a hybrid, is close to the wild 1 >ik*, while Ancient Union, Eldorado, Taylor, 
Agawam, Jumbo, Lawton, Ktonc, and ttachusett are probably hybricls of this 
spot ICS with others Albino foims are fairly common m tho wild 

The "tall” blackberry , Riibu$ wgutui Link — Canos very erei t, deeply furiowed, 
prickly; clusters 8- to 12-tlowcrcd, fruit often with bitter aftertaste This, or 
closely related forms, is the most coiiiiiion blackbeiry of the roatlsiile and fields 
of the eastern United ftt.itos Early Harvest is olooc to tho wild typo of this 
species, while Erie is probably a liybiid 

The “short ” or “squaie-fruited’’ blackberry, Ritbut perqratut Blanch — Canes 
tall and arching, prickly ; loaves largo and broad; clusters 8- to 12-flowcrcd; fruit 
short, cyliiidric A hardy blackberiy of the higher elevations m New England, 
New York, and Pennsv Ivaiiia, with largo but short fruit of excellent flavor. 
It docs not seem to be represented m cultivated vaneties 

The “leafy-flowered” blacklicrry, Rvbtts frondosus Bigel —Canes arched and 
recurving, prickly ; leaves broad; clusters 8- to I2-flowered , fruit not so large as that 
of the above species. This Is the common blackberry of the fields of New England, 
and next to li. argulus the most common of tho blackliemcs of tho eust<*rn United 
States It seems to thrive better than most species in the open fields It has 
probably hybridized most extensively with « ory id ’« Varieties nearest to 
the wilcl types are Joy, La Grange, Ward, and Watt, while most of tho varieties 
listed above as hybnds of R. aUegh«n%ensi8 are probably hybiids with this 

“thornless mountam” blackberry, Buius Mnodenws L.— Canes erect to 
arching, without prickles; leaves without hairs; leaflets long with long stalks, 
especiSly the terminal one; clusters loose; fruit long, tert. This thornl^ 
nrlckleleM blackberry is native to the higher mountains from Georgia northward 
to Newfoundland and Quebec, but is found at the lower elev ations from northern 
Maine west to WisconMn It is a forest plant and does not succeed well at the 
elevations! open fields Its fruit £ excellent imd the pUnt is very hardy 
ii^hw^. No variety derived from this is now under cultivation. 



Figure 2 Canre and pr ckles of 12 eastern species uf tl c blackberry group (Ljibatu 
sect on of genus Rubus) a RiJms aUegf e leiui b R arffiou, c Jt pergratus d R 
fnndosiu e R reamam / R canadensu g R tiegantuluM h R vermoUanua i R 
getotM j R fmpidu* k R procumberu I R baileyanua (After Brainerd ) 
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The ‘ Vermont blackberry Ritbua vertnonlan it Blanch —A rather rare black- 
berry with recurving canes that has small but very numerous fruits It is found 
at the higher elevations from New York t j Nova Scotia and is quite hard\ 

The “sand ’ blackberry Rubua euneifohui Pursh is native along the coast from 
Connecticut to Texas and is not fully hardy in the North Ic has very erect and 
quite thorny canes and the fruit npens much later than that of other American 
blackberries In fact this i^cies with its often pink flowers grayish foliage 
and late fruit is the closest of any to the European group of blackberries h iirexa 
belongs to this species and Nanticoke u> close to it 

The dewberry or trailing blacklicrry Rubut hatUyanua Britt — Canes trailing, 
pnokly, clusters one- to three flowered seeds large This is one of the probable 
parents of the cultivated dewberries Maves and I iicretia which are probably 
hybrids of B tatlciyonus with B arqutua It is one of about three w idely distrib 
uted trailing species m the eastern United States 

The “southern red enned dewberry Rubua tnvtaha Mich\ — Canes trailing, 
pnckly usually with dense red bristles often evergreen flowers large usually 
solitary, fruit largo long \ery early Ihis species like the sand blaekberrv is 
native along the coast from Maryland to Texas but extends up the Mississippi 
Valley to Arl ansas and soiithcrii Missouri It has largi long fruit that ripens 
earliest of all Ihe Advance Rogers and Man itee all belong to this siiecies 
The Advance and Rogers have extremely firm fruit in seiirnl fruited clusters 
and are apiiarciitly immune to loiible blossom or rosette disease ’ 1 he liniital ions 
of the species are usually 1 flowered cl istcis entire self stenlitv ('’-}) lack of 
hardiness except in the Siulli an I prevalence of the double blossom or rcsittc 
disease in the South 

The trailing blackberries or dewliemes of the Pacific coast Rubua uraxnua Cham 
andSchlecht B maeropelalua D tugl and R I igirubaeeua Uaiky — C incs trailing 
piiekly nearly cxergree 11 clusters usually 6 to 10 flowere 1 with sexes on separate 
plants fruit to ly me he sin length deep wine colored to black All three species 
aio very subject ti leaf sixit and anthracnose which limit their culture in the 
I aste rn States B macropelal /s occurs mostly m Oregon W ashington and British 
Columbia and B uratnua and B lagan >baeeua in California All have higlilj 
flavois^ tart berries the L >gan being derive 1 from B loaanobaceua which occurs 
from aliout Watsonville ii nth to the California Oregon State line riu Young 
Boyseii and Cameron dense their fii e flavor from this latter species Cazadcro 
ai <1 other varieties have been denied from B m ter >peialua 


The probable denvations of cultivated viirieties are 

Rubua alleghentenaia X argulua Ancient Briton I 1 lorido Taylor 
B al^hentenata y. fnndoaui, Agawam f rskine Park Jumbo Lawton Siivder 
Stone, Wachusett 

B argutus X frondoaua Blowers Lric Meibcreui 
B baileyanua X enalenxx Tratt Premo 
B baxleyanua X atgUua Maves lucrctia 

B argiUua Early Harvest , ^ ^ , 

B / ondosua or (fl frondoaua X argulua) X R front s ta Toy I a Grange Ward 
Watt 

B cune^olxua Eureka Nanticoke (poswblv B cuneif lx ta X argulua) 

R trxvxalxa Manatee Rogers Advance 
B loganobaecua Logan 

B loganobaecua X (R baxleyanua X argutus) Young Bovsen 

Great Names in Blackbi-rry History 
The important names m blackberiy histoiy mclude W O Focko, 
H Sudre, E Biainerd and A K Peiteisin.L H Bailey B Lidforss, 
J H Logan, and B M Young , . , , , , 

Focke was a Gciin in hot mist with a bioad viewpoint who made the 
study of the systematic botany of the blackbeiiy-raspbciry group a 
large part of his life work He { 25 ) divided the genus into subgcnera 
and species m an understandable way He described 132 species of 

K es ol Cercotporclta lungn wt iih Inricta Ibe budi 
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blackberries He gave a discussion of the origin of European black- 
berries to which reference is made in the appendix 

Sudre (54), a French botanist, confined himself to the European 
blackberries. He tried to detorraino the original species of Europe 
by a study of their distribution and relationships and of the percentage 
of good pollen in their flowers. He described 110 species for all Europe. 

Brainerd and Poitcrson (6, 44) worked chiefly in Vermont and else- 
where in New England. In their two bulletins on the blackberries of 
New Ei^land they give an understandable grouping of the wild black- 
berries of the eastern United States. The two men made extensive 
field surveys, grew the wild forms side by side under cultivation, and 
made many crosses and many 
experiments on the effect of ch- 
matic conditions on the different 
forms. They describe 12 species 
for New England and refer many 
of the cultivated varieties to the 
species or their hybrids Exper- 
iments in shading parts of plants 
showed that leaves of plants m 
heavy shade had less than one- 
seventieth the number of hairs 
and far fewer prickles than leaves 
in the sim. Canes in the shade 
were trailing, but those in the 
open were erect. The work 
showed (1) that the species of 
eastern North America and most 
hybrids were self-sterile or nearly 
self-sterile; (2) that hybrids hail 
a large percentage of abortwl 
pollen; and (3) that the hybrids 
showed segregation. 

Bailey (3, 4, 5) has 
much information regai 
history of both the cultiv 
the wild blackberries and has 
made extensive field coUoctions 
of both He has issued a series 
of monographs on his intoriiretation of the w'lld species and has 
described many now forms 

lidforss’s studies (34) on inheritance in European blackberries, 
which were published in 1914 after his death, furnish an account of 
the development of the wild European blackberries He obtained 
true and false hybrids in crosses and m selfing. The true hybrids 
always split in the second generation, while the false hybrids reproduce 
the mother exactly. In the false hybrids (1) no seed development 
occurs without pollination; but (2) when the flowers are pollmated 
false seed develops; (3) this false seed apparently does not develop 
from the ovule but from a cell in the wall of the ovary; and (4) the 
plants grown from such false seed are just as like the mother plant as if 
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propagated from a rooted tip or a root cutting. Gustafsson (28) also 
studicm the development of false hybrids. Some European forms 
produce these false seedlings only; others may produce some tnie and 
some falsOj while others produce all true sordlmm Thus in Oregon 
and Washmgton the Evergreen and Himalaya blackberries usually 
reproduce each other exactly from these false seeds, and hundreds of 
thousands of wild plants occur that are just as alike as if they had been 
propagated by root cuttings or by tip plants (^0). Only rarely are 
true seedlii^ of these two varieties foimd 

B. M. Young, of Morgan City, Ija. (fig. 3), produced a hybrid 
between the Phenomenal (very similar to Ijognn) and the Moves 



Ftffire 4 . — ^Tlie Young dewberry or Irai 
flavored, largest, and mobl producli» 


iliiig bldckberry (Younpberry), one of the fines t- 
ve varieties; a cross of Phenomenal X Mayes. 


dewberry or trailmg blackbornr about 1905. It was not mtr^uced 
untQ about 1926, but it has quickly become an unportant wrt (Young 
dewberry, or Youngberry, fig. 4), replacing the to a lame extent 

in CaUfoiiia and to some extent mOregon and Washmgton. In repons 
to which it is adapted it is the finest m flavor of all the blackberry 
group. Though Young has done extensive berry work smee then, 
ne has introduced no other variety. 
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pistillate-flowered, so that the flowers must have been pollinated 
either by wild m^e blackberries nearby, by an eastern erect black- 
berry in nis garden, or by a red raspberry. Among about 100 seedlings 
there was tne one later named lx){^n (fig. 5) with large, deep^rcd 
fruits. Judge Logan assumed that it was a cross of the black-fruited 
Aughinbaugn with the red raspberry. In recent years severd facts 
have thrown doubt on this* (1) Blackberry-raspbc^ hybrids are 
mostly sterile, and if they do fruit thev neither piclc off like the 
blackberry nor pull off like the raspberry, but mash in the hand, ^hile 
the Ijognn picks off like a blackberry. (2) Seedlings of the Logan 





Figfire 5 , — The Logan bUckbetry (Loeanberry), denved from the 
western trailing blackberry. 

are all red-fruited and pick off like a blackberry. They ya^ in size, 
sweetness, season of ripening, vigor, etc., but show no distinct rasp- 
berrylike characters. (3) Cytologically the Logan seems like a pure 
species (3£). Chromosome pairing is regular and reduction division 
is quite normal as for a pure species, not abnormal as in hybrids. It 
has 42 c^omosomes, while the raspberry has 14. Plants of the species 
nearest like^the Logan have 42 as the most common number. (4) 
Many hybrids of the Logan with selections of the wild blackberry 
are fertile, while most crosses of the Logan with the raspberry are not. 

On the other hand, blackberry-raspberry; hybrids resemble the Logan 
in habit of nowth and to some extent in type of fruit. The red- 
fruited wild blackberries of the Pacific coast so far observed are much 
lighter red than the Logan. Perfect-flowered self-fertile selections 
m the wild observed so far differ considerably from the Logan. 
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Further study of the wild blackberries of the West, os grown under 
cultivation, and hybnds with the red raspberry and blackberry should 
do much to unravel the ongin of the Ijogan The evidence at hand 
indicates that the Logan is most probably a red-fruitod sport of the 
wild blackberry 


Evolution of thl, Biackblkkies of Fukope 
There are two great centers of wild blackbeines, eastern North 
America and Europe According to Focke (26), the European and 
Amencan species were separated in comparatively recent time, 
geologically speaking, piobaoly by the southern movement of glaciers 
in the ice age He Yiolds that there are some 15 general types with a 
few moio species to which all European blockberiies can be refirred 
Sudre (64) came to a similar conclusion Gustafsson (£8, 29), of 
Sweden, concluded tint when the ice ago brought two widely diflcrent 
species groups together so that they hybndi/sed, many of the pseudo- 

S unic blackberries of I mope that come true to seed originated 
ecause they came t\nctly true to seed they could repioduce them- 
selves down through hundreds and thousands of years and eventually 
became widely distributed At the present tune in Europe there are 
thousands of forms of blackbeines Some few are good species 
more are ancient hybnds that are more or less widely distnbuted 
and many others are pseudogimic foims resulting from hybnili-sing, 
of which Oregon Evergreen and Himalaya are representative m this 
country The Brainerd (28), which ongin xted as a cross of Himalaya 
and an Amencnn vanety, reproiluces to some extent by psoudogamy, 
though no purely Amcncim vanety is known to reproduce in this way 
Crane refers to Ruhus thyrsiger Banning and hocke, R mtidioidei> 
Watson, R barren Bell Salt , R lacinmtui Willd (Evergreen), R 
rvshcanvi E Merc and its variety tncrmis Willd , R schlechten- 
dahln Wiehe, R cahatut Blox (Edward Langley), and R procerut 
(Himalaya) ns being European blockbemes of possible value for 
breeding, R thyrvqer and R nittelunde’i have very largo clusters of 
good-si/ed fruit of excellent flavor R barren is early for a European 
blackberry R rusticanu', is lato and small-fruiteil, but hy- 
brids are cultivited vaneties R tnermia is a thornless form of R 


ru3ticanu<i 


1 HORNLESS Sports of Blackberries 


Productive thornless spoits of the Evergreen, Logan, Mammoth, and 
Young have bcin found, propagaUd, and introduced Bud sports in 
general are considered to be due to the appearance of recessive char- 
acters, and this is probably the t ase with these blackberries However, 
these productive thornless sports arc all chimeras, having a thm layer 
of thornless tissue overlying thorny Whenever they are propagated 
by root cuttmgs, or when the canes freeze back so that shoots come up 
from below the crown, they are always thorny Seedlmgs of the thorn- 
less Evergreen raised by the writer, and seedlings of other thornless 
sports raised by H M Butterfield, of the Umversity of California, 
have all been thorny , i 

Most thornless sports have been unproductive, and thomlossness 
may be linked with sterility (19) For a thomleM sport to be pro- 
ductive the thornless tissue around the outside of the cane apparently 
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should be thick enough to pi event the production of thorns, but not 
thick enough to form the tissue that produces flowers and bemes If 
the thornless layer is relatively thick so that flowers are produced from 
it, then the flowers seem to be entirely or nearly sterile 

Bkeedino Work ai Lxperiment Stations 


Compared with other bemes, little systematic breeding work has 
been done with the blackbemes The aims of experiments now under 
way probably represent some of the most woith-while objectives 

At the Bhode J&land Agiicidtuial Bxpenment Station the oiigina- 
tion of hardy thornless forms is being studied The first crosses were 
made in 1 929 Thornless sorts sue h as Rubua canaden •ns, Austin Thoi n- 
less, Coiy, and Thornless Youim have been crossed with Snyder, 
Eldorado, Alfred, Lucretia, and Gaidcna 

At the New York (State) station the first crosses were made in 
1912, and some have been made from time to time ever since, notably 
a considerable number in 1927 Eldoiado has been crossed with 
Agawam, Bathbun, Joy, Best of All, Brewci, Buckeye, and Erskiiit 
Park, Erskine Park with Bathbun and Buckeye, Bathbun witli 
Agawam and Snyder Agawam has been selfecl and crossed with 
Snyder, Buckeye with Joy, Mereeieau with Snydei Strawberry 
Flavored has been selfccl The Eldoindo X Brewer cross is considered 
a good one 

At the North Carolina station dewbeiiy breeding began in 1926 
Young and Lucretia were ciosstd, and tlie fust-generation selections 
have been backcrossed in an attempt to obtain pioductnc, disease- 
lesistant, high-flavoicd, thornless sorts The Cameron vanety has 
been selected, piopagatecl, and named foi its vigor, high flavor, firm- 
ness, thoinlessness, and resistance to anthracnoso, to septonalcaf spot, 
and to nematodes, and D 3 and D 4 for the sire of their olustei In a 
cross of Young X Austin Thornless there were 334 thornless and 411 
thorny in the first-generation piogeny 

At the Texas station breedmg woik began in 1909 Ness (47) 
crossed a selection of the southern dewberry, Rubv’i tnmalis, with the 
Biilliant red raspbeiiy in 1912 The first and second generations weie 
quite steiile except for five of the second-generation (open-pollinated) 
plants Those gave nse to a third generation, fiom which selections 
w ere made that were introduced as N essberry m 1 92 1 The N essbei ry 
was then backcrossed with the dewberry, two raspberiies, and a 
blackberry The resulting progenies have been selfed for two to four 
generations * The Nessbeny is drought-resistant and has high flavor, 
but the fruit does not separate from the stem like either a blackberry 
or a raspberry The obtaimng of fertile seedlings in the third and 
fourth generations inchcates that it may be possible through back- 
crossmg to obtam seedlings the fruit of winch will separate either like 
a raspberry or like a blackberry Other breeding begun by Yamell in 
1934 (67) mvolves crosses anef selfing of Young, Early Harvest, Hall 
Lawton, Oandall Early, Early Wonder, Lucretia, Dallas, Haupt, and 
Mayes 
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Breedikc Work of the United States Department 
OF Agriculture 

The first crosses in the blackberry-breeding work of the United 
States Department of Agriculture were made m gardens m Atlanta, 
Ga , in 1919, and the seedlmgs were raised at Glenn Dale, Md Only 
two seedlings grew to maturity, one of which was named the Brainerd 
(fig 6) It is a cross of Himal^a with an erect garden vanety, 

probably the Georgia Mammoth The Brainerd is grown conimer- 



Fiffire 6.— The Urainerd blackberrj, a croea of Himalaya on an erect-growing ^lern 
variety. Note the large cluaten of this variety. It U being grown in weatem Oregon 
for abipping and canning 
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cially at Gresham, Oreg , for caniung and shipping, replacing Hima- 
laya for that purpose It was hardy m Maryland until the winters 
of 1934-35 and 1935-36, when it was injured by temperatures of — 17° 
and —23° F Later crosses made at Beltsville, Md , and Willard, 
N C , were between cultivated varieties such as Joy, Eldoiado, 
Jumbo, Merseieau, and Blowers, while Eldorado and Joy were soiled 
Recent crosses have been between Himalaya and Evergreen, Joy. 
Snyder, Early Wonder, Austin Thornless, Taylor, Lawton, and 
Eureka The objective is to combine the size of fruit and hardmess 
of eastern vaiieties with the productiveness and vigor of the Himalaya 
In these crosses a large propoition of the first-generation hybnd 

S lants are true Himalaya, due to the development of “false” seed- 
ngs in this variety of the European type In the crosses of Hima- 
laya with American vanoties 64 percent were maternal, that is, just 
hke Himalaya, and 36 percent wore true hybrids In the cross 
Himalaya X Thornless Austin, about half of the true seodlmgs 
are thornless 

The breeding work at Corvallis, Oreg , is chiefly directed toward 
combining the high flavor of the native trading blackberry with the 
size, firmness productiveness, and hardmess of commercial vaneties 
Selections of different types of the wild blackberry, as well as the 
Logan, Young, Ideal Wdd, and Zelinski. have been used in crossing 
wntn one another and with Lucretia, Austin Tliornless, Eldorado 
Oregon, Evergreen, Himalaya, and Mammoth Crosses of the 
Logan with Mammoth, Lucretia, and Young were mostly stenie (22), 
even though they have the same chromosome number Many selec- 
tions have been made from the wild and Logan crosses, some having 
the high flavor of the wild which is considered the highest quahty in 
all the dew berry-blackberry group One Himalaya X Logan hybrid 
IS fully fertile and fairly vigorous, the second generation showing 
segregation into an immense number of forms Out of a population 
of 817 hybnds of Logan X Young, 2 vciy firm-fnuted selections have 
been made both having the deep wine-colored fruit of the Young 

Blackberry-Raspberry HxBRms in England 
Besides the Nessberry discussed above, several hybnds between 
blackberry and raspberry have been raised m Endand Among 
these are Loxtonberry (Logan X Superlative), Mahdi ^elle de Fonte- 
nay X common English blackberry), Veitchbeiry (November Abun- 
dance X common Enghsh blackberry), and Kings Acre The Mohdi 
and Kings Acre have 21, Veitchberry has 28, and Laxtonberry 49 
cliromosomes m vegetative cells The Veitchberry is the most fertile 
and productive None of these hybnds, however, has proved of 
commercial value, though they are of good quahty Just as with 
the Nessberry, they do not separate readily from the stem like either 
a raspberry or a blackbeny Possibly they will need to be back- 
crossra with a raspberry or with a blackberry before seedlmgs can be 
obtained that produce iruit that can be picked readily Giuber (27) 
m Germany is domg some work m crossmg blackbemes and rasp- 
bemes to transfer the disease resistance of the blackberry to a 
raspberry 
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Some Problems vnd Objectiyes ot Blackberry Breeders 

Among the most unpoitant objectives for bleeders aie linrdier 
northern varieties, thornlessness, small seed, high flavor firmness 
and resistance to double blossom and orange lust Soimes of each 
of these desirable characters are known and aio listed in the appendix 
Thus, both Rvbus canadeims the thoiiiless blackheiry, and R per- 
i/rafi/s aie native in northern regions wheie most cultivated vaneties 
are not hardy Austin Thornless, Buibink Thornless Cameron, and 
R canaden',is are available for breeding thornless vaiioties With thiir 
supenor flavor, R perqratu', and R aUeqheniensis for eastern and 
R macro petal us, R uisinus Ixigin Young, and Boysen for wiskin 
blackberries furnish material for gu at iiimioveinen t in dessei t quality 
Lxcepting It cuneijoha, the most erect bliokbeiiics have the smalhst 
seeds though a laige-fiuited and lai^^e- but few-sceded trailing variety 
hke the Young may not be objectionably seedy 

It may bo possible to utilize some of the immensc-fruited blnek- 
beines of northern South America m britding (45) They belong to 
a veiy difTeient group fiom Noith Ameiiian blackbtriies, but it 
IS possible that hybnds w ith this gioup might be largt -fruited seedlings 
that vould leproduce exactly from seed as do certain Euiopean 
varieties itsulfing fiom wide ciossis 

RASPBLRKTI S 

lllSIORY lUF RasPBIRRY 

According to llediick (SI), the first led laspbeincs were introdined 
into cultivation m Luiope about 400 yeais ago Thiee hundred 
years ago tlicio weie at least two vaneties lultivatcd in England, but 
vniety names weie not applied until after ISOO The Europcin 
vaneties weie introdund into the Umted States even lx lot o 1800 and 
at first weie laiscd even inoie extensively than wtie selections of 
native Ameiuaii laspbeiiy Piobiibly one oi moie selections of the 
AmeiK an icd raspberry weie in cultivation by 1800 The farst named 
black lospbeiiits weie piobably the Doolittle, intioduied by H II 
Doolittle, Oaks Coi nets N Y, about 1S50, ami the Ohio Evcibeaiing 
found by Nicholas Longwoith, Cincmnati, Ohio, in 1852 

A Di Biinkle, of Philadelphia, Pa , was the fust successful rasp- 
beny bieedei of this countiy He oiigmated many vaneties of 
1 asp Domes, among which was the high fla voted Oiange (Bnnkhs 
Orange) This he raised fiom seed m 1845 Although there was a 
considerable aireage of raspbenies aioiind some of the laiger titles, 
it was neaily 1870 before the laspberry bet ame a ciop of any gieit 
inipoitoncc The Cuthbcit vanety was found ns a clionco seedling 
m 1865 m what is now a pait of New Yoik City, it was probably a 
cross of Hudson Rivei Antwerp, a Euiopean vanity, with a wild 
native red Evei smee the mtrodiu tion of the Cutfibeit, wluch is 
still the thief vanety of the Noithwest, the laspbtny has been an 
important small fruit Cuthbcit and Ranere (St Regis) aie the only 
important vaneties of red raspbeiry now giown that ongmated as 
chance seedlings 

Other leading red raspbemes are Latham, Chief, Ohta, Marlboio, 
and Kmg, all of which resulted from definite attempts to improve the 
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raspberry The Marlboro was onginated by A J Cay wood, Marl- 
boro, N Y , before 1880, and at one tune wna the leadmg variety 
TTie Latham ongmated at the Minnesota Fruit Breeding Farm as a 
cross between King and I^oudon, and was mtroduced in 1912 Since 
then it has hoc omo the leading variety east of the Rocky Mountains 
The Ohta, Cluef, June, and Newburgh are other varieties from experi- 
ment stations that have succeeded 

The leading black laspbemes, Cumberland m the East and Monger 
in the Northwest, both resultecl from growmg seedlmgs, the Monger 
conung from seocl of the Shaffer Purple Quillen, an anthracnose- 
resistant vancty grown in tho Midwest, resulted from a cross between 
Cumberland and Hopkins The other black raspberries grown to anv 
extent commercially originated as chance seedlings Recent^, how- 
ever, the Now York (State) Agricultural Experiment Station, at Geneva, 
has introdiic ed four black raspbeiru s that seem to be sue c coding 

The most important of the purple vaiietios, Columbian, was grown 
from seed of Cuthbert Recently the Potomac and Sodus purple 
varieties have been introduced Both are succeeding and aie aclapted 
to a wider lange of conditions than Columbian Tho Potomac is one 
of the hardiest of all laspbemes 

Ami RICAN AND European Kaspbi-rhies 

The c ommercnl cultivated raspberries of the world have come from 
the wild red raspbeirv of Eurone (Bubwi tdaev^ L ) and the red {R 
stngoaua Michx ) and block (« oecndentalu L ) wild raspberries of 
North Ameiica {16) 

Ruhua vdaeui is native in much of Europe, but closely allied forms 
occui acioss northern Asia to Japan It is much like the North 
Amencan red raspberry, but in general is not so hardy and usually 
has stout pm pie pnekfes, larger leaves, and duller and more conical 
bemes The latest sire in cultivated berries has come from the 
Lloyd George and Pynes Royal vaneties, which are derived fiom this 
spot les 

Tho Amencan red raspberry, Rvlma atrigoms, is native m the 
mountains from Georgia to Pennsylvania and m both lowlands and 
mountains from Marne to the Dakotas, far north m Canada, and west 
to Bntish Columbia Allied forms occur in the Rocky Mountains 
It has much greater harchness than the European species, tho canes 
are more slender and often more erect, the pnckles are not so stout 
and sometimes are absent The bemes are seldom thimble-shaped 
and are usually bnght red The species is extremely vanable in the 
wild 

The Amencan black raspberry, Ruhua occidentalia, has much the 
same range m the Umted States as R alngoaut, but ranges os far south 
as Oklahoma, Atlanta, Ga , and the lowlands of Virgima It is not so 
hardy as the wild red raspberry, and although found from North 
Dakota and Quebec to Maine and New Brunswick, is far less common 
than the red raspberry toward its northern hmit A closely alhed 
species, R leucoderrms Dougl , occurs from Bntish Columbia to 
Califorma 

The black raspberry has a sweeter but a more seedv fnut than the 
red Cunously, though, yellow- or amber-fnuted black raspbemes 
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are common, and yellow and ambei colors aie common m the red 
raspberries of Euiope, these colors are raicly fonnd in Amencan wild 
red raspberries Natural hybrids between the black and the red, 
called purple raspbeiiies, occur quite commonly in some sections 
The purple raspbemes are moie vigorous and if fcitilc are more pro- 
ductive than either the ud or black The fruit is often larger and 
usually has more pulp or flesh in piopoition to the seed 
Related berries that are often called raspberries aie the two flower- 
ing raspbemes of the woods, Rubua odoratus L and B pariifloius 
Nutt , with lai^e, showy, purphsh-icd and white flowers ancl soft, 
tlun-fleshedbome8,theaalnionberry, fi tpettabihs Puish, a ptunnnl- 
caned tender speiies of the Pacihc coast with large beiiies not in 
(lusters, and the baked-apple berry, R chaemaemorus \j, of the bogs 
of northern Canada, Alaska northern Fuiope, and Asii 

hUTURfc Raspbfrries 

Three other i ispbenics are mown slightly in some pai ts of the woild 
— the AndcsblKkiaspbeny (Rubus qlaueus Benth ) m noithern bouth 
Amenta, R nmus Ihunb (R lasiocarpus Sm ) m noithtin Indix 
and Burma, and the wimbeiiy (K phoenieda^nut, Maxim ), intio- 
duced from Japan, in the northeasttin United States Besides these 
b kinds, the Van Meet, groxvn to some extent in the Southtrn States, 
IS a cross of Cuthbeit and R kuntzeanus Hemsl , a Chinese raspbeny 
{ 17 ) 

The possibihties of impioving the raspbeny by utihzing ^ust these 
seven species are enoimous Ihe veiy laige sire of the vaiieties now 
in cultivation in Europe, such as Lloyd Geoige, Pynes Royal, and the 
new Impenal, as well as of Many and inxny icccnt selections at the 
Geneva, Coivalhs, and Puyallup stations, would haidly have been 
thought possible 10 ye us ago Some of the cpinlities to he conibmcd 
in raspbemes of the futuie aie the himness of the Newburgh, U S 
D A No 9 (Latham X Raneit). and Potomac , the vigoi of Van Meet, 
the pioductiveness of plants of Dixie and Van Fleet the immense 
fnut clusters of Rvbu<! kuntzeanm (fig 7), the resistance to cold of 
Ohta, Sunbeam, Latham, Chief, Potomac, and Sinh and some other 
Canadian vaneties, the resistance of Van licet and Quillen seedlings 
to anthracnose, of Lloyd Geoigo and Newburgh to mosaic-carrymg 
aplus, and of Cuthbert to verticilhum wdt 
The cultivated raspbemes, however, are but a small part of the 
raspbemes of the world Focke {25), in his latest book on the sub- 
lect of raspbemes, published some 20 years ago, described 195 wild 
kinds of eastern and southern Asia alone These range from whole 
groups with vines and leaves much hke those of the grape to others 
with leaves hke the hawthorn, bamboo, viburnum, maple, and apple 
^me have soft, others woody stems Some aie low plants, while 
eUtpixcua Sm , the Golden Evcigreen raspberry, may have canes 
3 mches in diameter and giow 14 feet high (fig 8) Eastern Asia is 
the center of the wild raspbemes of the world 
Some of the species of Asia and elsewhere are already being crossed 
The Hawaiian station and the Armstrong nurseries are working with 
several forms of the Akala raspber^ of Hawaii Crosses have been 
made between both RvJma biflorus Buch , a Chmese species, and the 
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Fifftre7 — Rubus kimtteanus a very large clustered vigoroiu species of raspberry from 
Ai^ with red, wine, and black fruit The Van Fleet resulted from a cross between 
this species and Cuthbert 
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sahnonberry, R. spectabilis, and red-raspberry varieties at the Cor- 
vallis station. At the Willard and Beltsville stations and at the 
Tennessee station R. kuntzeanua of Asia and the Van Fleet are being 
used. At the United States Horticultural Field Station, Cheyenne, 
Wyo., R. dtheiosus Torr of the Rocky Mo untains is being crossed 
with red raspberries. At the Beltsville and Willard stations there 
are about 2,000 crosses of R. parvijolius L (fig. 9), an Asiatic trailing 
raspberry, with red, black, and purple varieties. R. niveus has been 
used by B M. Young, of Morgan City, La , and at the Beltsville 



/ 


Figure 8 . — A single plant of the Golden Evergreen raspberry, Hubus eUipdciu, 14 
feet high and 26 feet across. Some of the canes were 3 inches in diameter. (W atson- 
viile, Cahf.) 

station. William E. Whitehouse, of the Department, has succeeded 
recently m mtroducing several other species, and they are now avail- 
able to breeders. The woolly raspberry, R. lasioatylus Focke (fig. 10), 
is a very large-fruited species from Asia. All the raspberry species 
so far studied have seven cliromosomos m the reproductive cells, as 
have most cultivated varieties. Raspberry species so far tried in 
breeding have crossed readily, though many of the seedlings have not 
been fertile Some of these species tliat have superior germ plasm of 
value are: For size of fruit, Akala and R. bifioma ; for Adgor of plant. 
Golden Evergreen (R. eUipticua) and R. biflopia, for resistance to 
disease, R. biflorua, R. eUipticua, R. coreanus Miq. (fig. 11), the Andes 
berry {R. glavcua), R. kuntzeanuSj R innominalua Moore. Most of 
the breeding work with raspberries lies ahead. 

Raspberries and Blackberries of Unusual Colors 
In the raspberry there are yellow- or golden- and apricot- or amber- 
colored berries as well as black, red, purple, and various shades of 
color from red to purple and purple to black. The yellow and apricot 
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colors are found in seedlings of the European red end in varieties 
derived in part from the European, such as Cuthbert and Herbert 
but never, so far as known, from the American red In black rasp 
berries, the yellow form is common in the wild, especially m Maryland 



Figure 9 — Rubiu /Hinijalius the trailing raapberry of Japan and eastern China \«bich 
M very duease resistant in the United Stales Selections of this species are promising 
in southern States and hybrids with red black and purple varieties are being frmied 

The iiitioduced species of raspberries fiom Asia have a great vanety 
of colors, ranging through red, orange, yellow, lavender, purple, and 
wine color to black 

In the blackberry, the white or pale vellow is rather commonly 
found m the wdd m many and possibly all species in North Ameiica 
as well as m many species m Europe Fink selections ha>e been seen 
in Alabama and in Oregon, while lavender-colored ones have been 
reported in North Carolina In the West the wild blackberry often 
IS not quite black but a very deep wme color 

Kaspberry Breeding at State Stations 

At the New York (State) Agncultural Experiment Station (60, 61, 
66) at Geneva, the first crosses were made m 1892, and the work has 
been oontmued to the present Over 250 different crosses have been 
made and over 15,000 seedlings raised Of these crosses 130 were of 
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red raspbernes, 27 woto of bli^k rospberriea, and 93 were with or for 
pi^le raspberries For the breeding work the station maintains a 
collection of sonio 38 species of raspberries and blackberries, 33 varieties 
of red raspbernes, 18 of black raspberries, and 7 purple varieties 



There still are 41 station selections under test for possible introduction 
Besides many commercial varieties, 55 of their own selections have 
been used in the breeding work, as well as the named vanotics that 
have been introduced by the Now York station. 

Of the red raspberries, Georgo L Slate, who has had chaigo of the 
beriw broodu^ for many years, states that Lloyd George, Newman, 
Herbert, and Loudon have been exceptional parents Cutlibort has not 
been so good a parent, though it has transmitted its high flavor and 
canning quabty m some crosses. Erskine Park, Buckeye, Count, 
Douboro, Empire, Owasco, Syracuse, Gold Drop, Ohta, Kanore, Su- 
perlative, Newman 20, and Marldon have been poor parents in the 
crosses made. Selfed populations resulted in dwarfs, weaklings, a high 
proportion of seedlings lacking hardmess, and a considerable amount 
of partial and complete stenlity Establishment of mbred lines has 
not been made a part of the breeding program because of (1) the long 
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time between generations, (2) the high proportion of the weakUngs, 
dwarfs, and otherwise mfenor seedungs, and (3) the difficulty of 
maintaining a number of mbred hnes because of Yirus diseases, 
winter injury, and lack of vigor Slate states “The vast possibihties 
of improving laspbernes by variety crossing make this method the 



Figftre II — Rubus coreanus, an Asiatic black raspberry resutanl to leaf and cane 
diseases that is promising for breeding for southern States 


most promising hne of attack in red raspberry improvement at this 
station ’’ 

Many hybrid'^, bockrrosses, and selfed seedlings have been raised 
involving crosses with biackbernes Among these ciosses are 


Mahdi X Herbert 

(Mahdi X Herbert) X (Newman X Her 
bert) 

(Mahdi X Herbert) X Herbert 

(Mahdi X Herbert) X Lloyd George 

Mahdi X Phenomenal 

Mahdi X Lucretia 

Mahdi X Mersereau 

Mahdi X (MahdiX Lucretia) 

Mahdi X ttubua odoralus 
(Mahdi X Herbert) selfed 
(Mahdi X Lucretia) selfed 
(Mahdi X Lucretia) X Herbert 
^ahdi X Lucretia) X Snyder 
Herbert X Logan 


Cuthbert X Logan 

I atham X Logan 

Donboro X Logan 

^erbeit X Lown) selfed 

Rubus pAoentcotonus X Agawam 

R phomxcolastus X Empire 

(R phoemcolasius X Empire) selfed 

(R photnieolasius X Empire) X Empire 

Smith No 1 (black raspberry) X Snyder 

Kansas X Agawam 

Kansas X Mayea 

Mammoth X Agawam 

Mammoth X Cuthbert 

Mammoth X Herbert 

Mammoth X Snyder 


Thus, the Mahdi, a raspberry X blackberry cross, has been back- 
crossed with both the raspberry and the blackberry, and the progenv 
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Figure 12 — A bybnd seedling with a desirable fruiting habit Note exposed fruit 
whieb makes picking easy 

baokcrossed a second time with each So far no selections have been 
introduced 

Thirty-four different crosses between the black and the red rasp- 
berries, 19 different selfings, some 21 different backcrosscs with red, 
and 19 second backcrosses with red have been made Over 4,300 
seedlings have been raised (fig 12), and 3 varieties have been mtro- 
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duced, of wliich Brant and Sodus are fii^t rrosses and Wcbater is a 
backcross of a black and a purple. Backcrossing is still considered 
promising in tliis group. Typical red and black raspberries have not 
appeared when the hybrids were selfed or when purples have been 
crossed with purples. Dundee X Newburgh has been considered 
one of the most promising crosses. Besides hybrid vigor, drought 
resistance has been noted in the purple raspberries. 

With the black raspberry, emphasis has been placed on size, color, 
Rrmness, and quality of berry, and vigor, yield, and hardiness of 
plant Cumberland, Dundee, Eureka, Farmer, Grant, Gregg, IIil- 
Dorn, Honeysweet, Kansas, Lane, Palmer, Rachel, Smith No. 1, 
and Watson Prolific have been used in crosses 

At the South Dakota station (SO) many thousands of seedling 
raspberries have been grown^ particularly crosses of cultivated van- 
eties with selections of the wild red rnspbeiry that have jiroved fully 
hardy at Brookings, with no winter protection Sunbeam and Ohta 
(Flaming Giant) are two of the eight named selections resulting 
from the crosses that have proved to be adapted to the climatic 
conditions of eastern South Dakota 

At the Illinois station raspberry breeding (f , 2, 8, 9, 10) was begun 
in 1922 and over 14,000 seedlinra ore now under test Some 121 
selections have been made for further observations. The Quillen, 
Farmer, Older, Monger, and Pearl black varieties and Ivatham, 
June, Starlight, Newburgh, Ulster, and Taylor red sorts have been 
used in this work. Among the best crosses for purple varieties 
are Quillen X June, Quillen X Latham, and Quillen X Newburgh 
In a study of the inheritance of anthracnose resistance, 62 percent of 
the selfed seedhngs of Quillen were free from anthracnose, and no 
selfed seedlings of Cumberland, Pearl, Farmer, Honeysweet, Older, 
Munger, Royal Purple, Earheart, or Conrath were free. Of 661 

g uillen selfed, 622 had reddish-brown eancs and 34 yellow canes 
f 105 Pearl selfed, 96 had reddish-brown canes and 9 yellow, close 
to a 15:1 ratio. Wlien Cumberland was selfed, all 452 seedhngs had 
reddish-brown canes. 

At the Washington State station at Puyallup raspberry breeding 
was first begun in 1909 (S3). No varieties were introduced from the 
early work In 1 928 new breeding work was begun to obtain varieties 
hardier than Cuthbert, which would bo satisfactory for canning, 
freezing, and shipping, and resistant to mosaic. Selections of Cuth- 
bert and Lloyd George parentage are especially promising. Inhen- 
tance of fruit characters and of winter hardiness has been made an 
important part of the study (18, 49). 

At the Minnesota station the breeding work has been notable for 
the origination of Latham and Chief red raspberries, the Latham 
being the leading red variety of the eastern United States It is 
estimated that at the present time there are about 25,000 acres of 
Latham and 3,000 acres of Chief grown. The work is being continued, 
and many black and red selections are now beiim tested. Among the 

E rincipal varieties crossed are Latham, Chief, Herbert. Ranere, ]^ng, 
iloyd George, CuthberU selections of the wild, and the Parmer and 
Platt black varieties. The Farmer and Platt black and the Chief red 
varieties have been inbred. E. Angelo, in charge of the work at 
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present, emphasizes ^e need for studies on the mode of inheritance 
of characters, breeding for disease resistance, and improving the 
flavor of the fruit. 

Extensive breeding work began at the Tennessee station in 1931, 
using the Van Fleet for its disease resistance and vigor in the South, to 
cross with rod varieties. Selections have been made and are being 
tested. 

At the North Carolina station breeding was begun m 1926 to obtain 
varieties resistant to diseases and ailapted to the l^uth, by using 
Asiatic species, especially Rubua Inflorus. One variety, Dixie, is 
being introduced in 1936 37 Although not large-fruited, it is one 
of tlie most productive of red raspberries and is desirable for home 
use. Beginmng in 1936, the work was made cooperative with the 
Department 

KA<^PBERRY Breeding 

AT United States Depihtment of AciuruLTURE St\tions 


The first raspberry breeding of (he United States Department of 
Agriculture was done by W. Van fleet \ihile he was at the United 
States Plant Introduction Garden at Chico, Calif . in 1909 (17). He 
crossed Rubii^kuntseanua, a species from China, witli the Cuthbert, and 
from the seedlings selected one that was later named the Van Fleet. 
The writer became associated with Di. Van Fleet at the Department’s 
station at Glenn Dale, Md , in 1920 and has earned on the breeding 
work since. The Potomac (purple) is the only variety introduced 
besides Van Fleet. The work at Beltsville, Md , and Willard, N. C., 
consists hugely of (1) genetic studies, (2) hybridizing foreign spoides 
with culti\atecl varieties, and (3) crossing to obtain resistanco to leaf 
sirot, anthracnose, and leaf nist {IS, 21). At Willard, in cooperation 
with the North Carolina Agiicultural Experiment Station, varieties 
adapted to the South are being bred, using foreign sjiecics in the crosses. 

At Corvallis, Oreg , in cooperation with the Oregon station, a large 
part of the work is directed toward obtaining large-fruited varieties 
buitablo for canning, freezing, and long-tlistance shipment. Inher- 
itance of resistance to diseases is being studied in cooperation with the 
small-fniit patholi^sts. Red vaneties used in crossing include 
Antwerp, Cayuga, Chief, Cuthbert, Herbert, Jjatham, Lloyd George, 
Newbui^fh, Ranere, and Viking; black varieties, Cumberland, Munger, 
and Farmer; and the purjile variety, Potomac. Species used include 
Bubus spectabili’f, the salmonberry, R leucodermia, the western black 
raspberry, and several Asiatic species. Lloyd GeorgoXNcwbu^h 
crosses have been particularly promising, selections from these having 
larger fruit than any yet found. 

At Cheyenne, Wyo , crosses are being made wdth the entirely hardy 
perennial-cancd Bubui deliooms in the attempt to obtain much greater 
ardiness Raspberry Breeding Abroad 


Canada 

Raspberry breeding was begun in Canada at Ottawa as early ^ 
1873 (S8), when Wilham Saunders (47), later Director of the Experi- 
mental Farm at Ottawa, crossed the Doolittle (black) with _ the 
Philadelphia (dork red — a probable black X red hybrid) and obtained 
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24 purplo-fruited seedlings His work was transferred in 1887 to the 
Dominion station when he entered the Donunion service, and it has 
been continued since At least 23 varieties have been mtroduced, of 
which 2, Brighton and Coimt, are still important varieties m CanMa 
Raspberry breeding began at Vmeland, Ontario, m 1913 (43) 
Accordmg to W J Strong, in charge of the work at present, some 126 
crosses and 167 open and self-pollmations, using 16 vaneties, resulted 
in 21,000 seedlings About 140 selections were propagated, and one 
variety, the Viking, was named and mtroduced This \aiicty, intro- 
duced in 1924, IS extensively grown m Ontario and is mcieasmg 
slowly in importance in other sections m Canada and the northern 
Umted States It is estimated that 1,500 acres of this variety are 


In England (52, 53), extensive work m breeding raspbernes by N 
H Grubb (26) at East Mallmg, Kent, has included selling 19 varieties 
to stui^ the inheritance of characters Of 74 solfcd seedlings of 
Pynes Royal, 22 were worthy of propagation and of 92 selfed Lloyd 
George, 17 were propagated Pynes Royal seedlings were much larger 
but were mostly dark, hard to pick, and not of liigh flavor Lloyd 
Geoi^ seedlings produced many canes, but few hod Lige fruit 
Red Cross and Preussen, selfed, were very disappomting Of 4 selec- 
tions chosen for trial, all were from self-pollinated progemes of 
Royal X Lloyd George hybnds 

Cluef emphasis has been placed by M B Crane and W J C 
Lawrence (11, 14, 11), of John Innes Institute, Merton on mheiitance 
ot characteis such ns sex, color of prickles and fruit, and hainncss 
Two pairs of factors were found to determine sex, two color, and one 
hairmess Private Breeders of Rasphemes 


Several private breedeis have valuable vaneties to their credit, 
especially C P Newman, of La Salle, Queber, Canada, and Georee 
IVne, of Topsliam, Devon, England Newman (42) ongmated the 
I^ewman fiom seed of several vaneties imxed This vaiiety is out- 
outstanchng for its firmness of fruit, hardiness of cane, and mosaic 
resistance It was introduced m 1919 and is still grown i ommercially 
It IS important as one of the parents of the Newbuigh, Monroe, Taylor, 
Marcy, and Potomac raspberries 

Pyne seloc ted Devon and Pynes Royal fiom self-sown seedling and 
Park Lane and Rtd Cross from self-sown seedhnp that ho transplanted 
ami tested Mayfair came from seed of Park Lane, and Impenal 
from seed of Royal Better-Late is a seedling of a blackberry- 
raspberry hybrid The Rod Cioss is notable as an early productive 
sort with a long season. Park Lane and Mayfair for their high flavor, 
Pynes Royal for its laige size, excellent flavor, and firmness, while 
Impenal is repoited to he larger than Pynes Royal, which has been 
the largest raspbeiry known 

A third pnvate breeder, George Adams, of Smithville, Ontano, has 
grown seedlmgs over a penod of some 40 years, startmg with purple 
and black vaneties His Adams 87 and Adams 101 are grown to a 
considerable extent m western New York Adams 101 is a red vanety 
rooting at the tips of canes, while Adams 87 is an especially hardy sort 
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Generic CROstsES 

Hybrids between raspberries and blackberries have been discussed 
above and the reported hybrids with the strawberry are discussed in 
the article on strawbeiry breeding in this yearbook Hybiids of 
raspberries or blackberries with roses, applc^ etc., have been reported, 
but no authentic cases are known. Van Fleet once stated that he 
had tried to cross the raspberry and a rugosa rose (Rosa nifjo'ta 
Thunb.). He obtained sterile 
seedlings, wliich may possibly 
have been hybrids. 

Everbearing or FAi,i.-riiuiTiNG 
Raspberries 

The so-called everbearing rasp- 
berries prodiK-e a irop m the 
early summer at the same time as 
other varieties and later a second 
crop on the now canes. The 
Ranere (St. Regis) is the most 
common Amencan red variety of 
this group. Erskine and La 
France are two others, and the 
New York (State) station has 
jiist introduced another, Indian 
Summer. Those varieties form 
fruit buds on the most vigorous 
canes in midsummer, begpmning 
at the tips and flowering ami 
fruiting downward toward the 
base. Besides these, other vari- 
eties like the Lloyd George in 
Oregon and Washington begin to 
flower and fruit in September 
Even some of the ordinary vari- 
eties such as Cuthbert may start 
flowering in September in some 
years. In the wild, fall-fruiting 
raspberries are often found. 

Figure 13. — A, Red-raspbeny bu*l» and 
flowers. The bud at the lower left is 
ready to cross, or in warm, dry weather it 
may be so far advanced that pollen is al- 
ready shedding. The other flowers are 
too advanced to use out of doon. B, 

After emasculating with scalpel, forceps, 
or the thnmbnail, pollen is applied direct- 
ly by twrirling the flower so that the pollen 
IS brushed from the anthers to the pistils. 

C, Blackberry flower with pistils in recep- 
tive condition and with some of the an- 
thers cm the outer stamens alteady split 
iqien and shedding pollen. 
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Summer- and fall-fruiting black raspberries are also rather commonly 
foimd in the wild, and several have been introduced. The Ohio 
Everbearing >vas one of the first black raspberries ever named and 
cultivated. However, fall-fniiting black raspberries are not very 
practicable, for fniiting on the tips of the canes interferes with propa- 
gation. So far, only with special care have they succeeded. Purple 
summer- and fall-fruiting raspberries present the same difficulties 
as do the blacks 

TECHNIQUE OF BLACKBERRY AND 
RASPBERRY CROSSING 

Most of the breeding work witli blackberries and raspberries is 
done out of doors, though when tender varieties are to be used it may 
be done with potted or tubbed plants in the greenhouse. Flowers cf 



Figure I i . — tiower clusten bagged after crobung, to protect from bees 

all except self-sterile kinds should bo emasculated at least 1 day before 
the calyx begins to split, because in some varieties imder certain 
conditions the anthers mav open and shed pollen before the buds 
open (fig. 13). The thumbnail is commonly used to cut awaj the* 
calyx, corolla, and anthers, and tlie operation does not seem to injure 
the setting of the flowers. In the field the flower clusters should be 
covered witli ordinary paper bags to keep insects away (fig. 14). 
After 1 to several days the pistils are receptive and pollen is applied. 
Poflen may be gathered in a dish and applied with a small, soft brush, 
or a flower may be twirled between the fingers so that the pollen is 
brushed from we stamens onto the pistils of the flowers usra as the 
female parent The paper bags may be taken off the flower clusters 
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after the third day, or, in all t\(tpt tin ^^iiuhest or lainiest weather, 
th^ may bo left on to protect the diisterb until tlie hemes iipen 
The seed of the npo hemes miy bt eh inedor thebemesonishedin 
dry sand Though dned seed of some varieties and speues mav 
gemunate if given suitable conditions, they aie hkely to reqiiiie 2 or 
moie years For tins rtiison in the woik of the Department the 
flesh seed is planted umnednttl>, and the flats oi pots of seed aie 
stoicd m a cool, moist place and aie exposecl the following winter to 
2 oi more months of cold weathei just above free/ing llie soil in 
the flats IS kept moist fiom sowing until geimination Good germi- 
nation has followed this jiiactue Ireshsccdof tiopunlsjieciesgenei- 
ally geiimnates at one e Occasionally seed of some raspberry 
varieties has also geiminated immediately aftei planting LneUi 
favorable conditions the seedlings con be set in the field in the spring, 
and bj the following j eai many kinds may fiuit 
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Table 1 — Breeding vcork wuh blackberries at experiment stations 
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> Am ► 2 — Blackberry varulus onginatid by piMii agent ie\ 
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Tablb 3 — BlacUtLrry vaneUet ongmated by private agencies 



SOUR(L Ol bUPFKIOR QUAIITIl-S IN Bl KBl KHILS 
Plant Characttrs 

Hardy against cold liubu-, pirqraiu R rn a let it R allcg/ cr tents Siivdii 
] Idorsdo Ancient Briton Agawam 

Resistant to orange inst Ildirado Ongni I Migreo (Hind Diam i I) 
Rnssill Siijdir 

Rpbistant to double blossom lliiualava Rogcis Advance (mav lie sanu as 
Rogirh) 

Rebiataut to lout uematude HallLiwton Aoung Grand ill 

Risibtant to cr iwn gall Aubliii IhornUss Advance 

Rcbibtant to leaf spot (siptorii) Young Himalaya Ivergrten Bivsen Larly 
Haivest 

Resistant to anthrae nose Young BoysCn 

Resistant t) v( rtirillium wilt Himilayi and }<yergieen inim imp Login aud 
Mammoth lesistant 

Thornless (genetically thornless) Austin 1 hornless R caialents Biirbai 1 
1 hornless Cameron 

\igorous Himalaya I vergaeu Braiiierd login ft mtcipiltlub R untt us 
Yeiiig Bovscii Haupt in lc\as lldorado in Noith 

Resistant to drought Npssberrv 

Laige flower clusters ft II /rstger R ntltit tic llimalava 1 vtigr en 

I nut Characters 


Farlv ripening Advanci and Rogeis (earliest) McDonald Haupt 1 iicrctia 
Young Mayes Larly Haryest Wilson I arlv ft 6o rm of J iiioiie 

late iipening Burl ink Thoinlcss Ilimalaya Ivergrten Braiiurl R 
cut Hfolta Naiiticoke h ire ka ft rutitcanut of I urope 

Finn Oregon (I ogan X Young) Advance, hvergreen Mersereiu tf eastern 
blncklx'rries 


Jaigt Boyben Young Msiniiiotli I ogan 1 1 lorado aidBrc 
Do not turn red in bhipment — Biainerd 

Canning P vt rgrecn m Oregon and Washington Brainenl ^ 
T ogan Ideal Wild 

J leczing Young Boybon Cameron Logan 
P xccllcnt flavor Ideal Wild Zelinski Young Boysen I ogan 


Boysen 

•■ropdalus 


of western tvix, Cameron Pldorado Brower ft allegl enter sts ft pergratus 


Small seed Farly Ilarvt st 
Lack of seediness Young Boysen 


Tablb 4 — Breeding nark with rayibemes at expet immt stations 
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-Breeding uwie with napbemet at experiment stations — Co 
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Source of Superior Quaiities in Raspri-rriis 


Plant OmraiUn 

Hardy against cold Ohta, Latham Chief, Potomac (piinilc), Sarah Starlight, 
Sunbeam, Newman, Adams 87, Newburgh King loiidoii \ Y 3024 (Fuiic X 
(in1lu°"ia)^ 117 (I atham X Parmer 1 1 of North Dakota), Heath (black), lekhas 

Rwistaut to heat Van 1 Icet, Dixie Kantu 
Resistant to drought Sodus, Latliam, Marej 

Resistant to leaf Bjiot Van Ucct, Kaneic, U & D A No 9 (Latham X 
Ranero), Dixie, Potomac I vans, Pynes Roval and Baths Perfection (in I ngland) , 
liubua btflorua, R innoimnalus R tnopertm R kuntuaiiwi R paivt/ohus, R 
phoenxcolasxui 

Resistant to antiiraciiost Van Pkit ffu&us oreanus R kiintzeanux R 
htjlorus, R xntiomtnalus, R nxvem, Noitti Carolina R 14 Qiiilkn and Nipks 
(black), Potomac (uurpk ), Ranere 

Resistant to yellow rust (l‘l ragmuh im riihx-xdatx) Black lasjibiniis (Ruhus 
oecxdentalxi and R leucodermxx) uumiint, liighiv resistant rtds lu I lo\d Gioigt, 
Owasco, Scueca, Antwerp Ranere (not m Califoima) Civuga Ilerbeit Cliief 
Resistant to leaf rust (late raspberry rust) Hailshim red ill bl ick risp- 
berne s are very resistant 

Resist ent to spur blight Columbiui Newman and Maic\ re 1 show some 
resistance, probably all bluk varuties are resistant 
Resistant to at ri ak Potomac and all red s arie tic s 
Immune to leaf curl All purples and 1 armei and Ne w I ogan bl tc ks 
Resistant to green mottled mosaic I ath uu Chief R me re 
P scaping green mottled mosaic I load George, Herbert Newinan Marcs, 
Indian Suiniiiei Ranere Potomac 

Resistant to mosaic in P ngland Mad iren Baiiinfortii A Red Antwcip B 
Resist int to crow n gall Surprise (of Calif oi nia) 

Resistant to vertieilliuin wilt bjracuse Cutlibert Ohta Antwerp, Marlboro, 
Cayuga, Owasco, Senee v Sui>erlativc ami Black Antwup A (in I iiropc), Ruhvx 
hxflorw 

Resistant to aphid (/ti«p7oropAoro rit5t) IlovdGeoige Ilerbeit Newburgh, 
Newman 

1 verlxaniig Ram re Ta Franco 1 rskin Park (siiiiiiiier Inaiing), Ilovd 
George (fall fruiting in the Northwest) Indun Summer Hailsham (m I ngland) 
Novemlxr Abundance 

FruU Chanutert 

Larly ripening U S D. A No 0 (I atham X Ranere) Raiieic Tune Chief 
Ohta Marlboro, N Y 3024, Red Cross (in I ngland), black varieties Shuttle 
worth, Kansas, Bristol, Lvans 

late npcning Van Fleet, I atham, Newman, Tayloi Cutlibert, N Y 3041; 
black variety, Rachel 

Firm Potomac, Newman, U & D A No 9 (Latham X Rdiicre) Newburgh, 
T atham, Ranere (in California), Baumforth seedling B, Burnett Holm, Peiiville 
Champion, and P\nes Royal (in f ngland) 

I arge Imperial, Pynes Royal, Llovd George, Preussen (in Liigl iiid) , Marcy, 
Newburgh, Tavlor, I atham, Sodiis (purple), Bnstol Dundee and Cumberland 
(black) 

Preserving Cuthbert, Potomac, Columbian Ilovl George 
Canning Washington No 89 (Cuthbert X Tloyd George), Cuthbert, Poto- 
mac, Royal, Sodiis (purple) _ 

Preeaing Latham, Chief, Viking (in the I ast) , Washington No 10, Lloyd 
George, Cuthbert, Viking, and Newburgh (in the West) 

Small seed Van Fleet, Lloyd George /t, j 

Bright red U S D A No 9 (Latham X Ranere), Washington No 76 (Lloyd 
George X Cuthbert), Ohta Ranere, Chief, June Newman, laylor, Adams 87, and 

Latham, Newburgh (in Oregon), Preussen (in England) 

Do not turn dark U & D A No 9 NewDurgh, Taylor, Viking, June, 
Adams 87, in England, Burnett Holm, Northward, Preussen, Baumforth B, 
Hornet A 
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Excellpnt flavor Cuthbert, Viking, Cayuga Ohaf, Taylor, black varieties, 
Bnstol, Evans, Hoiuwsweet, Cumberland, in England, Norwich Wonder A, 
Preusbcn, Baumforth B, Hornet A, Pynts Royal, Park Lane 
Productiveness Latham, Viking, Newburgh, June Taylor, Marcy, and 
Bristol (reds), Cunibcrland (black), Potomac and Sotliis (purple), in England 
Lloyd George and Baumforth A 

Soma IK CHHOMOsoMt Numbers in Rubus 

[See Iiteraturp ilatl u ti g) S5 K \nater k (‘jafur i an o n lu aleb an uni ul 1 she 1 
recorlifA I Icnjey] 


Blackbciriis 

European 

R ruiticanus I Min 
R ruahcnniui inentui Willd 
R tomentoaus Uoikh 
R ulmtfohiia Schott 
Burbank Tnomlesh (ft tnermta 
Willd ) 

Aincrioaii 

ft alleghemenni Porter * 
ft argidua Link 
ft canadensis L 
ft aeloana Bigtl 
Aneicnt Briton * 

Crystal White •* 

1 urcka (ft cunefolin Pursh) • 
Haupt * 

Iordan • 

Maxucll * 

McDonald * 

Pink • 

Rasplierries 

ft adenoi>hor la Rolfe 
ft enreanua Mi(| 
ft xdaeiia L (] iiropc in ic d) 
ft allecebroaua I ookc (stiawlierry- 
laspborrv) 

ft kuntzean ta Ileniel 
ft laaioatglua 1 ooki 
ft ieiwoderwis Dongl (western blai k 
cip) 

ft meaoqaeua locke 
ft occide/dain L (c astern 1 1 u kc kj)) 
ft odointua L (eastern floweiing 
laspberrc) 

ft parmflorua Nutt (westiin flower- 
ing rasplicrrc ) 

ft phoenicolaai ia\lBL\im (winebenj) 
ft apectabdia Pursh (salnionberry) 
ft atngosua Mirh\ (Anieiiean red 
raspberry) 
ft tnphgUua lliiinb 
ft xanthocarpua Bur and Iruich 
Cardinal (purple) 

C umlierland (blae k) 

Cuthbert (red) 

Eaton (red) 

Gregg (black) 

King (red) 

Lloyd George (Euroix^n red) 
Newman (red) 

Queen Alexandra 


H atmudir rhromoaovua — Continued 
Raspbeiriis — Continued 
Ranere (red) 

Royal (iiiirple) 

Superlative (Luiopian red) 

21 somalte chromi)some^ 
Blaeklieiiies (Aiiierirau) 

Marvel (Honda Marvel) 

13 wild forms of New England, prob 
ably hybrids 

12 wild foniis of Maryland and 
Distriit of ( chiiiibia also probably 
hybiids * 

Haspburics 
All Summer 
Belle de 1 ontonay 
I rskine 

Merveille Rouge 
Novciiilier Abundanre 
White Queen 

Blicklicrry raspixny hybrids 
Kings Acie • 

Mdidi 

JS aomnl t il i >i os mica 
BlaoklHirios 
Eu)oi>ean 

ft ac imtnatua I inch 1 

ft allnua Weihe and Niis 

ft anhcuii J langp 

ft bloxnmii la-is 

ft caeatua L 

ft call at ua Blo\ 

ft (letiophil la V I Muill 

ft corglifoh la Sm ■* 

ft geneiten P J Miiell 

ft liitusWaldst and Kit 

ft imbncalus Ilort 

ft incuiiataa Bab 

ft tnaulana Aresch 

ft Kaltenbachtt Metsch 

ft Itndleyanua Lees 

ft nemoroaua Arrli 

ft ntlidioides Watson 

ft ntladiia subsp opacaa hoeke 

ft palhdua Weihe and Necs 

ft piicotu* Weihe and Necs 

ft polyatUhemua Lindeb 

ft radula Weihe 

ft radula var aaguaUfoha Lund 

ft achlecMendahxvieihe 

ft aprengdu Weihe 
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S8 somatui chromoaomes — Continued 
Blackbemea — Continued 
European — Continued 
R atnvuUua f KuUensis 
R aubareelxia G Andcis 
R ihyraxger Banning and 1 ocke 
R mUtcaidta Koehl 
Edward Langlcv 
Evergreen or Cut-Lcafeo 
Himalaya (R procerus P J MucU ) 
John Innee 
Pollard • 

Sherlock Jr * 

Amencan 

Two wild forma of Maryland prob 
ablv hvbnda • 

Badger • 

Brainerd 
Early Wonder * 

Eldorado • 

Johnson • 

Jo\ • 

Jumbo * 

La Grange * 

Lawton • 

Mersereau * 

Miller * 

Nanticoke (R cunetjolma Pursh) ♦ 
Queen • 

Snyder • 

Tavlor ♦ 

Texas Everbearing * 

Ward* 
llamljcmes 
Hailsham 
Tja France 
Mcrvcille Rouge 
Merveille de Quatre Saisoiw 
Surpasse Merveille a blsnc 
Blackberry-raspberr> hybiid 
Veitohberry 

S5 aomahe chromoaovica 
Blackbemea 
European 

R bellardt Wcihe and Nees 
American 

Two wild forms of Mare Imd, prob 
ably hybrids ♦ 

Two wild forms of New England, 
probably hybrids ♦ 

Logan seedling 

Logan X Mammoth seedling 


4S aomaiic chromowmaa 
Blackbemea 
European 

R borrert Bell Salt 
R cthalua Lindeb 
R dxvfiqena Neum 
“R xnaularifoi mts ’-R wihlhergxx 
Arrh 

R nilen i I indeb 
R iiliareiii 1 lebm 
Bedford Giant 
American 

Five wild forms of New England, 
probably hybrids 
R loganobneeui Bailiv 
Logan (Loganberry) 

Cory * 

Erie * 

Lucrctia 

Mammoth 

Phenomenal 

Rathbiin 

45 aomnlir chromosomes 
Blackberries (European) 

R eluxatua \&T suhntbdi/s I idf 

49 aomnhe chromosomes 
Hybrid blacklxn n s (Furoix an) 

I axtonberrj 

R lagerbcrgii I indeb \ar balticus 
Ansch 

66 somatic chrov osomas 
Dewbemes (Americou) 

One wild foim of Massacluitictts 
Austin Thornless 
Ideal Wild 
Premo * 

Windom * 

Form close to R loganobaccus Bailey 
"’0 somatic cl romosomes 
I orm close to R loganobacc is Bailey. 

84 somatic chromosomes 
R macropetalua Dougl , of Oregon and 
Washington 



IMPROVEMENT OF 
CURRANTS AND GOOSEBERRIES 


GEORGE M. DAKKOW, Senior Pomol- 
ogiBt, Division of Fruit and Vegetable Crops 
and Diseases, Rurean of Plant Industry 


Currants and gooseberries arc closely rclatctl bush fruits that 
are far more extensively raised and pnzed in Europe than in the 
United States They were formerly grouped into a single genus, 
Riben, but now the gooseberries are generally placed in a separate 
genus, Grot’tnlarm Though hybrids have been made between cur- 
rants and gooseberries, only sterile seedlings have so far been niised 

MATERIAL FOR CURRANT BREEDING 
The red ctirrant seems to have been cultivatetl first some time before 
1600 in the Netherlands, Denmark, and around the Baltic Sea. Ac- 
conling to Hedrick,* in 1605 Ilea mentioned three red currant varieties, 
one white, and one small black Currant bushes were ordered for 
the Massachusetts colony in 1629; thus they were early brought to 
North Amerioa. By 1826 about 20 cultivated varieties were known 
in England, a good many of wliich were brought to the United States 
soon after their introduction Most of the currant industry was 
based on European varieties until about 1890 Fay, a seedling 
raised by L. Fay, Portland, N Y, in 1868, was introcfuccd in 1880; 
Wilder, a see<lling of Versailles, was raised by E Y. Teas, Irvington, 
Ind , about 1877; Red Cross and Diploma both ongmated from a 
cross between Cherry ami White Grape made in 1885 by J Moore, 
Attica, N. Y , and Perfection originated in 1887 from a cross of Fay X 
Wliito Grnf)o made by C. G. Hooker, Rochester, N. Y. These live 
varieties quickly became important and constitute ^ssibly^ 85 percent 
of the total present acreage. London Market and Victoria, the other 
principal varieties, are old European sorts. Thus the currant indus- 
try in the United States is based largely on varieties ongmattxl by 
American breeders. 

The European black currant is extensively cultivated in Europe and 
to a lesser extent in Canada, but it has been found to be by far tho 
most susceptible host for the white-pine blister rust fungus, and the 
United States Department of Agriculture advises against its cultiva- 
tion in States where white pines are important forest trees 

The American black currant (fig. 1) is a much less susceptible 
alternate host for the bUster rust fungus than the European olack 
currant. Though cultivated as a garden crop, there is probably very 
little commercial acreage of this fruit. The Mst-known variety is the 


a Rept (1D24-2S) 33, pt 2 ) 
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Crandall, which has large herries. It grows well in the prairie regions 
with hot summers, but its berries ripen so unevenly that they must 
be picked smg^. N. E. Hansen selected and introduced four Ameri- 
can black varieties— the Tonah. Atta, Mato, and W^anka— in 1925. 
These bear fruit of larger size than the ordinary wild black currant. 

In 1923 Thayer’s work on the red and the wliito currant was 
published * This aided greatly in identifying varieties and classifying 



Figure 1 . — The Americdn goldeu or black currant. An exlmncly hardy and droughl- 
rmtisUnt native currant that is a much Irss receptive host of the white-pine blister 
rust than the buropean black currant 


them OS to their botanical origin In 1924 Berger ’ covered species and 
varieties of both currants and gooseberries, and his work is very 
helpful in studying the group Hedrick and his associates* also 
described the species and varieties and gave colored plates of many of 
the more important types. 


Relation of Currants and Goosererries to 
White-Pine Blister Rust 

After the white-pine blister rust epidemic had shown this disease to 
be a serious menace to white pines in the United States, eradication 
of currants and gooseberries, the alternate hosts of the blister rust 


•Thates, P THE BED aNO WBITE cVBEANn Ohio Agr Expt Bta Bull 371. PP 307-394, ilIuT lOK 
» Beboer, A a TazoNOHic review of coRRaiiTR aHD oooseberbies n y Agr Expt fata Tech 
Jull 109, 118 pp, lUui 1934 . _ 
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fungus, wns undertaken in sections where the white pine is important. 
This has restricted interest in both currants and gooseberries, and in 
large areas, as in New England, most of the cultivated currants and 
gooseberries have been eradicated. As a consequence, tlie acreage of 
currants in the United States reported for 1929 by the 1930 census, 
3,574 acres, was leas than half of the 7,379 acres reported in 1919 
Ch^ 1,302 acres of gooseberries were reported in 1929. 

The white-pine buster rust was brought into the United States 
between 1898 and 1910 on white-pine planting stock imported from 
Europe. It is now established throughout most white-pine regions 
of the United States from Maine to Virginia, west to Minnesota, 
and in Montana, Idaho, Oregon, and Washington. Recently it has 
been found in northwestern California It injures all species of the 
white-pine group (five-needle pines), which are among the most 
valuable timber trees of the northern United States, having an 
estimated stumpage value of about $400,000,000 The disease can- 
not spread from pine to pine, but only from pine to currant and 
gooseberry and then from these back to pine. It causes a rust on 
the leaves of currant and gooseberry, whicii may defoliate the most 
susceptible varieties. 

Valuable white-pine forests can be protected by eradicating wild 
and cultivated gooseberries an<l currants for a distance of about 900 
feet around white pines, except that black currants must be destroyed 
for greater distances from pines. 

Currants and gooseberries differ greatly in their susceptibility to 
the white pine blister rust. As already noted, the common culti- 
vated black currant — the European black currant (Rtbes nujntm L.) 
becaune of its high susceptibility has been the chief agency in the 
rapid and long-tlistance spread of the disease throughout the Northern 
States. The American black currant (/f. amerieanum Mill ), the 
golden currants (H odoratum Wendl. and R. aureum Pursli), and the 
native gooscbenies {GrossuUtria dimneata (Dougl.) Spach and G 
curvata (Small) Cov. and Bntton) have seemeil somewhat more sus- 


AMERICAN nalive species of gooseberries range from Florida 
far north into Canada, and some of them are resistant to high sum- 
mer temperatures and to the leaf diseases that have discouraged 
gooseberry growing in this country. By suitable crossing, these 
characteristics can be combined with the great size, the fine flavor, 
and the beauty of varieties devdoped in Europe through generations 
of breeding, encouraged by a public that had a great fondness for 
^is fruit. Some of the hybrids already produtxd in this country 
show what can be done in the way of improved quality and size of 
fruit and vigor of plant. There is no doubt that the gooseberry 
offers opportunities for the devdopment of improved vari^ies that 
would be welcome additions to our gardens. 
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ceptible than most cultivated vaneties Franco-German, Nether- 
lands, and London Market currants are very resistant or nearly 
immune, while cultivated varieties of gooseberries are very resistant 
To protect white-pme stands, many States have established regu- 
lations govemmg the plantmg of currants and gooseberries, and some 
for white pmes In general, currant and gooseberry plantings are 
prohibited where white pme is important, and wlnte-pine plantings 
where the currants and goosebemes are impoitant Before plantmg 
these fruits the State laws should be consulted Summanes of the 
laws are given m Farmers’ Bulletm 1 198 ^ 

G G Hahn, of the Division of Forest Pathologj , Bureau of Plant 
Industry, has recently tested the Vikmg red currant, a vaiiety intro- 
duced from Norway, and found it immune to blister rust Piopa- 
gatmg stock has been imported, and m 1935 and 1936 a large number 
of plants « ere distributed to cxpiiiment stations for testing as to its 
horticultural value and for breeding Plants alremly fruiting in New 
England and New York have shown that it is of good disseit quality 
and desirable for jelly making A few open-pollinated Viking sced- 
Imgs, produced where cross-pollmation was not clinunated, have 
been slightly susceptible to blister rust The culture of the Viking in 
wlute-pme areas will depend on the policy within each State after its 
horticultural value and secdlmg susceptibihty to the fungus have been 
fully determmed „ , 

Species op Currants 

Berger states that there are about 1 50 spetios of currants and goose- 
berries distributed all over the Nortliein Hemisphere, but mostly in 
North Amenca, and extending along the mountains of the Ameiicas 
as far south as Patagonia At least 100 species are cuironts and some 
50 are goosebemes The Rocky Moimtains m North America are 
especially rich in species There are about 1 5 species of red currants, 
of which Ribes f>ahwm Reichenb , R rubnim L , R war^iewtceti Jane/ , 
and R petraeum Wulfen, and hybnds of them ai e t onsidorod impoi tant 
for breeders 

Ribes aattvum — A native of western Europe frequently escaped from cultivation 
in North Amcnca Leases heart shaped at base five lobed and with lobes 
^reading to the side, clusters 10 20 flowered flowers flat greenish yellow 
Chautauqua, Diploma, Red Cross Vereaillcs and Wilder are typical vaneties 
whde Cherry and Pay belong to a section of the species 

Ribes nbrum — Northern Europe to northern cast Asia This species is more 
northern than aattvum from which it is most easily distinguished by its forward 
pointing leaves and cup shaped flowers Leaves truncate or subcordate at base 
and lobes cupped or pointing forward, broader than long clusters longer flowers 
cup shaped pale green or brownish London Market and Victoria are typical 
vaneties Perfection is denved from R rubrum X R aattvum 

Rtbea tparaeemettt — A very productive species of eastern Siberia, worthy of 
use m breeding T eaves largo, heart shaped, clusters about 16 flowered, flowers 
coppery red to pale flesh colored, fruit large, blackish purple, very acid Near 
to R rubrum, but flowers larger and fruit more acid 

Rtbea petraeum — Very widely distnbuted over Eurojje, northwestern Afnca, 
and northern Asia Leaves roundish, pubescent when young, flowers bell sha^, 
RKen strewed with r^ or purple fruit red or blackish more acid than 
R aattvum or R rubrum Growth starts late m spnng Pnnee Albert is derived 
from R petraeum X R rubrum, and Gondouin from R petraeum X R aattvum 
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The black currants of Europe are all denved from Rtbes nigrum 
It IS more vigorous than the currant specie^ and the whole plant 
has a characteristic aroma To many the fruit flavor is objectionable, 
to others highly pleasmg It is a native of Europe as far north as 
Scandmavia, and of northern and central Asia An allied species, 
B. usaurunsf Jane , is native to eastern Manchuria, but the plant has 
a camphorous aroma and the fruit has no odor The Amencan black 
currant, B americanum, has an aroma m the plant and fruit similar to 
that of B nigrum It ranges from New Mexico to Virginia northward 
into Canada One variety, Sweet Fruited Missouri, has been in 
cultivation, though the fruit w sometimes gathered in the wild It is 
not especially promising 

The golden currants, native in central and northwestern United 
States to northern Mexico, are often known as Amencan black 
currants Yellow- or golden-fruited forms are common The most 
common vanety is the Crandall, with rather large fruit There are 
several species, but all aie close to Bihea odoratum, to which the 
Crandall oolongs 

There are many ornamental species of currants in the Rocky 
Mountam region, but they are mostly of little value for their fruit 

MATERIAL FOR GOOSEBERRY BREEDING 

The gooseberry seems to have come mto cultivation at about the 
same tune as the currant Accordmg to Hednck, it was grown m 
English gardens before 1600 Bv 1629 there were 3 red vaneties, a 
blue, and a green vanety desenW by 1778, 24 vaneties were de 
senbed by 1825 185 kinds were listed and m 1831 a list of 722 
vaneties was published The great development m the size of the 
European goosobeny was m part due to the high esteem m which 
it IS held m England, and to the shows held there For example, 171 
gooseberry shows were held m England in 1845 Prizes were given 
for the heaviest fruits, and m 1852 a berry of the London vanety was 
shown that weighed 7 grams (about one-fourth ounce), or seven to 
ei^t times the weight of the wdd fruit 

In North Amenca the European goosebemes were attacked by 
mildew, and goosebemes were little grown until after the Houghton 
was ong^atra from seed planted m 1833 by A Houghton, Lynn, 
Mass Houghton was from a cross of the European with an Amencan 
vanety, and from seed of it Charles Downmg, Newburgh, N Y , 
raised the Downmg about 1856 (fig 2, (7) The gooseberry mdustry 
of the Umted States was largely based on these two vaneties until 
about 1900, or until after the use of fungicides became common so 
that mildew could be controlled on vaneties from Europe or of 
European parentage, such as Chautauqua and Industry Smee 1900 
several vaneties have become pronunent Oregon (Oregon Champion), 
a cross between Crown Bob apd Houston, raised about 1860 by 
P Prettyman m Oregon , Pearl, a cross ofDowning X Red Wamngton, 
ongmat^ by Wilham Sunders, London, Ontano, and introduced m 
18^; Red Jacket (Houghton X Red Wamngton), also on^atedby 
Saunders and mtroduced about 1890, Came, a seedhng of Houghton, 
raised by W EUiot, Mmneapolis, Minn , and mtroduced m 1905, 
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Poorman, a seedling raised by W H Craighead, Bngham Utah, and 
introduce in 1896, and Como (Pearl X Columbus), ongmated at the 
Minnesota Agncultural Experiment Station and mtrodueed in 1922 
Of these vaneties, Poorman (fig 2, B) has tlu best appearance and 
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Species of Gooseberries 

The goosebemes of Europe are denved from the one species Orosart- 
lana redinaia (L ) Mill , wmch ranges from northern Africa through 
Europe from Spam to the Caucasus, north to Scandmavia O uoa- 
cnapa (L ) Mill , a native of central Europe, is said to be more drought- 
resistant, with very sweet late fruits It starts growth about 2 weeks 
later than the species Berger considers that the Houghton was 
denved from a cross of this form of the European gooseberry with 
O hxrteUa Most of the rest of the species of goosebemes are natives 
of North Amenca, and several are promismg for breeders 
OroMviarxa cynosbati (h) Mill — Native from North Carolina to Misaoun 
north to Manitoba and New Brunswick Berry pncklv wine red with a rather 
thick skin Bush to 4 6 feet high common in woods and rookv places 
GroiatUana mmsounensta (Nutt ) Cov and Bntton — Native from Tennessee 
to Kansas north to Minnesota and South Dakota Berry nit pnckly purplish 
Bush to 6 feet high The Qlenndale denved from this crossed with European 
varieties is very vigorous and productive and stands the hot summers better 
than other gooseberries 

Qroaaularta dtvancata (Dougl ) Spach the coast gooseberry —Native from cen 
tral California to Bntish Columbia Berry small dark purple or black notpnekh 
Bush 6 to 10 feet Trcbla a vanety propagated by A 1 Ettcr is supposed to 
have been denved from a cross of this species with cultivated vaneties 

Orosattlana htrleUa (Michs) Spach — Native from West Virnnia to South 
Dakota and north to Newfoundland and Manitoba Berrv purple or black not 
pncklv B ish to 3 5 feet Houghton Downing Pearl C ame Oregon and i ther 
vaneties are considers 1 to have been denved from crosses of this species with the 
European vaneties It has given mildew resistance to Amencan varieties 
Oroaaviana ox jeanihotdfa (L) Mill — Native from Muhigan to North Dakota 
north to Newfo indland and the Yukon Berry smooth purple sweet good 
bush low spreading branches bnstly A hardy far i orthern species 
Oroaaulana nivea (Lindl ) Spach the Snake River gooseberry —Native to 
northern Nevada I laho eastern Washington an 1 Oregon Benies smooth 
bluish black very good bush 5 to 10 feet high somewhat similar to 0 murour 
tenata 

Oroaaviana et rvafa (Small) Cov and Bntton — Native from Georgia to lexas 
Berry green to purplish smooth b ish low spreading branches arching Promis 
ing for breeding because native to the South 

Oroaa lana eel > cUa Cov — Natis e to northern Flonda Berrv very pncitly 
laTTO green bush spreading Promising for breeding liecause native to the South 
and because of its large fruits 

Groaa dana rot in hjfoha (Michx ) Cov and Bntton — Native from North Caro 
lina to Massach isctts in rockv places in woods Berries sme oth purplish bush 
with slender arching branches 

Orosa datta trrigua (Dougl ) Cov and Bntton the inland black gooseberrv — 
Native t} western Montana and eastern Oregon north to Bntish Columbia 
Bernes smooth purple or black bush 3 to 10 feet high 
Besides these species there are others m the western Umted States 
that may be of value Thus Orossvlana lobbii (A Gray) Cov and 
Bnttom 0 pinetorum (Greene) Cov and Bntton, 0 aencea (East- 
wood) Cov and Bntton, and O marahalhi (Greene) Cov and Bntton 
have large fruits but with pnckles or glandular bristles Of the species 
listed alwve, O mvea is po^bly one of the most promismg for breeding 

SYSTEMATIC BRETDING WORK WITH CURRANTS 
AND GOOSEBERRIES 

Vert little systematic breeding work has been done with currants 
and goosebemes The fact that nearly all the red currant vaneties 
grown m this country ongmated here mdicates the possibihties for 
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improvement of this fruit, particularly in breeding for resistance to 
leaf diseases; and this is home out by the more recent red currant work 
at the Minnesota Agricultural Experiment Station. Varieties of red 
currants resistant to cane blight {Botryotphaeria ribi<< On)ss. and Dug ) 
and with foliage resistant to leaf spot (Septoria tiiis Desm ) arc needed 
to make the currant a useful garden and commercial fruit in many 
sections where it is now dilRcult to grow Tlie hardiness, drought 
resistance, and great vigor of the American black currants (golden 
currants) make this group also promising Selections of these currants 
are needed that mature many or all beriies on a cluster, so ns to reduce 
the cost of harvesting. 

Probably the greatest opportunity, how e\ ei , is in gooseberry breed- 
ing The chief need is for fine-llnyored, attrnctiv c-fniited varieties 
that are resistant to leaf spot, to high suinincr temperatures, and to 
mildew {Sphaerotheca mors-uixte (Schw ) Berk, and Curt.). Such 
southern native species as Oro'isvlaria eehivella and 0. nirvata endure 
high summer temperatures and are resistant to mildew. Some resist- 
ance to leaf spot seems to be shown by O mt<i<iounevvs and probably 
certain other native species. European gooseberries cross readily 
with American species, and the productiveness and vigor of the 
hybrids have indicated how promising this line of work might be 
Poonnan, though not so largo as many of the European gooseberries, 
is lai^er than the other hybrids and has greater beauty and better 
flavor when ripe than European vaneties now grown in this country. 
The Glenndale has greater vigor than most other hybrids and far 
greater vigor than the European sorts. American native species 
range from Florida far north into Canada; and varieties with the size 
of file European, the quality and beauty of Poorman, the vigor of 
Glenndale, and the range of American species would bo woleome 
additions to our garden fruits. 

Work of Experihent Stations Wnii Currants 
AND Gooseberries* 

In South Dakota, crosses were made between the native wild goose- 
be^ of South Dakota {Onmulatia m'mourifvsis (Nutt ) Cov. and 
Britton) and the large-fruited European varieties. The first hybrid 
variety to be introduced was Sunset in 1924, followed in 1925 by Kabu. 
Kaduza, Kana, Kanga, Kapoza, Katina, Kawauka, Kazouta, Kaza, and 
Kopa. In addition, the station has grown many thousands of seedlings 
of the native gooseberry, selecting the best for a new generation. 
Seedlings of the native \md gooseberry were first introduced in 1921, 
and up to 1927 eight generations of seedlings hod been raised. 

Siimlar work in growing thousands of seedlings of the wild black 
currant resulted in the selection in 192.3 of large-fruited seedlinm. Four 
wore named and introduced in 1925 — Tonah, Atta, Mato, and W anka. 
In addition the Siberian black currant, collected by Hanson in 1897 
in Siberia, was introduced in 1910 

In North Dakota, breeding with the gooseberry was begun in 1920. 
the native wild gooseberry {Qrosmdaria missouriensvi) being crossed 

• AS Colby (Ilhnoii.). a L Slat* (Now York), A N Wilcox (Minnewta). and A F YeaRiT (South 
Dakota) kindly hindsbod detoils of Um brooding work witb cumnti. and gooseberries at their expenment 
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with Oregon Champion, Transparent, Houghton, Dovming, Copland, 
Josselyn, and Came. The best combination was with the Oregon 
Champion. In 1932 three of the seedlings were nam^ and intro- 
duced — the Pixwell, Abundance, and Perry. Pixwell is considered 
especially good for jelly, preserves, and sauce. 0. setosa Lindl , 
another wild gooseberry from North Dakota, was also crossed with 
Oregon Champion, and though the first hybrid generation was not 
particularly promising, the second showed better seedlings. A. F 
Yeager, in cliaige^ noted that red color of fruit was dommant over 
green, smooth fruit over downy, and long pedicel and peduncle over 
short. Ho also found a dwarf plant type in Oregon Champion crosses 
and observed that a light-green color of unripe fruit was apparently, 
dominant over dark-green color. He is studying inheritance of thorns, 
winter hardiness, and drought and heat resistance. 

In New York goosebeiTy breeding was begun at the New York 
(State) Agricultural Experiment Station at Geneva in 1892 and has 
been continueil at intervals since. The Frodoma, introduced in 
1920, is the only variety resulting from the work. It is a seedling of 
Crown Bob and is large, late, and productive for an English type. 
Among the varieties crossed are America^ Boskoop, Black Champion, 
Chautauqua, Crandall, Downing, Honing Fruhesto, High Sheriff, 
Houghton, May Duke, Ijancashiro Lad, Pale Red, Wellington Glory, 
Whitesmith, and Victoria. This station maintains a very large col- 
lection of species and varieties. 

A small number of currant crosses have been made, but no varieties 
have been introduced A large collection of currant varieties and 
species is also maintained. George L. Slate reported that crosses 
have been made as follnivs; 

Fay X Missouri Sweet Fruited Boskoop X ffiJes sanguxnfum 

Fay X Crandall. ChaiitaiKpia X Oroxhulana echinella 

White Transparent X Crandall R. ntgrum L X O^onne 

Cherry X Crandall. Honing Fniheste X H mnetorum. 

Black Naples X White Transparent Honiiw Fruhesto X R. lacustre. (7) 

White Transparent X Black Naples May Duke X R vinetorum. 

Diploma X Black Naples. May Duke X R. lacxuire. 

Lee (black) X Mountain (gooselierry) R ptnetorumX R lacustre. 

Black Naples X Downing R. ptnelorum X R odoratum 

Boskom (black) X Poorman. R mnetorum X R tnnomtnatum. 

Leo X Poonnan R lacustre (?) X R. jnnetorum. 

In Minnesota the breed W of gooseberries was begun in 1909 and 
has been continued since. Carrie, Chautauqua, Columbus (fig. 2, A), 
Houghton, Josselyn, and Pearl have been intercrossed and crossra 
with selections of wild species. Ribea hirtella Spach has been used to 
obtain thornlessness. (Jomo, a cross of Pearl X Columbus, was intro- 
duced in 1922. It has resistance to sun scald and to disease and is 
productive. It is especially good in cooking qualities. 

The raising of seedling currants was begim in 1912 and has been 
continued to the present. No crossing has been done. The Red 
Lake variety was introduced in 1933, bemg selected for the large size 
of the berry and of the cluster and for its productiveness. It is 
succeeding well in New Jersey and in other Eastern States. 

In lUinois the work with gooseberries was begim in 1924 with the 
objective of obtaining greater production, larger size, higher flavor, 
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fewer thorns, and disease-resistant foliage Poorman, Spinefree, 
Chautauqua, Carrie, Glenndalo, and Transparent have been inter- 
crossed, and over 2,000 see<ilm^ are under test. Papers by Colby,’ 
in charge, indicate the accomplishments. 

Work of the United States Department of Agriculture 
WITH Currants and Goosliierrics 

The work at the United States Northern Great Plains Field Station 
at Mandan, N. Dak., under W. P. Baird, has consisted largely in 
raising seedlinm and making selections of the native hardy, ilrought- 
reslstant, productive, wild black currant 7fi6cs (xloratum. In 1924, 
selections of this currant were crossed, and about 50 selections have 
been made. Baird has noted that black fiuit is dominant over yellow 
and red and that a round sha])e is iloniinant over oblong. Some 
gooseberry and red currant breeding has been done The drought 
of 1936 killed most of the gooseberry and reil currant selections, but 
the black currants nithstood it. 

At Corvallis, Oreg., a collection of the best-fniited forms of the 
native species of currants and gooseberries was made by L N. Good- 
ding, and hybridwing was begun by George F Waldo. 

At Washington, D. C., ciosses have been made in recent years by 
F. V. Covillc and 0 M Freeman between dros^uhina echineUa, a 
gooseberry species native to Flotilla, and cultivated vanelies. Several 
selections were made, and the second hyhiid generation is being raised 
at Beltsville, Md. 

In 1932 the Glenndale gooseheiTy was intioduced This oiiginated 
as a seedling raised by the late W. Van Fleet probably aliout 1905, 
before he joined the Depaitment of Agiicnlture, Irom a cross of 
((G. mi88(yuneui>)'< X Red Warrmgton) X Triumph) X Keepsake. It is 
a very rank-growing vaiiety, which succeeds front Maiylaiid and Vir- 
ginia to Kansas, at the southern limit of gooseberry growing. 

Curr\nt and Gooseherry Breeding in Foreign Countries 

The Dominion station at Ottawa, Canada, has introduced at least 
four varieties of gooseberries — Charles, Silvia, Mal»l, and Spmotree, 
the last-named being a cross of a sccoml-generation thornless wild 
with Mabel. It is Scribed as of gooil flavor, thick-skinneil, bright 
red, free of spines, upright, vigorous, free of mildew, and resistant to 
leaf spot. 

This station also introduced the following 12 black currants origi- 
nated by William Saunders before he became director in 1887 : Climax, 
Clipper, Eclipse, Ethel, Kerry, Magnus, Ogden, Ontario, Saunders, 
Success, Topsy, and Winona Of these, Kerry, Clipper, Eclipse, 
and Cliina.x are recommended varieties in Canada. 

At the East Mailing Horticultural Research Station in England, 
the production of improved varieties of red and black currants is a 
breeding project. The use of X-rays to induce mutations, and a 
study of inheritance in black currants, are two linos of research now 
under way. 
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At the University of Bristol production of heavy-cropping varieties 
of black currants is one objective, and two varieties have been named 
and introduced. At times some gooseberry breeding for mildew 
resistance has been carried on at this station. 

Laxton Bros., of Bedford, England, have done much breeding work 
with black currants and gooseMrries, and some with red currants. 
They have introduced the following red currants and goosebernes" 


Tabi f 1 — Currants and fpoxebemea introduced by Laxton Brot , of Fn^and 


Kmerald 
Ooldan Ball 
Reareuanl 



Y«llowi&h grean, high flavor 

Yeito»fhlgh’ filw 

Very late, firm 


In Sweden, C. G Dahl, in charge of the gooseberry breeding at 
Alnarp, reported that breeding was begun in 1911 to obtain nuldew- 
freo varieties. Qronsnlaria dwaricaia (Do^l ) Cov. and Britton and 
G. nivfa (Lindl ) Spach were crossed with European varieties. Some 
1,000 plants were raised, and one variety, Scania, has been introduced. 
It is free from mildew and produces a strong plant and laige fruit. 
A second vanety, a second-generation hybnd!^ from 8. nivea X a 
European vancty, is being distnbuted under the name Centum. It 
is also fice from mildew, with fruit like Downing, of fine flavor. 

In the Union of Soviet Socialist Republics, I. V. Michurin ongmated 
one gooseberry vanety, Shtambooii, which was reported to be resistant 
to inildow. 



SOME UNUSUAL OPPORTUNITIES 
IN PLANT BREEDING 

GLORGE M DARROW, Senior Pomologibt, 

GUY E YERKES, Horlicultungl, Division 
of Fruit and Vegetable Crops and Diaeabcii, 

Bureau of Plant Industry 

Opportumiii- S for the <le\eIopniiiit of luw and impioed 
plants by breeding are by no means limited to those now grown m 
home or commercial gaidens All our pusent cultivated plant'-, it 
must be remembeied, have been deiived from wild plants Those 
that were most outstandingly useful oi most leadily adaptable to 
cultivation, man took fiom ioiest and field tnd git w m lus own door- 
yard Others he left m their wild state, foi one reason or another, 
though he contmued to use then pioducts One of the plants left 
wild until very recently was the blueberry Tbe work of the late 
Jredcnck V Covrille, described elsewhere m this Yearbook, shows 
how modem knowledge and modem technique, applied to smtable 
wild material, can change and improve it enormously for human 
uses Not all neglected wild plants, undoubtedly, would produce 
such splendid results as tbe blueberry under Coville’s handling, 
but the achievement suggests that there is a wealth of material 
not yet touched, awaiting merely the right imagmation and the 
right opportumty for the breeder to transform it m greater or less 
degree 

Some of the native wild plants and introductions from foreign 
countries need only careful selection of supeiior strains to mcreaso 
their usefulness In other cases a planned program of breeding is 
necessaiy, mcludmg crosses with types already m cultivation It 
must be recogmzeu that hybnds between distmct species are made 
with considerable difficulty m most cases, and only rarely are they 
diiectly valuable m a horticultural way However, occasionally 
valuable thmgs do come from such distant crosses, and the only way 
to find them is to make the attempt 

PLANTS THAT AWAIT THE BRLLDFR’S ATPENTION 
Some, of this matenal may be mentioned at random bore In the 
Northeastern States some people use milkweed like asparagus and 
also make soup of it If vaneties with many short intemodcs on thoi’* 
underground stems could be located and improved by breedmg, 
they might be a welcome addition to the perenmol vegetable garden 
Different colored varieties of the butterfly milkweed might be selected 
and br^ os ornamentals Strams of the hard or sugar maple that 
came true to various autumn leaf colors would be desirable additions 
to our list of shade trees, and others might be found with unusuallv 
high sugar content m the sap, to be used m the sugar bush Search 
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might reveal strains of longleaf pme trees having high turpentme 
yidd Trees of upnght narrow form have special value m landscape 
use, especially for screens, high hedges, and narrow streets Lom- 
bardy poplar, quite widely used for this purpose, usually proves 
short-lived If more varieties of long lived trees of this form could 
be developed, they would be valuable additions to our nursery 
products Such forms have been propagated from American elm, 
several species of maple, English oak, oriental cherry, and others, 
but they have never been as extensively planted as this form warrants 
Chmese elm apparently has received little attention from the stand- 
pomt of developing varieties of columnar or pyramidal or low-growmg 
dense form, though such varieties would bo useful, especially m sec- 
tions subject to drought and other conditions adverse to some of the 
other trees 

Native hardy rhododendrons and araleas are a fasematmg group 
for breedmg, with the object of developing varieties that would 
endure the summer heat encountered from Philadelphia southward 
better than present vaneties, and also of increasing the winter-hardi- 
nesa of some Asiatic foims, especially Rhododendron obtuaum Planch 
and allied species Although this group of plants is rather limited 
m its adaptabihty because of soil and chmatic requuements, its use 
is inci easing very rapidly wherever any of its diverse forms can be 
^wn well R calendulaceum Toir , the flame aralea of the southern 
Appalacluans, owing to its hardmess and splendid range of colors, 
offers a good subject not only for crossing with other species but dso 
for selectmg the best specimens m the wild and propagatmg them 
as vane ties 

There oie many unusual or unimproved native and mtroduced 
fruits awaitmg the attention of the breeder Some of these haie 
been studied moie or less casually, but many are worthy of s^tematic 
contmued study For the Northern States there are the barbemes 
(Berbens spp ) buffalobemes {Shepherdm spp ) comehan-cheny 
iComva mas L ) elderberries {^Sambucua spp ) hawthorns {Cfrataegua 
spp ), honeysuckles (Lonxeera spp ), junebemes, known also as shad- 
berries, sh^blow, or samsbemes {Amdanchier spp ) mulbemes 
{Morua spp ) mountain ash {Sorbv^ spp ) wmtergreon and salal- 
bemes {Gavlthena spp ) and for the more southern States, edder- 
bemes, lunebemes, the mayhaw {Craetaegui aeahvalw Torr and 
Gray), the species of Eugenia, feijoa (Feijoa aeUovnana Berg ), the 

r iwpaw {Aaimina tnloba L ), and the persimmon {Dioapyroa nrgmiana 
) The writers have been especially mterested m the actimdias, 
the Amencan cranberrybush, several species of Masagnua, the onental 
qumces, and the Chmese bush cherries Bnef discussions of these as 
matenal for the plant breeder are given m the following pages Some 
of the other frmts previously list^ are just as promismg, but they 
have not been so readily available to the writers 

ACTINIDIA 

Thb actimdias (known also as Chmese or Japanese goosebemes and 
sheep peaches) are climbmg shrubs, chiefly of eastern Asia, ranging 
from the northern part of Japan south to the tropicm islands 
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Some seven species are in cultivation chiefly as ornamentals, for their 
beautiful foliage is remarkably free from insects and fungi. Two species, 
at least, are worth cultivating for their fruit, Aetmidm armta Miq , 
which is hardv in New England (fig. 1), and A. chinensia Planch., 
which is hardy north to Washington, D. C , though the growing 
season does not seem to be long enough at Washington to mature the 
fruit. In southern California very fine crops of A. chinensis are some- 
times produced The fruit of A arguta is about an inch long, that of 
A chinenais up to 2 inches, or about the &v.c and shape of a medium 
to small hen’s egg. The fruit is tart until fully ripe, when it is sweet, 
with a texture somewhat like that of a fresh rii>c fig It is used fresh, 
for jelly, and for sauce The leaves of yl. chwevsis are relished by 
cats, like catmp. Michurin, the Russian plant breeder, has mtro- 


1 



Figure 1 , — One of the acUnidias {Aitmidia arffUa) on a trellM al ifac Arnold Arboretum, 
Boston, Mobs. The actinidias are potentially important food plants of the United 
States, just awaiting the study of a plant breeder. This species bears fruit about 
on inch long; but another kind, A. chmensu, bears fruit up to 2 inches long. 

duced five varieties, Ananasia Michurin, Clara Zetkin, Pozdniaia 
(late), Raniaia (early), and Urezhainaia (high-yioldmg). The beauty 
of the vines, their wide climatic adaptation, their vigor, and the pleas- 
ing flavor of the fruit make them promismg for the United States. 
They are readily propagated by softwood and hardwopd cutting 
and Dy layering. The one need is the origination of varieties regularly 
productive, for the seedlings now grown only rarely produce heavy 
crops. A single vine may produce several bushels of fruit one year 
and only a few fruits most years. Hybri^ between A. arguta and 
A. chinenais were raised by David Fairchild, but the hybrids never 
fruited. 
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Figure 2 — The Amencan cronberrybiuh in flower The large white marginal flowers 
around each cluster are stenie Only the small inner flowers set fruit 

AMERICAN CHANBERRYBUSH 

Thb fruit of the native Amencan cranberrybush, highbush cranberry, or 
pembma (Vibmmum trUobum Marsh ),‘ is used for jeUy makmg m seo- 
tions of the northern United States and Canada * From the frmt is 
produced a jelly nch m color and in pectm but of relatively strong flavor 
and odor The fruit resembles that of the cranberry in color and siz^ but 

> Fonwrly known ss Vi6iini«s»Bi««rfcsiMisiMIB . ^ 

> Dabiow O M TiBUBimii AMnucAiroM as a OASDaH rauiT Amsr Soe Hort Sol Froo (1023) 
30 14-04 (1031] 

— TBS AMKBICAN CBAiraiBBTBUSH 


Jour HersditrU 343-2SS lUns 
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York and N ew England and even inMamtoba and Saskatchewan Fruit 
was obtained through correspondence from Alaska to Newfoundland 
After a study of the selections at East Lee and of plants m the 
wild m various regions three were named propagated and mtro 
duced — Wentworth Hahs and 

f Andrews (fig 3) Analyses for 
acid and pectm and jelly tests by 
C A Magoon of the Bureau of 
Plant Industry mdicated that 
these three were superior to the 
other selections TKot also cov 
ered a long season Wentworth 
being early Hahs midseason and 
Andrews latest Through coop 
oratmg nurseries these three va 
neties are now available m the 
trade They are propagated by 
softwood and hardwood cuttings 
and by layenng (fig 4) 

Many northern State expen 
ment stations have cooperated 
with Morgan and the United 
States Department of .j^gnculture 
in teslmg this fruit and several 
are contmiiing their mterest m it 
These stations mclude those m 
Maine New Hampshire Massa 
chusetts New York Wisconsm 
Minnesota North Dakota Mon 
tana and Idaho 
Besides bemg of value for its 
fruity the Amencan cranberrybush 
18 a widely used ornamental beau 
tiful m flower and fruit with a nch 
green summer fohage which be 
comes highly colored m f all (hg 5) 
Rehder states that there are m 
/uum 4 — «r all about 120 species of 

cranberrybiuh 


tliu oaie aome coota were produced along 
the ontting but the laigeat number came 
from tlw boae of the new growth (a) 


sections of the Northern Hemis 
phere Many are bitter fruited 
many others are sweet-fruited 
and some bear clear acid frvut 


It would seem that the viburnums have great promise for the breeder 
because of their value as ornamentals as well as for fnut production 
Speaes such as V carUm Hemal and V fragrans Bun^ are delight- 
fully fragrant while stenle forms of V o^U9 L and V iomentosum 
Thunb are the snowballs of commerce Valuable Wbnds would prob 
ably result from crossing the Andrews Hahs and Wentworth with V 
carum V Jragrana the evergreen V rhytidophyUum Hemal selections 
of V lantana L and related sweet fruited species the dear acid frmted 
V wrmhtxt Miq and V ddaiatvm Thunb 



liffire 5 — Iho Amencan cronbcrrybush is ornamcntdl in flower (A) as well as in 
fruit (B) Both the white flowers and the hnlliant red firuil contrast well with the 
fokage It IS one of the highly prized and widely used ornamentals of the northern 
part of the United buies 

its tart fruit Another subtropical species, A philippensta Perr , 
called the hngaro, has produced well in southern Florida It has 
edible fruit prized for use m sherbet Still other species, such as E 
ovaia Serv (fig 6, A) and E umbeUata Thunb (fig 6, B), bear im- 
mense quantities of small fruit 
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Though the cheiw elaeagnus was introduced into this country 
many years ago, it has not become an important fruit even m the 
garden The emlanation seems to be that it has been almost entirely 
CTOwn from seed The seedlmgs are extremely variable, some pro- 
ducing very httle fruit and that small and astringent, others pro- 
ducing abundant fruit as large as chomes and having a pleasant flavor 
Elaeagnus seems worth the attention of the breeder because the 
frmt IS of considerable importance m parts of central Asia, the plants 
are very hardy and drought-resistant, the seedlmra are quite variable, 
and there are a great many species A breedmg program might 
mclude selections of the best fruitmg forms from large numbers of 
seedlmgs, and hybndizmg between species such as Eheagnus mvUv- 
flora, E ovata, F umbellaia, and E pungem Thunb In the South- 
ern States the fragrant October-flowenng species E pungens may be 
of some value for its fruit and for hybridizing 


ORIENTAL QUINCES 

The oriental or flowering qmnces mclude three species and many 
varieties, as well as certain hybrids The best-known species, Cluieno- 
meUa lagenarui Koidz (Cydoma gapomca Pers ), is the so-called 
Japanese qumce, which however, is a native of central China It is a 
spreadiM shrub with thorny mterlacmg branches, from 4 to 8 feet 
high The dwarf Japanese quince, Chaenomelea gaponica L , is a 
crawling shrub with spmy branches and orange-scarlet blossoms 
One hybrid between these two species, named Chaenomeha auperba 
Rehd , has blood red flowers The flowers of these two species and 
their hybnds resemble apple blossoms and range fiom white to saboaon 
and scarlet and even darker One of the scarlet flowered vaneties 
most commonly propagated is so covered with flowers m early sprmg 
that it IS sometimes called Are bush ” 

Though ordinarily cultivated for the ornamental value of the bush 
m flower, the fruit (fig 7, A) is of value for its acidity and pectm 
content It has little flavor, but when used m making jelly and 
preserves with apples, chernes, plums, prunes, and the other cultivated 
qiimces it helps to acmeve the balance m the latio between sugar and 
acid that is necessary for highest flavor Tests have been made, in 
cooperation with the National Preservers Association to select varie- 
ties for this purpose The variety grandiflora, of Chaenomelea lage- 
nana, with fruit 3 to 4 mches m length and weiglung one-fourth to 
one-tnii^ of a pound, was the largest and most productive at Glendale, 
Md , and con tamed the most m^c acid, 6 75 percent ’ It has apple- 
pmk to rose-pmk flowers (fig 7, B) 

Because the flowermg qumces are largely self-stenle, most people, 
having only a single bush or only one variety, have never seen the 
fruit The vaneUes C lagenarva var baUmi (cense-pmk flowers), 
C lagenana var verawolor (pink flowers), O a/aperha var airoaanguinea 
(fiery scarlet flowers), C lapomca var candwieaima, and C japonvsa 
var moalia (white flowers) all bear heavily, and though no tests have 
been made, some of them may be expected to polhnate the variety 
grandvflora of C lagenana Colby,* of Illmois, found that C lagenana 


• Latbbop 0 P andWALOl W L 

• COLBT A B BOm KOTU ON THX 


THC lAPAHISN QUIMCN Pm t PTOd JouT 7 (4 14-18 Ulus 


lAPAHXSB qoiHGB Ul Stat* Aosd Bd Tnns (UAi) 31 178-188, 


Ulus 1933 
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Fifftre 7 — Tbe flowenng quince (C/ aenomele^ lagmaria) a beautiful ornamental but 
alao useful for lU fruit (A) which is high in malic acid and {ectin B Variety 
gfxmdiflora propagated originally for its apple pink flowers but bearing very large 
fruit of very high aad and pectin content 
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var ^ndiflora was at least partly self-fertile, but no other vanety 
that he tested was at all self-fertde He has found the fruit of C 
lagenana var versicolor fully as large as that of the vanety grandtjlora 
under his conditions 

The fruits of several vaneties are fragrant and are used to perfume 
rooms Colby lists the vaneties battzii and airosanguinea as having 
much perfume The Chmese cover the fruits with a coat of thm on 
and keep them m the houses a long time 
Another species from Chma, Chaenomdes sinensis Koehne, is a 
small tree bearmg its flowers singly and having fruit of enormous size, 
up to 6 mches or more m length Though its fruit may also be usea 
as a source of acid, it is coarser and has less acid and pectm than the 
other species It has a strong flavor, and a small proportion will 
impart a pleasing suggestion of qumce to ]clly and preserves made 
from milder flavored fruits It is very fragrant and is also used to 
perfume rooms The foliage turns a bnlhant scarlet m the faU, making 

it desirable for tall hedges and for ornamental plantmgs 
The two flowering species, Chaenomdes lagenana and C japonica, 
are hardy as far north as Massachusetts, New York, and Illmois, and 
may be raised southward to northern Georgia or as far south as 
there is suflacient wmter cold to break their lost penod The other 
species, C sinensis, is hardy north to Kuladelphia and may be raised 
m the South nearly to the Gulf of Mexico 
So far, improvement m the fruit characters of this group has been 
largely accidental The high acidity and pectm content of the fruit 
of some vaneties suggests that attempts to obtam still larger amounts 
would be desirable Improvement might be made by developing 
larger sized and more handsomely colored fniit m vaneties adapted 
to different regions, by securing more open growth so that the fruit 
can be picked more easily, by ehmmatmg thorns on the bushes, and 
by developing self-fertde vaneties So far no hybnds with the Euro- 
pean cultivated qumce are known, but attempts should be made to 
produce them 

The possible importance of this fruit m the preservmg mdustry is 
mdicated by the following quotation from Latbrop and Walde ' 

Were a preserver to name the properties most needed m a new fruit by the 
preservmg mdustry today he would unwittmgly be descnbmg the Japanese 
qumce * * * * * * its bid for recognition and economic importance is 

not based upon its becommg a new, distmctive ^vored product It serves a 
very different purpose — to supply a non flavored fruit, or fruit luice, very high in 
1 malic acid and pectm to those popular flavored fruits as the apple cherry 
European qumce, and plum or prune when requiring additional 1 malic acid 
* * * These famihar flavors of jelhes and preserves when they reach the con 

Burner in many instances do not show off to their best advantage <* * * the 
marked effect and advantage of makmg small, definite additions of fruit acid in 
lelhea and preserves was desenbed in the case of some fruits to bnng out more of 
the total fruit flavor actually present 

CHINESE AND OTHER BUSH CHERRIES 
The Chmese bush, Manchu, or Nanking cherry, Prunus tomeniosa 
Thunb (called by me Chmese the mountain cherry),* has been grown 
m the Umted States some 50 years as an ornament^ shrub but now 
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la attractinjK attention for its fruit It is one of the earhest of all 
shrubs to flower m the spring, its white to pink blossoms (fig 8) 
opemng ]ust as the leaves start to unfold and its bnlhant red fruit 



Figure a — ll lowers of the Chinese busl cherry It flowers on the previous 
season s growth 


(fig 9) npening with the last of the strawberries The fruit has a 
range in flavor and texture from the sweet to the sour cherry with a 
peculiarly attractive tang It is as large as the wild cherries of 
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Europe, from which the cultivated sweet and sour cherries have 
originated. The foliage is resistant to the common cherry leaf 
troubles. The tree is cultivated to some extent in China, and the 
fruit is also gathered in the wild and sold in the markets The range 
of the Nanking cherry in Asia is from southern Manchuria to the 
Kashmir region of northern India, a r^on for the most part semiand 
and in latitude and climate comparable to the territory from eastern 
New Mexico northward to North Dakota 





Ftgurv 9 —The Chinese bush cherry m fruit lie bnlliant red fruiU range m flavor 
from the aweel to the sour chemes They are produced in great abundance pro- 
vided they escape spnng frosts and brown rot Objectives in breeding this frnit 
aho^d include late-flowenng, brown rot-resistant seedlings 

When they escape spnng frosts and severe attacks of brown rot, 
the bushes are loaded with fnut of the size of small sour cherries. 
The most needed improvements are the mtroduction or discovery of 
late-flowering and brown-rot-rcsistant seedlings (fig. 10). The brown 
rot fungus often kills back twigs and blanches in humid sections. 

Harlow Kockhill, strawberry breeder at Conrad, Iowa, has crossed 
the Nanking cherry with the western sand cherry, Prunua hesatm 
Bailey, and has grown several generations of hybnd seedhngs He 
feels that some are very promising for Iowa conditions, as they flower 
later and are less often injured W cold than the Nanking cherry. 
Importations are needed from dinerent regions to make selections 
adapted for the coldest to the warmest, and the driest to the most 
humid regions of this coimtry. Rockhill has crossed the Nankmg 
cherry with the Napoleon (Royal Anne), Montmorency, and Zumbra 
chernes, and there is the possibility of obtammg hybrids with many 
other cherries. The Arnold Arboretum reported havmg a natural 
hybrid between P. tomentoaa and P. trdoba Lmdl. m their plantings. 
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Slate, ^ of the New York (State) .^ncultural Expenmont Station, has 
selected fine fruiting seedlings at Genova and has started propagating 
them By and large it is a promising fruit for the plant hreeder, and 
it may hn\ e oommoi cial pos‘-ibihties 



1 ifftre 10 — Seedling | lanu uf the ( hinese bubli ditrr) lu Ihe middle <iii early A iirr 
ing al the right a later flowenng and at the left a much later flrwering sort These 
aeedhngB illuatrate the poMibihty of obtaining much later flowcnng Belectiona that 
may eicape unseasonable frusU 

Prunus glavdvloisa Thiinb and P jam mca Thunh are very hardy 
dwarf shrubs thit art ornament il nndha\o deep red to purple black 
fruits useful for pies jclhos, and stutt There are also many other 
species of bush cherries in Asia that may bo worth using m breeding 
Besides the bush chernes, P triloba, classed as a flowering almond is 
TOBSibly a still more beautiful Imrdv flowenng and fruiting shrub with 
flowers of pure puik 

’Slate Q I the iHpaoTEUEbT or fbunvb t hehtosa Amsr Boo llort Sci Proc (1B2S) 13 
1B30 



IMPROVING THE 
WILD BLUEBERRY 


FREDERICK V. COVILLE, Principal 
Botanist, Division of Plant Exploration and 
Introduction, Bureau of Plant Industry 


Jn 1906 the writer began a series of experiments to loam the fundamen- 
tal facts in the life l^tory of the blueberry, winch might serve as a basis 
for the possible cultivation of this delicious wild fruit. It took 2 years to 
find that the bluebcr^ plant requires an acid soil. These experiments 
showed also that traiung-arbutus, rhododendrons, araleas, mountain- 
laurel, pink ladyslipper, and many 
other plants require acid soils 
Although every gardener to- 
day knows that blueberries, as 
well as hundreds of other kinds of 
plants associated with blueberries 
m their wild habitats, thrive only 
in acid soil, that fact apparently 
was not known to American hor- 
ticulturists prior to these expen- 
monts witn blueberries. The 
Cyclopedia of American Horti- 
culture, published in four volumes 
in 1900, and prepared with the 
collaboration of more than 200 
horticulturists and botanists of 
the United States, contains no 
mention that an acid soil is re- 
quired for the successful cultiva- 
tion of any one of these plants 

BEST WILD BLUEBERRIES 
CHOSEN FOR BREEDING 
PURPOSES 

Afteb the soil-acidity require- 
ment of blueberries had been de- 
termined. 2 years more were de- 
voted to lurtner studies of the life 
history of the blueberry, and by the end of 1910, when the first bulletin 
was published,' the blueberry had been grown successfully from seed to 
fruit; selected plants had been propagated by grafting, budding, di- 
vision, layering, twig cuttings, and root cuttings ; methods of pollination 
had been devised and applied; and wild plante with superior fruit had 
been chosen as the basis for breeding experiments. 



Figure 1 . — Frederick V. Coville, oseutant 
botanist and principal botanist. United 
States Department of Agriculture, 1888- 
1937; first breeder of bluebmies and founder 
of the industry of blueberry culture. 
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DR COVILLL tiled suddenly on January 9, 1937, only a few weeks after 
he had completed the arttde that appears herewith It is fitting that his last 
paper deals wuh the greatest of his achievanents in agriculture His work 
in domesticating and improving the blueberry was based upon years of taxo 
ntmiic, physiologitxU, and genetic investigatwn of the uild blueberries of the 
eastern United States, and the flourishing industry fathend by his efforts 
rests upon a sure foundation of scientific knowledge 

Yet the bluAerry achieiement is but one of many in his chosen science, 
botany In 1888, the year after his graduation from Corndl Universuy, he 
entered the Dtpartment of Agriculture, and in 1891 he accompanied the 
famous Death Valley expedition in the capacity of botanist As a result 
there was published in 1893 Botany of die Death VuUey Expedition, one of 
the classics of the study of desert iigetation Soon Coiille was back agtin 
in the far West, investigating the useful plants of the American Indians and 
carrying on, in collaboration wuh the foresters of the Department, funda 
mental studies of the graang and browse plants of the national forests The 
present ffaang management policies of the Forest Service are the outcome, 
in large measure of these investigations 

No one who had the privilege of being in the field uith Dr CovtUe could 
fail to be impressed by his keenness of ebsenation and his constant appre 
ciation of the beauty and the human appeal as well as the scientific interest 
of plants The few examples of his work mentioned in the preceding para 
graphs give only a partial tiew of his uide ranging interest He published 
no fewer than 1 58 scuntific papers Aside from his own special investiga 
turns, he played a leading part in such enterprises as organiang the research 
work of the Natwned Geographic Soeiety, establishing the Desert Botanical 
Laboratory of the Carnegie InstUution of Washinywn, and founding the 
National Aiboretum Wuh F L Olmsted and H P Kel^, he edited 
that indispensable aid of the horticulturist. Standardized Plant Names 
The writer well remembers CovMe's ddi^it, while the book was in prepara 
non, when he or one of his ccUeagues would hu upon an apt and attracuve 
En^ish name for some plant hitherto known only in Latin or Gredc 

Dr CoiUle had a host of friends in all walks of life, to whom he was a 
patient and kindly counselor Because of his reputation for sturdy good 
sense, people sought his advice, and he never begrudged for this purpose ttme 
that he coiUd ill spare from his many occupations The deep sense of loss 
his coUeagues feel at his death is intensified by regret that he did not hie to 
make one more tnp to Death VaUey, the scene of his first important botanical 
discovanes, as he had planned to do this spring The popular flora of the 
Death Valley region he was engaged in writing would have been a most 
appropriate conclusion of a busy, useful, and happy life 

T H Kearney 
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Brooks Blueberry 

The first wild blueberry selected for breeding purposes was Brooks 
named after the owner of the pasture at Greenfield, N H , in which 
the plant was found It was a highbush blueberry, Vaeanmm 
corymbosum L The berry was discovered m July 1908, after three 
summers of cursory observation m the inountams of southern New 
Hampshire and 3 weeks of ddigent search in the summer of 1908 
The bush grew at an elevation of 950 feet above the sea It stood 
with many other blueberry plants m an old, brushy, mountain pas- 
ture, m acid and permanently moist but not swampy soil It was 
about 7 feet high, and the largest of the several stems was about 2 
mihes in diameter The plant was old, and the tops on some of the 
stems were partially dead Other parts of the bush were m full vigor, 
with robust twip and foliage It yielded 3 quarts of beines The 
bemes were of large size, reaclung a diameter of more than half an 
mch The flesh was firm and juicy The color was an unusually light 
blue, due to a dense bloom over the nearly black surface In flavor 
the berry was exceptionally good It was sweet, hut sufficiently acid 
to be decidedly supenor to the mild flavored fruit of the lowhush blue- 
berry, V angustijolvam Ait , yet not sour hke the Canada blueberry, V 
canaden’ie Kalm, and it possessed m a high degree the flavoring ester 
that la the ^ecial charat tenstic of the best wild bluebernes of New 
E ngland The delicious flavor of this wild bluebei ry from New Hamp- 
slure a^ears m all the cross-bred named vaneties of bluebernes 
except Jersey and Wareham, and the flavor of those two varieties 
would be more dehcious if Brooks hail been im luded in tlieir ancestry 

Tlus description of the Brooks blueberry has been given in detail 
because I regard its selection as of fundamental importance to the 
success of the Department s blueberry-breeding expenments Every 
brooder of race horses or of milk tows understands that the choosing 
of the individuals to be interbred is of the highest importance Plant 
breeders usually select carefully the species they intend to mterbreed, 
but often make the mistake of paying too little attention to the chou e 
of supenor mdmdual plants witmn the species 

ATTEMPT TO IMPROVE THE BT UEBh RRY THROUGH 
SELP.POLI INATION A FAII URF 

The first attempts to improve the blueberry by breethng were made in 
1909 and 1910, when flowers on the onpnal Brooks bush and on 
plants propagated from it by grafting, bv budding, and by cuttings, 
were poUmated by hand with Brooks pollen These flowers did not 
set fruit, or the fruit withered and dropped long befoie it was mature, 
or if a few bemes npened they contamed abnormally few seeds, most 
of those lacking embryos No plants resulted from the sowing of 
these seeds In later years self-poUmation was tned repeatedly In 
some mstances a few plants were obtamed from the few seeds resulting 
from such pollmations, but the plants were weak and they never pro- 
duced fnut that was either desirable or abundant This method of 
breedmg, therefore, so successful with com and with bean^ was 
finally abandoned as a moans of improving the blueberry Before 
this subject is dismissed, however, it may be well to cite an experiment 



562 


YEARBOOK, 1937 


in 1914 which shows how definite is the tendency to failure in self- 
pollination as compared with cross-pollination in the blueberry. On 
February 23 to 28 of that jyear 20 flowers on a hybrid blueberry plant 
knoAvn as 393C were pollinated with pollen from another hybrid 
bluebony^, 3fl4Y. Nineteen of these twenty cross-pollinated flowere 
set fruit and 19 berries ripened. On Febniniy 27 and 28, six 
flowers on 393C were pollinated with the plant’s own pollen. From 
these six self-pollinated flowers no berries ripened. Five of the six 
flowers set fniit at first, but these all shriveled ami dropped while 
they were still young and green The failure of .3930 to produce 
seeds when pollinated with its ow n pollen was not due to sterility of 
the pollen, for the pollen of this plant, when used in another experi- 
ment, on 394 Y, yielded an abundance of berries and seeds from which 
many vigorous and productive plants were grown 

NUMBER OF CHROMOSOMES IMPORTANT 
Another series of failures in the early blueberiy jiollinations was due 
to a cause qiiite different from self-sterility Certain species of blue- 
berry usually yielded no fruit when cross-pollinated, among them 
the lowbiiah blueberry and the Canada blueberry, species of similar 
size and habit, which occur together in enormous areas on both sides 
of the Canadian border, thohighbush blueberry and the bigbush blue- 
berry, Vaccinium atrococeum (A. Gray) Heller, which resemble each 
other so closely that Asa Gray considered one a variety of tho other; 
and the Idghbush blueberry and the dryland blueberry, V vacUlana 
Kalm. \Vlien tho two species of any of these paii-s were cross-polhn- 
ate<l they usually jiroduceil no fruit. If, however, any berries resulted 
from tho cross-pollinations, their few seeds produced weak and impro- 
ductivo plants In later years, cytological studies by Longley* 
showed that in each of these pairs the first-named species has 24 
chromosomes ; the other 1 2 . Tlie 12-chromofc.ome species, it was found 
later, cross freely with each other. They even cross with the deer- 
berry, wluch belongs to a related genus, PolyewNum, but wliich has 12 
chromosomes 

Among the 24-chromosomo species of blueberry, crosses could bo 
made easily, notwithstanding great differences in the physical appear- 
ance of the two species that were crossed. Not only wore tho h^h- 
bush and tho lowbush blueberry hybridized by artificial polluiation, 
but natural hybrids between them are of frequent occurronco in New 
England pastures Tho highbush blueberry grows to a height of 7 
feet, with many stout stems in a single clump, and its leaves aro com- 
monly 2 to 2}^ inches long by 1 to inches wide, the margins usually 
without teeth. Tlie lowbush bhieberry is 6 inches to a foot in height. 
It spreads by slender rootstocks into broad patches, and its leaves are 
smim, narrow, and finely serrate The higlibush blueber^ is easily 
crossra also with tho myrtle blueberry of Florida, Vaccinium myrsi- 
nit^ Lam., a 2-foot species with evemreen, minutely-toothed leaves, 
which are seldom more than three-fourths of an inch in length. 
The highbush blueberry can be crossed easily also witli the hairy 
blueberry, V. hirsutum Buckl., a southern- Appalachian species 2 to 

> CoviLLi, r. V BLUiBiaBT CBROtfoaOHis Bdenca (n ■ ) 66 666-666 1027 

Lobolxt, a E CHBOMOaouEa IN TAOnmvii Buenoa (d a ) 66 666-668, illus 1827 
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3 feet hjgh, with leaves densely pubescent on both surfaces, and with 
hauy, black bemes In a word, ease of crossing, among blueberry 
species of the eastern United States, is dependent on equality of 
chromosome number Blueberry species of the most diverse appear- 
ance and characteristics, but with the same number of chromosomes, 
hybndizo readily „ „ 

Kussfli Blufbirry 

The second wild blueberry selected for breedmg purposes was 
Russell It was brought to my attention m 190Q by Prank Russell 
as the best lowbush blueberry on his 600-acre mountain farm at 
Greenfield, N H The on^nal plant liad become so sliaded by the 
low branches of a young oak tree that it no longer produced fruit, but 
m the greenhouses at Waslimgton its bemes reached a diameter of 
over nme-sixteenths of an mch The bemts were hght blue m color, 
and they ripened earlier than those of Brooks This tendency toward 
earlincss appears in all the progeny of the Russell blueberry and is of 
peat commercial importance because tlie earhest of the unproved 
bluebemes often bring the highest prices 

FIRST BLUIBIRRY HYBRIDS 
The first cross-polhnations between Russell and Brooks were made in 
the spring of 1911 Some of the resultmg first-generation liybnds 
were cross-poUinated with each other in 1913 The resulting progeny, 
about 3,000 hybrids of the first and second geneiations, was grown 
to maturity m the field, with remarkable resmts 

The outstondmg charactenstie of these hybrids was the vimation 
m the color of their fruit The bem^ of both Brooks and Russell 
are of hght blue color The body of the beny in both vaneties is a 
dark purple, which appears as a black when the bloom is rubbed off 
In the first-generation hybnds of Brooks and Russell the bloom was 
much thinner than m either parent, and in consequence the biriics 
of tho hybnds were dark blue m color, in strong contrast with the light 
blue bemes of both parents One of these first-generation hybnds 
18 shown m figure 2 When two of these dark-bemed first-generation 
hybnds were mterbred the resulting second-generation hybnds 
showed a still more remarkable diversity of color On about 65 per- 
cent of the plants the bemes were dark blue, just as m the first-gen- 
eration hybnds On about 18 percent they were black, some of them 
a dull black, some without a trace of bloom, so that the bemes had 
the whining appearance of a black shoe button On about 15 percent 
of the plants the bemes were h^t blue, like the bemes of both grand- 
parents On about 1 5 percent the bemes were albmos They 
lacked the purple colonng matter that, located m the skm of the blue- 
berry, gives the fruit the black color that appears when the bloom is 
rubbed away Further comments on these albmo bluobemes are 

S ven later m this paper under the vaneties Redskm and Catawba 
n about 0 5 percent of the plants the heavy bloom of the bemes on 
the two grandparents was replaced by an apparently still denser and 
lighter emored bloom which gave the berry a metalhc luster like that 
of new alummum ware 

A whining black color m these blueberry hybnds was never found 
associated with a dehcious taste, perhaps because there was not a 
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sufficient number of such plants to afford an adequate range in flavor. 
The same was true of the “aluminum” berries. In the dark-colored 
berries excellent flavor and good size were often combined. These 



Fifftre 2 . — Oae of the first blueberry hybrids This u a first-generation cross be- 
tween a wib) highbush blueberry. Brooks, and a wild lowbush blueberry, Russell, 
from Greenfield, N. H. Another hybrid of the same parentage, 394Y, was one of 
the ancestors of the vaneties Rancocas, June, and Weymouth, (Natural size.) 

dark-berried bushes of 2- to 3-foot stature are of frequent occurrence 
in New England pastures as natural hybrids between Vaednium 
corymhosum and V. angustijelium. Such a hybrid is the plant 
describwl in Gray’s Manual of Botany and Rehder’s Manual of Cul- 
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bvated Tr^ ^ eorymbomm amoenum " About 

Greenfield, N H , the plants of such hybrids are popularly known as 
the half-high blueberry For many years I regarded this plant as a 
distmct species, until it appeared by hundreds among the artificial 
hybnds ^ „ 

SooY Blueberry 

An important step forward m blueberry breedmg came about by 
enlisting the mterest of wild-blueberry pickers m New Jersey through 
cooperation with Elizabeth C White, of New Lisbon, N J On July 20, 
lOllf I stopped at the house of E/ekiel Sooy, an expenenc^ picker 
of wild blueberries, hving at Browns Mills It had been stip^a^ 
thatti wild blueberry, to be valuable, must be half an mch m diameter 
Mr Sooy said that he hadn’t any half-mch bluebernes for me, that all 
the good bushes had bemes much larger than that He proceeded 
to take me to one of them, near the road, a mile east of nu house 
The berry proved to be a beauty, five eighths of an mch m diameter 
I started to arrange that a portion of the bush be taken up later when 
the plant was dormant, but Mr Sooy took hold of a rooted sucker 
about an mch m diameter and npped it from the ground with a 
forceful yank I had been m the habit of treatmg blueberry plants 
with consideration and when I protested that the plant had been 
taken up neither at the proper season nor in the proper manner, Mr 
Sooy said, ‘ That root grow You can t kill a blueberry bush 
So the top was cut off and the root was wrapped m a wet newspaper 
and taken to Washington, where under the name Sooy it became one 
of the progenitors of some of our best blueberry hybnds 

Brooks and Sooy were cross-poUmatcd m 1912 Nearly 3 000 
seedlings of this parentage were grown to matunty m the field 
Among them were two plants that when propagated from cuttmgs 
became the improved blueberry vaneties Pioneer and Kathanne 

THOUSANDS OF PEDIGREED SEEDLING BIUEBERRIES 
TESTED TO OBTAIN 15 NAMED VARIETIES 


Up to the year 1936 about 68,000 pedigreed blueberry seedlmgs 
have been fruited and carefully exammed to determme which were 
sufficiently valuable to be propagated and distnbuted as named 
vaneties The ancestry of each seedling is a matter of record In 
the testmg plantations it was sometimes evident from the character- 
istics of an Wividual plant that it did not belong to the group mdi- 
cated by the record ^mewhere during its hfe, when it was placed 
m the ground as a seed, or when it was potted m the greenhous^ or 
when it was packed for shipment, or when it was placed in the field 
nursery, or wnen it was set m its final place m the t^tmg field, it was 
exchanged with another plant that had a different history It hap- 
pens, however, that none of these evidently misplaced plants has 
proved to be of such high quahty that it deserved to be named We 
are able to say, therefore, tnat tne ancestry of our named vaneties of 
unproved bluebem«i is above suspicion 
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TESTING BLUEBERRIES 

The selection of the few best plants in a field containing thousands of 
individual pedigreed blueberry seedlings is a tedious business. It 
requires sustained attention and keen and repeated observations. As 
one walks down the rows, the desirable color of an exceptionally light- 
blue berry can be observed almost at a glance. If, however, the 
branches of the plant are unusually flexible, the wind swaying a 
heavy cluster of berries against a neighboring branch may wipe away 
the bloom and disfigure the berriM by leaving them black on one side 
Stiffness of branch is needed to insure uniformity in the color of the 
berries. 

To be sure of tlie size of a blueberry, one’s judgment needs to be 
checked continually with a gage. The gage illustrated in figure 3 
was in use for severol years until its largest hole, 25 millimeters (an 
inch is 25.4 mm), was found to be too small to meosuie the largest 
hybrid blueberry. This is the one described later in this paper as 
GM37 and illustrated in figure 4. The original Brooks blueberry 
slightly excectled 14 mm, the Russell blueberry 15 mmj and the Sooy 
blueberry 16 mm Our largest hybrid that has a delicious flavor has 
thus far attained only 24 mm in diameter. 

The ease of picking and the size of the scar on the blueberry where 
it separates from its stem are important. A small and dry scar is 
the most desirable, and such a scar is usually associated with ease of 
picking.^ Further notes on difficulty of pickmg are given later under 
the variety Katharine, and on ease of picking under the variety 
Roncoens. An undesii able feature was observed in some of the seed- 
lings when the joint at the base of the stem of the individual berry 
separated more easily than the joint at the uiipcr end of the stem, and 
the stem therefore remained attached to the berry when it was picked 
Such a berry is undesirable commercially. 

In many of the seedlings the skin at the base of the blueberry tends 
to remain attached to the stem and, in picking, a piece of skin is tom 
from the berry. A seedling bearing such berries is always rejected, 
however good its flavor and other qualities. 

The keeping quality and the firmness of flesh must be considered in 
selecting a bluebeny, because under commercial conditions berries 
without these qualities may not reach the consumer in good condition 
A bluebeny is often reject^ if it has a very large calyx. Such a calyx 
may afford a place for an insect to hide. 

Occasionally the ripe fruit of a blueberry tends to crack after a rain. 
The crack may come between the calyx lobes, where the skin is some- 
times tightly stretched as the beriy enlarees and ripens, or it may form 
about the middle of the berry. Several blueberries of large size and 
delicious flavor have been rejected because of their tendency to crack. 

Testing for Flavor 

Probably the most elusive and difficult thing to judge in a new 
blueberry is its flavor. After several hours of tasting, all blueberries 
taste alike, and they all taste sour. On a day in which many blue- 
berries are to be tned for flavor, I never swallow the berries I am 
tasting, and I taste only those that appear promising from their size 
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and other visible qu^tiea. 
Even with such precautions to 
conserve one’s ability to dis- 
tinguish flavors, it sometimes 
is necessary to stop work in the 
field until one’s organs of taste 
have recovered their faculty of 
discrimination. If a blueberry 
is to be eaten in a pie, its flavor 
is of secondary importance, for 
if it has not sufficient acidity a 
teaspoonful of vinegar, or its 
equivalent in lemon juice, will 
supply the deficiency; but if 
the blueberry is to be eaten 
as a fresh fruit, either out of 
hand or with cream and sugar, 
its flavor, its seedlessn^, and 
its succulence are its chief con- 
tributions to enjoyment. 

A bluebeny is sweet, slightly 
sweet, or quite without sweet- 
ness. It may be sour, slightly 
acid, or flat. It may have 
none of the special flavor of 
the blueberry, or a little of it, 
or this flavor may be present 
in a high degree. Its flesh may 
be lacking in juiciness, or it 
may be juicy and sprightly. 
When taken directly from the 
bush, the blueberry varies in 
taste with its degree of ripe- 
ness. V^en blueberries first 
turn blue they usually are still 
sour. When they have been 
blue about a week they com- 
monly are ready for picking, 
but the berries of some of the 
varieties with relatively sour 
fruit may need to remain on 
the bush for 2 or even 3 weeks 
after they turn blue, before 
they become really palatable. 

Fiffire 3.— A blneberor gage, the holes 
from 7 mm (a liltle more than a 
ipiarter of an inch) to 25 nun (a little 
less than an inch) in diameter, "nie 
largest hiaeberry thus far grown is a 
Uttle larger than the largest hole in 
this gage. 
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Individual preferences vary regarding the taste of blueberries 
Some persons prefer a blueberiy so sour that it cannot be eaten without 
liberal quantities of sugar My own preference is for a blueberry 
that IS juicy, sweet, with a slight acidity, and with the characteristic 
blueberry flavor highly developed If such bluebenies are sound, and 
for about 2 days after picking, can be kept m a shady, breezy place, 
without refrigeration, preferably until they have begun to shrivel very 
slightly, they are then in their ideal condition for flavor, and are ready 
to go mto the refngeiator for chillmg hefoie they aio served 
In the field it has seemed difficult to find a satisfactory flavor m a 
blueberry on a very hot day ^Vhether the fault is with the bluebei ly 
or with the tastei I cannot say In tasting blucbciiies m the field, one 
may easily make an eiior of judgment if the beiry he tastes is blue but 
not really ripe If the beiiy is in an undeinpe condition it will have 
a purplish color aroimd the seal where it separated fiom its stem If 
the berry is ol noimal color and is fully ripe the area around the scar 
will be of the same color as the icst of the beiiy 
To avoid the in ti eduction of new blueberiy vaiieties that are 
chiefly valuable to the giower only, because of their productiveness 
and their shippmg quality, it has been the aim of the Department, m 
its blueberrv breedmg, to consider the consumer also, and especially 
to develop for hia benefit varieties of high flavor As evidence of the 
faithfulness of this endeavoi it may be rccoidcd that more than 100 
seodlmg bluobeiiy plants that bore bemes ovei three-quarters of an 
mch (19 1 mm) in chametei have been destroyed because they did not 
come up to the standaids we have set foi flavoi 

PROPAGAIING NbW VARILTIES 
WntN a seedling is of such high quahty that it is considered worthy 
of propagation and distnbution as a new and named vanety, smgle 
buds taken from it are insetted, m midsummci, near the base of new 
shoots that have grown from oldei blueberry plants cut to the ground 
m the precethng winter In the following spimg each shoot is cut off 
just above the insei ted bud, and no other Dud is allowed to grow By 
the end of the season the plant has a top of nearly the same size as 
the top that was cut off two seasons before, and this new top furnishes 
many cuttmgs of the new vaiiety By this proceduie a new vaiiety 
of bluebei ry can be propapted many times more rapidly than if the 
cuttmgs weie taken directly fiom the single oiiginal plant 

THb IMPROVLD VARILTILS OF BLUEBFRRY 
Pioneer 

PiONEiR was so designated because it was the first named vanety 
developed as a result of blueberry breeding It was a first-generation 
cross between the wild highbush bluebemes Brooks and Sooy, made in 
1912 Like all the improved vaneties not otherwise described, its 
leaves have no teeth on their margins Its bemes are of hght blue 
color, sweet, of excellent flavor, and when fully npe are without 
acidity The largest berry on the ongmal bush was 18 5 mm m 
diameter Yoimg Pioneer plants m commercial fields have home 
bemes up to 19 7 mm Fioneei is a midseason vanety 



BLUEBERRIES 


569 


Creenfielu 

Greenfield was a secoiul-gcneration hybrid between Brooks, a higli- 
bush blueberry, and Russell, a lowbush blueberry, both of them wild 
plants from Greenfield, N. H. Tlie leaves of Greenfield were finely 
toothed. The seed from whieh the plant was grown eamo from a 
cross-pollination made in the spring of 1913 The variety never 
became established in commercial blueberry culture, and is recorrled 
here only for the purpose of accounting for the name 

C\IIOT 

The Cabot blueberry is a fimt-generalion liybnd between two wild 
highbush blueberries. Brooks, already desciibed, and C'liatswortli, 
wluch was found near the settlement named ('hatsworth, in the pine 
barrens of New Jersey Tlie cross-pol hunt ion was made in 1913 
The bush w’as naiueil for my son, Cabot Co\illc, now secretary of 
the American embassy at Tokyo, who chose this bush for the flavor 
of its bernes, whiidi ha\e a slight acidity, in picference to the sw'cet, 
nonacid betnes of Pioneer. Cabot is an early variety, for many yeaiN 
the earliest of the named varieties, and m consequence it has been 
planted very extensively by blueberry groweis. It has been found 
desirable to pick its beiries about twice a week, and a bush sometimes 
yields as many ns seven pickings The berries on the onginal bush 
reached a diameter of 18.5 mm For some obscure reason tho fruit 
buds of the Cabot blueberry, in late winter, are a nioisel fascinating to 
deer At the blueberry plantation known as the Ore Ponds, a few 
miles west of Toms River. N J., the deer almost denuded the Cabot 
bushes of their fruit buds in the early spring of 1928 In consequence 
of this excessive pruning by deer, tho remaining buds produced berries 
up to 20.5 mm in diameter, an unusually large size for this vanety 

K V niAKINE 

The Katharine blueberry is of the .same parentage ns Pioneer It 
was a first-generation cross between the wild highbush blueberries 
Brooks and Sooy, from a pollination made in 1913 The berries are 
light blue and of especially ilelicious flavor On the ori^nal bush 
they reached a diameter of a little over 19 mm. Occasionally in 
<-ommorcial plantations they reach 20 mm. The Katharine is hard to 
pick The beriy clings tenaciously to its stem, and when it is pulled 
away a hole is often tom in tho base of the beny. The injury detracts 
from both the appearance and the keeping quality of the berries, yet in 
spite of this defect the Katharine is a variety that has been very satis- 
factory to tho consumer The Katharine is named after my daughter, 
Katharine, now Mrs. Chester C. Woodburn, of Des Moines, Iowa, 
who in one of her high-school years did all my blueberry pollinations. 
The vanety ripens a little later than Koneer 

Rancocas 

One of the parents of Rancocas was an unnamed blueberry hybrid 
known as 394Y, a first-generation cross between Brooks and Russell 
The other parent was a wild blueberry from the pine barrens of New 
Jersey named Rubel. This is, in form, the German spelling of the 
138004 *—37 87 
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name of the old Russian coin, the rouble The name of the blueberry 
variety Rubcl, however, is of neither German nor Russian derivation. 
The man who discovered this bush was Rube licek Rube did not 
seem an expressive name for a berry that was blue and beautiful, and 
Leek was suf'f'estive of a flavor that tlie beriy did not possess. Rubel 
was a compromise, made up of Mr Leek’s first name and the initial 
of bis last The seed from which the Rancocas bush grew was the 
result of a iiollmation in the spring of 1915. Rancocas is a second- 
early variety, ripening its berries later tlian Cabot and earlier than 
Pioneer. The original bush bore berries up to 18 nim in diameter. 
Berries in commercial plantations sometimes exceed 19m in. Rancocas 
tends to the production of heavy crops on young and healthy bu.shes, 
so heavy indeed that unusual care must be taken to prune the bushes 
severely in order to insure a good crop in the following year. The 
leaves of Rancocas have finely toothed margins. The berries have a 
small, dry scar and are very easily pickeil. The name of this variety 
came from Rancocas CVeek in New Jersey. Near this creek was the 
blueberry plantation in which the variety gave its first satisfactory 
perFormanro 

The variety Jersey was so nameil bwause both its parents were 
wild plants from New Jersey These mrents were Rubel, already 
described under Rancocas, and Grover, discovered by Russell Grover. 
The two were cross-pollinated in 1916 Jersey is a variotj] maturing 
late in the season, so late in fact that its berries often bring a high 

[ irice, in northern jilantations, because of its lateness This and, other 
ate varieties extend the blueberry-picking season over a period of 
about 8 weeks, the early varieties beginning to ripen in New Jersey in 
the latter part of June and the late varieties continuing until the 
middle of August and sometimes later. The berries of Jersey are 
large, up to 22 4 mm in diameter, and, until dead ripe, too acid for 
the taste of most persons. Jersey is of remarkably robust growth, 
the leaves on vigorous shoots sometimes attaining a length of 4 inches 
and a width of 2% inches. Concord 

The Concord blueberry was so named because of its large clusters of 
berries, wliicli, all ripe at the .same time, resemble clusters of Concord 
grapes. It is a first-generation hybrid between the nild highbush 
blueberries Brooks and Rubel and came from a eross-pollination in 
1917. The original bush bore berries up to 18 mm in diameter. In 
field culture its berries sometimes reach a diameter of 20 mm, occa- 
sionally 21 mm. Concord berries are delicious when they are allowed 
to remain on the bush until they are fully ripe and have lost the 
excessive acidity they possess when they first turn blue. Concord is 
a midsenson variety, ripening at about the same time as Koneer. 

June 

June, named for its early ripening in New Jersey, is of the same 
parentage as Rancocas, but from cross-pollinations made in 1919. On 
the original bush the berries reached a diameter of 20 mm. In com- 
merciarplantations they have sometime© exceeded 21 mm. The beny 
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is of medium blue color, sweet and delicious when fully ripe, with a 
slight subacidity. It usually ripens earlier than Cabot. Although 
June IS of one-fourth lowbush ancestry, its leaf mai^pna do not have 
the teeth that characterize its lowbush grandparent 

SrwiMEii, 

The Soammell blueberry is named for 11 B. Soammell, of Toms 
River, N. J., who first showed how good are the qualities of this berry 
under field conditions. One of the parents of the Scanmiell was a 
cross between the wdld bluebemcs Brooks and Chntsworth. Tliis 
Brooks-Chatsworth parent, which was never planted in the field, was 
recorded in the greenhouse in Washington as having “berries of 
delicious taste, sw’eet, slightly acid and of pronounced flavor.” This 
plant was pollinated with Ridicl pollen in and the Scanunell 

blueberry was one of the resulting seedlings. In the fiehl the original 
bush of Scammell bore berries iip to a iliametcr of 20 5 mm. On 
budded plants in the greenhouse in Washington tliey reached more than 
22 mm. The berries have a medium blue color, finn texture, and a 
small scar, and the calyx is almost wanting The leaves arc smaller than 
on most varieties of highbush ancestry, commonly 1)1 to 2 inches in 
length and five-eighths to three-quarters of an inch in width. The 
berries are sweet, subncid, and have a high degree of flavor. They 
ripen in late midsenson Among New Jei-sev growers there has been 
little planting of this vaiictv, apparently from doubt regarding its 
vegetative vigor. In North Carolina, howeverj at the Double Trouble 
Company’s blueberry plantation near Magnolia, it is regarded as one 
of their best varieties „ 

Stxnley 

The Stanley resulted fiom a cross between the Katharme bluoberiy 
and the wild Rubel bush^ made in 1021 By niany persons Stanley is 
considered the most delicious of all blueberries The orimnal bush 
bore berries a little less than 18 mm in diameter From the first its 
berries were recognized as of especially delicious flavor It is named 
for my son, Stanley, on whoso blueberry plantation at New Lisbon, 
N. J , this variety was fiist shown to be capable of producing good 
yields of berries of large size. Its berries often exceed 19 nun in diam- 
eter and sometimes 20 mm. In one instance a Stanley berry reached 
a diameter of 21 mm and in another instance 22 mm. The Stanley 
blueberry is a late midseason variety. 

Ri-dskin 

The Redskin blueberiy is an albino, a second-generation liybrid 
between the wild highbush blueberry Brooks and the wild lowbush 
blueberry Russell. Tlie original Redskin plant came from a pollination 
made in 1913. Albino blueberries become red on the side e.xposed to 
the sun. In the Redskin blueberry the red is almost that of old mahog- 
any, with only a trace of bloom. The berry soinotunes exceeds 16 mm 
in diameter, and the flavor is good. The beriy npens early in the 
season. This variety and the next, Catawba, were given namra in 
1932 because as red-cheeked albinos they are horticultural curiosities 
The fair size and good flavor of their Imrries make them desirable 
additions to a collection of blueberry varieties for a home garden. It 
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is doubtful whether any albino blueberry will ever actniire importance 
as a market fruit. The white color of the shaded half of the Bedskin 
berry gives the fruit a mottled appearance after picking, and on any 
slight hruise the injured portion of the flesh turns to a dried-apple 
color, both of these features making the fruit uninviting to a purchaser. 
The loaves of Kedskin are finely toothed. This variety should be 
pruned at the end of the growing season by the removal of all the 
stems that fruited in the preceding summer, only the season’s sprouts 
being left. When so pruned, Kedskin hardly reaches a height of 2 
feet. This low stature, which allows the plants to be kept covered 
with snow very easily during the bitter cold of a northern midwinter, 
suggests Redskin as a desirable variety in places so far north that other 
and taller varieties project through the snow and lose their fruit buds 
by winter-killing. 

The Catawba blueberry is an albino which was bred from the same 
grandparents and the same parents as Redskin, and in the same year. 
The berries of Catawba are not so large as those of Redskin, nor is 
their flavor quite so good. They have more bloom, and the red of the 
berry is therefore paler than in redskin, more like the color of the 
Catawba grape, a resemblance that suggested the varietal name. The 
leaves of the Catawba are finely toothed, and the plants reach a 
height of about 4 feet. Wareham 

In the autunm of 1916 some 300 pedigreed but untested blueberry 
seedling were sent to the cranberry substation of the Massachusetts 
Agriculturul Experiment Station, East Wareharn, Mass , to be brought 
into fniit by H J. Eranklin, in charge of the cranberry substation. 
Among these seedlinM was one that, after several years of observa- 
tion, Professor Franklin thought was of sufficient merit to be named 
and distributed. In accordance with his wish it was named Ware- 
ham. The parents of the Wareharn blueberry were the wild New 
Jersey highbush blueberw Rubel and another wild New Jersey h^- 
bush blueberry named Ilanling, after its discoverer, Ralph Harding. 
'The cross-pollination was made in 1915 The original bush of the 
Wareharn blueberry, in the late summer of 1931, had a breadth of 9 
by 9 feet and a heignt of 6 feet. It was vigorous and had produced 8 
quarts of berries that season. It ilifTered from most other tall vari- 
eties of blueberries improved by breeding in having serrate leaves, like 
its Harding parent. When I saw the bush amin, on July 28, 1933, 
its berries had not yet been picked. Several were over 19 mm in 
diameter, some of them nearly 20 mm. Warcham is a late-season 
variety, its berries maturing at about the same time as Jersey. Until 
they are dead ripe they are a little too acid for the taste of most per- 
sons. When fully ripe they are swoet-eubacid and of good flavor. 

Weymouth 

The Weymouth is named for the cranberry and bluebeipr planta- 
tion of Weymouth, at which most of the Department’s testing of new 
pedigreed blueberry seedlings has been conducted since 1929, oetween 
Hammonton and Mays Landing, N. J. It is near Weymouth Fur- 
nace, long ago abandoned, at which cannon and carmonbaUs were 
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made from bog iron ore dunng tlio War of 1812. The Woymoutli 
blueberry la a cross between the two early A'arietics June and Cabot. 
The pollination was made m 1928. Although the earhness of Wey- 
mouth is not yet satisfactorily proAcd from commercial field experi- 
ence, the oripnal hush hore hemes that readied nearly 22 mm m 
diameter and ripened much earlier than Cabot. The berries have 
only a moderate degree of acidity in the early stage of their ripening, 
and they are sweet, subacid, aiul delicious w hen they are first picked. 
They lose much of their taste if they are allowed to become overripe. 

GM37 

There is one seedling blueberiy that, although barred from commer- 
cial culture because its beiiies are tleficicnt in flavor, has otlier such 
desirable qualities, inchulmg the extraoidmnry si/e of its fruit, that 
acquaintance with this iiimamed hush ought to be shared with the 
public. It is known m our records as GM37. It is a cross between 
Jersey and Pioneer, and therefore has four wild liighbush ancestors, 
Grover and Rubel, the parents of Jersey, and Brooks and Sooy, the 
parents of Pioneer. The polluiation from which GM37 came was 
made in 1925. The original hush produced berries in 1928 over 20 
nun in diameter, in 1929 o\er 21 mm, and in 1930 nearly 23 mm. In 
1933 a budded bush of GM37, hand-pollinalcd and screened, in a 
Mew Jersey bluebei^ plantation, produced berries up to 25 9 mni, a 
little over an inch, in diameter. (An inch is 25 4 mm.) A cluster of 
berries from tins bush is lUustrated, natural si/e, in figure 4. The 
reader should bear in mind (liat tlus is the largest blueberiy cAer pro- 
duced, but it lacks the llaAor required to Avarnint making it a named 
Aariety. For breedmg purposes, lioweAei. GM37 lias gieat Aalue, as 
Avill be evident from what is said under tlie next Aariety, Dm. 

Dim ^ 


The unnamed bluebeny GAf37 lacked only flavor to make it a 
valuable variety. In 1930 it was cross-pollinated with the vStanley 
blueberry, the most dehcious of all varieties. Among the progeny 
was a bush that attracted attention first in 1935 and ugam m 1936. 
Its berries are sweet-subacid and delicious. On July 9, 1935, the 
largest beny was over 21 mm in diameter, and on July 24 of that 
year over 23 mm. On July 24, 1936, the laigest berry reached 24 
mm . If the season of 1936 had been a favorable one for the develop- 
ment of large individual blueberries, I am confident that the berries 
on this plant woujd have reached a diameter of more than an inch 
There is now only a single bush of this variety. It will he several 
years before it can be propagated for a thorough field test of its qu J- 
ities. Nevertheless, there are circumstances that seem to make it desir- 
ahle to give a name to this variety at this time. Toward the end of 
the present fiscal year I terminate my connection writh the Depart- 
ment of Agriculture after 49 years of botanical research.^ It was the 
custom of Linnaeus and other scientific men of his time, when a 


• Blueberry growers should bo csrefnl not to misspell the m 
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Ftfftre 4 — A cluster of the largest bluebemps thus far grown (Natural sue ) 
The largest berry on tbu bush was 259 mm (a httle more than an inch) m 
diameter Tbu bush, known in our records as GM37, was not made a named 
variety because its berries were not up to our standard of flavor It has been 
cross bred, however, with the most delicious variety of blueberry, Stanley Among 
the off spring is the large and delicious blueberry described m thu paper as Dnu, 
which already, as a young plant, has produced bemes neariy as large as those 
^own m this illustration 
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Till apple we have today fit icmo\pd fiom the “gift of the 
gods” wliich prelustonc man found m loimmg the woods of wi stern 
Asia and temperate Europe We can judge that apple only b> the 
wild apples that grow today in the aiea between the Caspiim Sea 
and Europe, which is believed to be the onginal habitat of tlie apple 
Tliese apples are generally only 1 to 2 inches m diameter, aie add 
and astrmgent, and are far infenor to the choice modem horticultural 
vaneties 

The improvement of the apple through the selection of the best 
types of the wild seedling goes far baik to the very beginnmg of 
history Methods of buddmg and griftmg fruits were known moie 
than 2,000 years ago Aeeording to Unger, Cato (third ctntuiy, 
B C) knew scAon different apple varieties Plmy (fust centurv, 
A D ) knew 30 difterent kmds By the tunc the lust sttthis fiom 
Europe were conung to the shoies of Nortli Amenca, hundreds of 
apide vaneties had been named in European countnes 

The supeiior \aiieties CTown in Europe m the seventeenth century 
had, so far as is known, aU developed as chance si idlings, but gaiden- 
eis had seleited the best of the secdlmg tiees and piopagatea tliem 
vegetativ ely 

The early Anieiican settlers, partiiulaily those fiom the temperate 
portions of Europe, who came to the eastern coast of Nortli Amer- 
ica, brought with them seeds and in some cases mafted tiees of 
European varieties Witlim a few years after the fi^rst settlements 
were made in the tcmpeiate portions of North Amenca, bearmg apple 
trees were reported 

From this start, apple trees weie rapidly disseminateil The apple 
was apparently earned by Indians, tiadeis, and missionanes mto the 
wilderness far beyond the wliite settlements In the eaily wntings 
frequent mention is mode of Indian villages with apple and peach 
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orchards adjacent to them; apparently the Indians were an important 
factor in the early dissemination of these fruits. All the Indian 
orchards consisted, of course^ of seedli^ trees. Since the apple does 
not come true from 8ee<l, ¥ade variations in size, color, and quality 
of fruit and season of ripening undoubtedly occurred in these early 
orchards. As the country became more settled, farmers and gardeners 
were interested in mowing the best of these seedlings rather than 
in planting a miscellaneous assortment that could be secured from 
seed. 

It is imcertain just when the first grafting of apple varieties was 
practiced in the United States. Taylor (15, pp. 308-^09) * says: 

Certeiii it is that in 1647 the apple w recorded as grafted upon wild stocks in 
Virginia, while in 1686 William Fil/htigh, m describing his own plantation, 
mentions “a large orchard of about 2,.500 apple trees, most grafted, well fenced 
with a locust fence" * ♦ ♦ Frequent importations of seeds, scions, and 
grafted trees, together with propagation from those already noticed, both by 
seeds and grafts, brought the orchards of New England up to such point that 
Dudley, in 1726, stated in a paper in the Philosophical Transactions, "our Apples 
are without doubt as good as those of England, and much fairer to look to, and so 
are the Pears • • * Our People of late >ears, have run so much upon 
Orchards, that in a village near Boston, consisting of about forty Families, they 
made near ten Thousand Barrels [of cider] ” 


Italu numbers m mrenthesos refer to Selected Beferemes to T itiratiire, p HOI. 


APPLE breeding is a task that retires not only great patience 
but ability to look ivell into the future. In most sections of the 
United States at least 10 to 15 years are required to grotv an apple 
from seed to bearing age and to obtain an accurate evaluation of it. 
To propagate and test a promising kind will require an additional 
10 to 12 years. Therefore not less than 25 years are usually re~ 
(piired from the time a cross is made until the progeny of that cross 
can be fully evaluated. Additional years must then elapse before 
commercial ordiards come into fruiting. Thus it usually takes 
from 30 to 40 years b^ween the planting of the original seed and 
the production of commercial crops of even a very superior apple. 
Apples originating from the earliest breeding investigations in the 
United States, begun as far back as 1880, are just now coming 
into prominence; those from the breeding work of 20 or 25 years 
ago are not yet fully tested. It is easy to see, then, uky few of our 
popular commercial varieties have as yet resulted from modem breed- 
ing work. However, there is every prospect that varieties superior to 
those now in use wUl result from the many thousands of hybrid 
seedlings now under test at various research centers. 
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As settlements spreftd westward to tlie Mississippi Valley and on to 
me racilic, apple planting kept pace. An eccentric missionary, John 
( Jiapman, known as ‘Johnny Appleseed”, roamed the frontier settle- 
ments of Ohio and Indiana m the early nineteenth centiiry, planting 
apple seed and starting orchards wherever he went and encouraging 
others to do the same. He lived to see bearing trees throughout the 
area. Thus the apple became more or less naturalued throughout the 
temperate part of North America. 

The apple vaneties gioivn here today are quite largely those that 
have been developed from the seedlmg trees that happened to be 
superior. Only a few of our important commercial varieties have been 
imported from Europe. During the past cciitui'y the priniai'y ein- 
jihasis in the United States has been on varieties w ith superior dessert 
and cooking quality, along with good si/e, a range of ripening from 
midsummer to late fall, and a storage quality that wdl carry tlie fruit 
through the winter months Pcihaps the greater emphasis m Europe 
on the use of apjiles for cider making is partially responsible for the 
smaller number of reallv high-quality dess<‘rt apples selected tliere. 
Tablc l, in the appendix, indicates the source of leading American 
vaneties of ajiiiles so far as it is known 

Few of the apples that have reached commercial promise to date 
have been produced as a result of systematic hybiidization The 
reason for this is icadily apparent when certam of the factors invoUed 
in apple breeding are considered Praeticallynosystematie work was 
started in the United States prior to IS80, and little was carried on 
inior to 1895 In most sections of the United States at least 10 to 15 
years are reipiired to glow an apple tree from seed to bcanng age and 
to give an accurate evaluation of it. To propagate and test a jiromis- 
ing kmd will leijune an additional 10 to 12 years Tlierefore not less 
than 25 ycai-s is usually required from the time n cross is made until 
the progeny of tluit cross can be accurately evaluated. Additional 
years must then elapse before eoininereial orchards come into friuting 
Thus from 30 to 40 years will usually elapse between the ]>lanfing of 
the onginal seed and the production of commercial crops of eyen a 
veiy superior apple. Apples originating from the earlier breeding 
investigations are just now coming into commercial prominence. 
Since much of the bi ceding work has been conducted dunng the last 
20 or 25 yeais, sufTicient tune lias not yet elapsed to give u full evalua- 
tion of the offspring of the crosses made. 

THE BAW MATERIALS OF THE APPLE BREEDER 


The apple belongs to the great family of plants termed by botanists 
the Rosttceae, or rose family. This family is very largo and includes 
many tree fnuts of the Temperate Zone, such as plums and prunes, 
poaches, cherries, apricots, and pears^ as well as strawbemes, black- 
Derries, and many other forms of cultivated and wold plants. Apples 
and pears belong to the pome fruit subfamily Ponioideae, which in- 
cludes, in addition to these fruits, the hawthorns cotoneasters, 
quinces, medlars, mountain-ash, and a number of additional related 
forms. All of the plants in this subfamily are characterized by having 
the seeds borne in a fleshy covering and l^vmg two to five carp^. or 
seed cavities, in each fruit. Withm the Pomoideae the genus Malus, 
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comprising the apples, makes up one important group. Many 
botanists have included the apple in the pear genus, Pyrus, The 
fruits of these two groups are distinguished by the fact that the pears 
contain grit cells, while tlie flesh of the apple is free of grit cells. 
There are also other distinctive differences in the structure of certain 
flower parts. 

The various species that make up the genus A/lri/ws can in most cases 
he hybridized rather readily. Species of Malm apparently do not 
hybridize readily with species of Pynts or witli those of other genera 
in the Pomoideae. No such cross^es have been reported, although 
there has been ample opportunity for tliem to occur naturally in view 
of the wide distribution and adjacent plantings of many members of 
these genera 

There is some difference of opinion among botanists ns to whether 
one or more than one species oririnally entered into the parentage 
of our cultivated apple. The wide diversity of existing fonns has 
led some students to believe that several species were involved origi- 
nally. However, this diversity might well be expected in a fniit crop 
selected and cultivated for thousands of years and propagated largely 
by vegetative means. Every interesting variation occurring in seed- 
ling could thus be preserveef. 

In addition to the cultivated apple, Kehder, in his Manual of Cul- 
tivated Trees and Shnibs, Iwts 24 species of apples or crab apples, 
native mainly in China, Siberia, Japan, and the United States. Bailey 
in his Manual of Cultivated Plants makes a somewhat different divi- 
sion, listing 25 species of Malm Knowledge of the close relatives 
that might be expected to hybridize readily with the cultivated apple 
is of much interest from the breeding standpoint. 

Wliile these siiecies represent basic raw material available to the 
apple breeder, for most purooses it is not desirable to u^ the original 
types in breeding work The selection of superior varieties through 
the centuries has given us breeding material that is far more promising 
than the parent species for the development of superior new kinds by 
hybridization. Only when special characters, such as extreme hardi- 
ness, are needed does it seem more desirable to use original species 
material For the jiroduction of crab apple types and for omamontal 
purposes, however, these species are of outstanding value. 

OBJECTIVKS IN AMERICAN APPLE BREEDING 
Objectives in the apple-breeding work vary, of course, in different 
actions. Throughout most of the apple belt in the United States 
increased winter hardiness is hkhly desirable, and in the colder sec- 
tions, including the northern Great Plains area and northern Now 
England, it is the all-important factor in apple production. A few 
vaneties such as McIntosh, Wealtliy, Oldenburg, and Yellow Trans- 

? arent are sufficiently hardy for all but the northernmost part of the 
lains region. Many important varieties, including Baldwin, Stay- 
man Winesap, Winesap, Grimes Golden, Rome Beauty, Yellow New- 
town, and Jonathan, niay be severely injured or trees may be killed 
during severe winters in many sections of the country. Increased 
hardiness must continually be sought in the apple-breeding program 
for all but possibly the southeastern districts. 
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The second most important objective is gicater disease lesistnnce 
The five diseases that cause the gieiUst loss of apples in the United 
States aie scab, blotth, bitter rot fire blight, and apple cellar rust 
There aie ivide degrees of susceptibihtv to all of these diseases No 
Lommeicial variety is immune liom wab TToivevei Mdntosh, De- 
licious, Stayman ^Vinosip, and Rome Beauty aie fu more subject to 
the discise tlnn are Giimes Cxoldon, York Impeiial, Baldi^in, or 
Tonathan SimiUily, Golden Dthcioiis Yellow Newtoivn, Grimes 
Golden, and Jonathan aie i \tremely subject to bitti r rot and foi this 
reason they an of doubtful value foi planting in tlie far southeiskin 
distiicts On tlu otlui hand Wmesip, Baldwin, Dehcioiis Rome 
Beauty, Stiyman Wmtsip and Yoil Impcnal aic lelatively iisistant 
to this disease 

V meties veiy susceptible to blotch include Ben Davis McIntosh, 
Noithwesttrn Giecmng and Oldenbuig, wliile a list of nlativtly 
nsistant vaiieties indudts Dtlicioiis Gnnies Golden Jonathan Stay- 
man Winesap and "Voik Imptinl 

Baldwin ami DiUtious u< highly nsistant to apple cedai nist 
while Jonathan RoiucBiuity Wialtln and > oik Impdial are quite 
susieptible Sttdlmgs of lesistant paients show a high dcgiee of 
nsistince to this disoise, whilt siedlmgs of susceptible parents are 
highly sus( ( ptible 

liie blight IS a siiious oichud disease of lellow Tiansparent, 
Jonathan, Wialthv loik Impeiial and a numbei of othei a am ties 
On the otlui hand Delicious Ben Da\is and the Wimsap lamily ot 
\anetus vn nsistmt W c know that si edlings of Yellow friiisparent 
tend to be susceptible but we haic little infonnation as to how the 
chaiacUis ot susi i ptibility oi iisistance to file blight or other diseases 
behave in hyhiidiy ition 

Susi eptihility to sjnay mjuiy vlso is an impoitmt clmivctei from 
the stindpoint of ev iluating i vviiety for tommercial use Golden 
Dilicious and Bin Dims an pvitieularly susieptible while many 
V iiioties, ini lulling Dtliiious, Alclntosh Rhode Island Greenmg, 
Rome Biauty, Stiyman Wmesnp vnd otheis show little injury 

The sei unng of new vaiieties fairly lesistant to all of tluse diseases 
and to spi ly miuiy is a distmct possibility It should hi a pninaiy 
objective m biiidmg mil all new si lections should be studied fiom 
the standpoint of disi iso susi t ptibility 

The third objectivi mipoituit in many parts of thi Umted States, 
IS the secunng ot late blooimng v meties that will have a greater 
possibility of escaping spiing hosts anil free/es In most apple 
sections spring fiosts or freezes aie hkely to reduce the apple crop 
giiatly m ceitain yeirs In some sections tlus may nin as high as 2 
years in 5, in other sections perhaps not over 1 year m 10 Vam ties 
blooming a week to 10 days late i than standard types would have an 
mcieismgly bottei tliance to eseipo such losses This is particularly 
unportant m some of the nudwestoin areas The late bloonung 
character is piesont in Rome Beauty, Mother Ralls, and some other 
vaiieties, and through the use of such varieties in breedmg, late- 
bloommg trees can he obtamed 

A fourth objective is the securing of vaiiefaes having highly 
developed, nch flavor combmed with desirable tree characters 
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Among highly flavored varieties are Delicious, Golden Delicious, 
Esopus Spitzenburg, Jonathan, Grimes Golden, and McIntosh. 
Many of these have horticulture weaknesses such as lack of hardi- 
ness, disease susceptibility, insufficient tree vigor, and susceptibility 
to spray injury. 

It is desirable to obtain high-quality, attractively colored varieties 
that will be available throughout the year through the use of cold 
storage. Improvement in color in our present varieties is being accom- 
phsh^ by selection of attractive, highly colored bud mutations On 
the average our long-keeping varieties are inferior in quality to those 
that are available earlier in the season, such as McIntosh, Grimes 
Golden, and Jonathan. 

Another important objective is the development of varieties adapted 
to the far South. At present there are no satisfactory vanetics for 
the region within 200 miles of the Gulf of Mexico. Native crab apples 
might be of value for hybridizing to produce varieties adapted to 
that region. No active work of this kind is under way, but there is 
a real need for it. Until apples can be grown locally, many people 
in that rerion will never have an adequate supply of the fruit. 

The relative importance of these different objectives varies in 
different regions. In the Southeastern States disease resistance is of 
major importance _ In the northern Plains area winter hardiness 
becomes the most important single objective In the Missouri and 
Ohio Valleys, late blooming to escape the hazards of spnng frost 
assumes major importance Throughout all of the regions a suc- 
cession of high-q^uality varieties available for use throughout the year 
is highly desirable. 

METHODS OF IMPROVEMENT BY SEI.ECTION 
OF BUD MUTATIONS 

OccAsroNALLT ccll division in the veptative tissues fails to reproduce 
a now cell exactly like the parent The result is an occasional branch 
or bud that varies in some respect from the parent tree on which it is 
home. Such a mutant branch or bud normally reproduces true when 
propagated vegetatively, provided the vanation is a true mutation 
and has not been caused by environmental conditions. 

The fact that such bud or branch mutations occasionally occur has 
long been known to plant propagators. It is only in recent years, 
however, that the importance of these variations, from the standpoint 
of improving our fniit varieties, has been fully appreciated. 

During the past decade an intensive search of American apple 
orchards has been conducted to locate such mutations as may be of 
value Since red-colored apples command a considerable premium on 
the American markets, mutations carmng a greater amount of red 
color have been particularly sought. How successful the search has 
been is indicated by the fact that we now have more than 30 red strains 
of the D^cious variety. Many of these red strains, however, may 
prove to be so similar as to be practically indistinguishable. More 
than 16 red strains of Rome Beauty are known, 20 strains of 'Winesap, 
8 strains of Stayman Winesap, ana several strains of McIntosh, Yok 
Imperial, Jonathan, and other leading varieties. At the present time, 
straiiiB b^eved tn color earlier or to have better color are in existence 
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for practically all of the leading red or blushed apple varieties. In 
several varieties, namely, Delicious, Rome Beauty, Winesap, Jonathan, 
and Stayman Winesap, new eommen-ial plantings are largely of the 
improved strains rather than tlie standard \anetal forms 

It has been assumed by many nursei-ymen and growem that in 
general such mutations >ary from the parent in only one character 
This is not necessarily true Variations in season of ripening, fruit 
size, storage ipiahty, dessert quality, or prodiK'tiveness may acoom- 
pany color variations Therefoie the Aaiious bud mutations should 
be thoroughly tested before they are widely propagali'd commercially. 

In addition to mutations affecting color, a few ha\ e been found that 
involve season of matiinty, size, shape, and fia\or of fruit It is of 
course obMous tliat \ariations m lla\or, stoiage cpinlity, or inoduc- 
tueness aie less likely to be located than aie vaiiations of color or 
season of maturity, which are \ery consjncuous when the fruit is stiU 
on the tree 

A search for bud mutations is especiallv likely to lend to inpid 
results m the improvement of horticultural \arieties Generally 
these mutations mean only a slight difference in \aneties that ha\o 
already proved themsehes excellent from a commercial standpoint 
For example, the Winesap apple is already established as a leading 
commercial vanety. Its greatest weakness is its tendency to rather 
small fruit si/e and lack of tree xigor under all but the best soil condi- 
tions. Its growing season is too long to peiiuit pro])er dexelopment 
of the fruit in noiihem districts Thus, bud mutations of Winesap 
that would gixo an eailier iipemng apple would extend the range north- 
ward. Similarly, a mutation showing lai’ger si/e of fruit would be of 
much value. A search for such mutations should be continued in 
American orchards 

The process of selection, propagation, and testing of bud niutations 
perhaps offers a possibihty for more rapid improvement of our ])iesent 
desirable varieties than does any other method of breeding. Possibly 
by bud selection we might find a later maturing McIntosh adapted 
for growing farther south than the present McIntosh belt, or an 
earlier maturing Stayman Winesap, Romo Beauty, or Winesap, which 
would mean better adaptation to northern sections. The fact that 
color can bo improved oy the use of such selections has already been 
amply demonstrated. The testing of bud mutations should bo an 
integral part of the vaneW-improvement program in the years to 
come. For onginatmg definitely new types of apples, however, or 
for the incorporation of new characters, such as greatly increased hardi- 
ness or vigor, hybridization appears to offer the greater possibilities. 

HYBRIDIZATION OF APPLES AND PEARS 
There is no unusual difficulty in the technique^ of hybridizmg apples 
and pears. Several steps of this techmque are illustrated in figure 1. 
The flower parts of an apple or pear, in order, from the outside of the 
blossom to the center, are as follows- (1) The calyx, consisting of 6 
sepals at the base of the blossom, (2), the corolla, made up of 5 white 
or pink petals; (3), the stamens or pollen-bearing organs, usually 20 
in number, which are borne just inside the petals; (4), the pistil, the 
central organ that contains the seeds. In hybndizing most vaneties 
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it is desirable to remove the pollen-bearing stamens from the flower 
before it opens. The best time to do this is at the so-called balloon 
stage, illustrated in figure 1, A, while the petals still form a complete 
covering over the inner flower parts At that stage the stamens have 
not yet begun to shed jioUen and there has previously been no oppor- 
tunity for either self- or cross-pollination to occur. 

Two methods may be employed in removing the poUen-bearing 
organs. Jn tlie metljod shown m the figure, the thumbnail or a small 



Figure I . — Steps m hybriduatinn of apple* and pears A, Hud in pro(ier stage for 
emasculation; B, after rmasciildlion, showing petals sepals, and stamens pinched olT 
and removed; C, an o|>rn flower, showing the flower ports that are removed in 
emasculation; D, the nielliod of protecting emasculated floners from chance pollination 

knife or a laboratory scalpel is used to make a cut just at the base of 
the sepals. The flower part is then bent sidewise, and the whole 
flower organ except the pistil can bo tom loose, as shown in figure 1 , B. 
If carefully done, this leaves the pistil, consisting of the ovary contain- 
ing the seeds, with a cluster of styles and stimnas, as shown in B. 
The tearing loose of the flower parts may result in enough injury to 
reduce the set of fruit. In the second metliod, wliich is somewhat 
slower but less likely to cause injuiy, the petals are pulled loose at the 
sta^e shown in A, and the anthers are picked out of the blossom with 
an instrument; an or^nary comb is satisfactoiy. 

If the flowers are within a day or two of opening when emasculated, 
it is satisfactory to apply the pollen of the selected male parent at the 
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time the emasculation is done; or the application of pollen may be 
postponed for a day or two. The pollen should be applied, however, 
before the stigmas begin to turn brown Tlie emnseulatecl blossoms 
must bo protected from chance pollination for several days. A satis- 
factory method is shown m figure 1, 1). 

A higher percentage of set of fruit will usually result if not more 
than two blossoms are emascii]ate<l and pollinated in a cluster The 
remaining blossoms should, of course, be picked off at the time 
the emasculating is done. 

Uandung the Pollen 

To secure iioUcn, buds in the stage shown in figure I, A, are picked 
and the anthers combed out of them as described above. If these 
anthers are held in a moderately worm, dry place they will ripen rather 
rapidly and begin to shed pollen \nthin 24 to 48 hours. 

Sometimes branches of the desired pollen parent are brought into 
a room or a greenhouse before the blossoms open, set in iMiter, and 
allowed to bloom protected from insects The pollen is removeil from 
the open flowers when it is ripe 

Pollen is usually applied to the stigniiib of the emasculated blossoms 
with a fine camel’s-hair brush, which mav be sterilized between 
pollinations by w ashing in alcohol or immersing for several seconds in 
boiling water After the pollen has been applied, the emasculated 
blossoms should again be protected (fig. 2). Wlien conditions are 
favorable, from 30 to 50 percent of the emasculated blossoms should 
set fruit After the stigmas have turned completely brown the 
protecting bags may be removed and labels designating the cross should 
be carefully adjusted. The fruit may bo harvested when slightly 
immature to prevent imdue loss from dropping. (Termination of the 
seed is not affected by such early harvesting. 

Handling the Fruit and Seeds 

Two or three alternative methods may be used for handling the fruit 
and seeds after harvest Since apple and pear seeds must go through 
certain transformations, often tlescribcil as “resting” or “after ripen- 
ing,” before they will germinate, the fruit may be placed in cold or 
ceUar storage and held until spring The seeds can then be removed 
and immemately planted in nursery rows. An alternative method of 
handling is to remove the seed from the fruit after harvest, place it in 
small labeled bags, and put these m cold storara over winter. It is 
necessa^ that the seed be sufficiently well dried and that it be stored 
in a sufficiently dry place to prevent it from molding, but excessive 
drying should he avoided. A third method is to stratify or bury the 
seed and carry it over winter outtloors If facilities are available, the 
seed may be planted in flats in the greenhouse or in cold frames and the 
seedlings allowed to grow 3 or 4 inches high before being transplanted 
to nursery rows in the field, but tliis is not necessary _ 

After 2 years in the nursery row the apple seedlings may be trans- 
planted to the orchard, sufficient space being allowed to permit the 
trees to come into fruit. Pear trees can be plantetl at somewhat 
closer distances in the orchard than apple trees; they will usually fruit 
satisfactorily if planted about 4 feat apart in the row, with the rows 




Fifftn 2 — Cfobb poUinated apple bloasouu pFot<H.ted under glassine bags and labeled 


about 15 feet apart to facilitate cultivation and spraying Apple 
trees should have at least 10 feet of space m the row, with rows 16 
feet apart, if the fruiting value of the young trees is to be adequately 
determined 

To speed up the testing and at the same time conserve space, buds or 
grafts from young seedhng trees nCay be put mto older trees growmg m 
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orchard form Several buds or grafts m \y be put into an apple tiee 
4 to 6 years old Usually it is preferable to have only seedlings of the 
same parentage worked on one oichaid tree If suth a tree is main- 
tametl in good vigor and if the budding or grafting is satisfactorily 
accomplished, fnutmg recoids should bo obtained within 3 to 4 years 
from the date of budding or graftmg Usually budwood or scions from 
the seedlings can be obtained at the end of the first grow mg season 
Thus, by trua method, an mdieation of fruit value with apples oi pears 
can be obtamed m about 5 years from the tune of makmg the cross 
If the seedhngs themselves ire grown to fnutmg age in the orchard, 8 
to 10 years usually be icquired However, giowing the seedhmj 
itself to fnutmg permits a better evaluation of the tree fiom the stand- 
pomt of vigor, hardmess, disease resistanc e, and tiee form 

In using the budding or grafting method, it is dosuable to have trees 
that are not too old Young orchaid trees 4 to 5 yeais old aio most 
nearly ideal from the standpomt of top-working, and they are small 
enough to facditate the w ork of takmg records on fnutmg branches 
•Several steps m apple breeding as can led on at the New York Agn- 
cultural Experiment Station at Geneva are illustrated m figures 
3, 4, and 5 3 

SlGNIFICVNCE OF UnUSUU ( HHOHOSOHE NuMB»RS 

It IS only within the last 10 yeais that we have had definite informa- 
tion on the chiomosomo numbeis of the lanous apple varieties 
This has danfied our undirstandmg of the behavior of vaiioties 
particularly from the standpomt of polhnation and breeding Wo 
now imderstand the reasons for the peculiar behavior of certain \ ari- 
eties long observed m the orchard 

Investigators have known for some years that certain vaneties aie 
poor pollimrers for others They do not foim mueh good pollen 
most of the grams being abortive and failing to grow when put in a 
sugar solution suitable for pollen germination Usually when these 
vaneties aie planted alone or in blocks with others of similar typo, 
poor sets of fruit aie setured Among the vaneties known as pooi 
pol’mi/ers are btaymaii Wmesap, Baldwin, Rhode Island Greemng, 
Gr ivenstein, Arkansas (Black TVig), Tompkins Kmg, Stark, and 
several less important ones 

These vaneties have < ertam other characteristics in common also 
All produce large-si/ed fruit, and all are vigorous CTOWers and develop 
mto large trees Nursery investigations have mdicatcd that as a rule 
seed produced by these vaneties germinates poorly and the seodlmg 
trees are usually weak growers 

Our present knowledge of the number of chromosomes m apple 
vaneties has been contnbuted by many mvestigators m many coun- 
tnes, mcludmg V A Rybm, in the Umon of Soviet Socialist Republics 
A A Moffett, M B Crane, W J C Lawrence, and C D Darhngton, 
m Endand, J S Shoemaker and B R Nebel, m the United States 
F Kobel, m Germany, O Iledbom, m Sweden, and others Those 
workers have shown that most of the cultivated vaneties of apples 
have 34 chromosomes (17 pairs) in the vegetaUve or somatic tissues, 
and 17 (one member of each pair) m the germ cells These vaneties 

» From pbotogrsplu tunuahed by the atatbm 
138904“— 37 8S 



figure 3 — Step* n apple breed ng A Collect ng pollen from unopened clueter* B 
bloMoma emaa^ated and ready for the application of pollen (note that the pollen 
bearing organa have been remov^) 6 applying pollen to the piatils of the emasculated 
flowen D polbnated flowers protected from chance polhnation by covering with 
paper bags E mesh bags used to protect the fniit that has set F seeds resulting from 
contrdled polhnation protected by mouse proof screen for strat fying m so 1 
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Fiffire 5 — Second teats of promising hybnd wieclionb Ihe tree in the foreground 
18 Early McIntosh 

producing large fruit and large vigorous trees, is that they have 51 
chromosomes instead of 34 m the somatic tissues They are termed 
tnploids,* since the chromosome number m the v^etative tissue is 
three times that of the usual reproductive cells of apples, instead of 
twice, as m the diploids 
< Tim la dtaconed by A F Blakeelea m hla article in tbis Yearbook 
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The question IIow have these ttiploid vane tits developed? 

N^ormally the cells of the vegetative tissue have only twite as many 
chromosomes as the reproductive tells How can wo account for 
the coi^derable number of apple varieties that cany three tunes this 
basic chromosome number? 

It 18 not known definitely how the tnploio forms developed At 
long mtervals, the frequency varying with different spciicb, a germ 
cell m either the male or the female oigans may be tieveloped with 
an extra set of chromosomes Kxpenmentally, cells are ot t asionally 
formed with double the normal niimbtr of t hromosomes as a result of 
subjecting them during the process of germ cell formation to unusual 
environmental conditions, siu li as high or low tompcraturcjs It may 
be deduced, therefore, tliat at lare intervals under natural conditions 
pollen grains oi egg cells are foimed that carry 34 rather than 17 
chromosomes in the reproductive cells 

Now if an egg coll carrying 34 chromosomes is feitih/ed by a sperm 
carrymg 17 chromosomes, the resulting fcitilized egg will have 'll 
chromosomes It will develop into an embryo and ultimately into 
a plant carrying 51 chromosomes in its vegetative tissues If such 
a tree is propagated vegetatively the result is a horticultural variety 
with 51 chromosomes instead of tlie normal 14 

Approximately one fourth of all c ommercial apple vaneties are these 
tnploid or 5 1 -c hromosome forms Y et it is probaole th at sue h forms are 
rarely produc ed among seedling apple trees 1 or example, in all of the 
controlled breidmgwoik that has been done in the United States, 
mvolving crosses of diploid X diploid, diploid X tnploid, tnploid X 
diploid, and tnploid X tnploid, no soeclling of ment known to tie 
a tnploid has been produced Itis appaient, thirefoie, that in nature 
tnploid forms aie produced only rarely as compared to diploids 

How, then, can wo ac c ount for the fact that at least a fourth of our 
important varieties aie tiiploids^ This is possible only if wo assume 
that the tnploids have iharaitenstics that make them of unusual 
value as commercial vaneties, so that an unusually high proportion 
of the tnploid forms have been selectckl and propagated as vaneties 
It is probable that in the Umted States in the last 250 years more than 
200,000,000 apple trees of seedlmg ongin have grown and fruited 
Even if only 1 in 50,000 of these was a tnploid, it would moan that 
several thousand tnploid trec*s have grown m the Umted States some 
time dunng the past two and a half centunes If these trees on the 
average had certain supenor charactenstic s as compared with the 
hundreds of milhons of diploid trees, thov could easily have become 
the source of a relatively large number of improved vaneties Some 
of their charactenstics of unusual value from a commercial standpoint 
have already been enumerated, namely, large size of fruit and vigorous 
growth and large size of trees Ileilborn (S) h as also pomted out that 
most of the tnploid varieties grown in Europe have relatively lone 
storage quahty This does not apply to all of the Amencan tnploid 
vaneties, but many of them are firm-fleshed apples of good storage 
quahty Thus it seems probable that from the mass of Modling 
material available m the Umted States and PJurope a relatively high 
proportion of the rare tnploids has been selected and a relatively 
proportion of the more common diploids 
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Can We Breed for Tripioid Varteties? 

These points of siiporiority of the triploid vnneties would indioafe 
that attempts should be made to secure tnploids in breeding. It is 
true that a large portion of the seedhnp produced in breecung work 
tend to run to medium or small fniit size. Tliis tendency could un- 
doubtedly be corrected if triploid varieties could be obtained at will. 
Unfortunately, however, this cannot be done. 

As explained above, crossing of diploid X diploid varieties nomally 
gives only diploids. What occurs when we cross diploids X triploids 
or triplohls X triploids? 

The triploid somatic or vegetative cells contain 51 chromosomes - 
34 obtained from one parent germ cell and 17 from the other. In tlio 
pairing of tlie chromosomes, which takes place prior to the formation 
of germ cells, 34 will pair normally into 17 pairs. But the remaining 
17 of the 51 chromosomes are not arranged in any special order, and 
they are unable to pair among themselves. After pairing, the chromo- 
somes again divide, half going to one polo of the nucleus and half to 
the other pole But the 17 unpaired chromosomes cannot do this in 
an orderly fasliion. Some of them go to one pole and some to the 
other at random Thus, when the cell finally splits in lialf to form 
two genn cells, we find that each of these contains 17 chromosomes 
from the original pairs and an indefinite number of other chromosomes 
from those that had not paired. This indefinite number vanes all 
the way from none at all to the whole 17 unpaired chromosomes. 
Such a germ cell may have any number of chromosomes from 17 to 34. 

The great majority of these germ cells with an irregular chromosome 
number are .sterile. The addition of chromosomes above the nonnal 
number but less than double the number seems to result in sterility 
to a la^ extent throughout the plant kingdom. In apples, however, 
some viable pollen grains are found in most of the triploid forms, and 
in most varieties enough of the egg colls are sufficiently fertile to give 
a satisfactory fruit set, particularly if they are pollinated with diploid 
pollen. 

However, when the egg cell containing 17 to 34 chromosomes is 
fertUizetl with a nucleus from diploid pollen containing 17 chromo- 
somes, we usually will have neither diploid nor triploid offspring. 
The number will vary from 34 to 51, that is, 17 from the pollen cell 
plus 17 to 34 from the egg cell. These are called aneuploids, and the 
seeds generally germinate poorly. Those that do grow are likely to 

f roduce_ weak seedlings, though occasionally they are fairly vigorous, 
t is of interest to note, however, that of the varieties that have been 
introduced as a result of breeding work in the United States to date, 
none has a parent of known triploid constitution. This is in line with 
cytological studies on many species of plants^ which indicate the 
slight probability of obtaining promi^g varieties when one or both 
of the parents are triploids. 

Triploids crossed with triploids also are likely to give aneuploid 
progeny. Here the possible number of ehromosomes will range from 
34 to 68 and may be expressed numerically by the formula [17-1- 
(0 to 17)]-f [17-f(0 to 17)]. Such triploid X triploid progeny are 
likely to be weak vegetatively if they grow at 





In order to obtain triploids at will in broedin};, it is neeosstirv to 
have a tetrapioid parent (tour tunes tbc basic inind)or) to cross iith 
a diploid. We do not now have any apple or pour viinolies that are 
knov^ to be tetraploids. There is a i)ossibilitv lliat tctr.n)U.i(ls 
rpsultog from chromosonie doubling n, some cell in the vegetative 
tissues ongmate at rare xnle^als as bud sports or somatic mutations 
in normal diploid vanetics. One or two mutations that may be ot this 
typo have recently been found in pears, though their nature has not 
yet been definitely determined. Tf smuUr mutations can ho found in 
apples, they will lie of great interest from the breeding standpoint. 
Such hud sports will probably he characterised by giant fruits, since 
tho character of giantism is often associulctl with chroiuosomo 
doubling. Giant strains of apples, oeeuriiiig as hud sjiorts, should he 
carefully preserved until their character can he detenmned, even 
though the fruit itself may appear to bo of no value. 

Aside from diploid and triploid varieties, a wonl sliouhl he said ns 
to the chromosome make-up of tho genera Malvi and Pijnis These 
genera and other closely related forms stand out among the Rosacoao 
in having 17 chromosomes in the reduced phase (the reproductive 
cells), whereas the basic number in other genera of tlie family is 
mostly 7 and in a few 8 or 9. In Malu<i and Pyrus the 1 7 chromosomes 
arc believed to represent multiplication from the simpler liaso of 7, 8, 
or 9, either by hybridization or by polyploid mutations Tins com- 
jilex chromosome constitution of apples and peai-s may account for 
the fact that there is such wide variation in selected varieties within 
those spceies, that mutations both m seed reprodiielion and vegetative 
tissues occur fairly fromieiitl.v , and that most selooled viineties are 
highly heterozygous, failing to reproduce seedlings closely resemhlmg 


INHKRITANCK OF TRFF 4ISD FRUIT CIIARACTFRS 
Most of our apple varieties are higlilv hetcro/vgous, or mived in 
their inhentance. Tliis fact, oounled with tlie long time reipiired to 
grow a generation, the impossibility of successfully selfing most 
varieties, and the relatively small populations that can ho grown, 
makes the working out of inheritance factors difFicult The following 
summation is taken mainly from Wellington {17), Aiiehtcr (2), lamtz 
and Bole {1^), and Crane and Lnwieiiee (6‘). 

Triploid X tnploid or triploid X diploid varieties prodiieo generally 
weak trees if seeds grow, because of uneuploid chromosome make-up. 

Among diploid X diploid crosses, weak growth appears recessive to 
vigorous growth. 

Tree shape — spreading, round, or upright— appears to bo duo to a 
number of genes. Forms of hybrids are usually intenncdiate between 
parents, with the progeny tendmg to ho more nearly round than a 
strictly interme^te form would b? , . , , ^ , ,. 

Age of bearing is undoubtedly inherited, but simple segregations 
have not been obtained Late-bearing and oarly-boarmg parents 
tend to transmit these tendencies. . . , , . , 

Susceptibility to apple cedar rust, to blight, and to scab appears 
to be inherit^, but little is known of the segregations mvolved. 
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Date of fruit ripening follows parent behavior closely. Ijate- 
ripening parents give late-ripening progeny; early-ripening parents, 
early-ripening progeny : and early X late crosses usually ripen between 
the ripening dates of the two parents. In fruit size, largo size seems 
dominant over small, but the factors are complev. Small crab apples 
crossed with apples give intermediate sizes. Most large apples carry 
some factors for small. To secure lai^o size, cross large X large 
Ijorge X small fruit sizes yield progenies that are usually intermediate 
Crane and Lawrence found the average of the progeny to bo somewhat 
smaller than the average of the two parents. 

Yellow or green skin color usually behaves as a reces.sive, though 
occasional reel apples ill appear in yellow X yellow hybrids Appar 
ently a number of factors are involved in color. Blush X blush parents 
m^ occasionally give deeper reds than either parent. 

Mesh texture appears to follow parent type to a considerable degree, 
but some coursc-iloshod progeny are produced by tender-fleshed 
parents. Several factors appear to bo involved in flesh texture, as 
well as in flesh color 

In flavor, sweet (lack of acidi^) appears to be recessive. Some 
highly acid varieties, as Boiken, Oldenbui^, and Montgomery, seem 
to bo homozygous, or “pure” in their inheritance, for acidity, hfildly 
acid varieties {dve some sweet progeny and appear heterozygous for 
sweetness Acid X acid gives a considerable proportion of progeny 
with acidity accentuated beyond either parent. 

APPLE BREEDING IN TITE UNITED STATES 
A RETiATiVLJi'i large jirogram of apple breeding is now under way in 
the United States, with activo projects at 12 experunent stations anil 
work at two points by the United States Department of Agriculture 
The post and present workers in apple breeding are listed in the 
appendi.\. (See table 4.) In table 3 are summarized the crosses 
mode at the stations that have fruited to date, together with the 
number of progeny from each cross considered to have horticultural 
promise, either as varieties or for further breeding work. 

In the following pages, the work at the various stations is briefly 
summarized. , 

Idaho 

At the Idaho Agricultural Experiment Station, Moscow, breeding 
was begun in 1909 by C. C Vincent, and since then 11,824 hybrid 
seedlings have been planted in orchard form . Results have indicated 
that the Jonathan, Wagener, and ^opus Spitzenburg varieties have 
tended to give highest dessert quality. Ben Davis crosses have the 
highest percentage of seedlings showing good keeping quality. No 
varieties have yet been introduced to the trade, but 101 selections 
have been made for detailed study. 

Ilunois 

Since the work was started at the Illinois Agricultural Experiment 
Station, Urbana, in 1908 by C. S. Crandall, approximately 15,000 
trees have been fruited in the orchard, and detailed records have been 
made of the characteristics of the fruit produced. In the earlier work, 
a large number of crosses were made between cultivated varieties ana 
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various species of crab apples Later, the ompliosis has shifted to 
hybridizing commercial varieties containing the qualities desii^. 
The prima^ objective in the early breeding work was to secure data 
on genetic^ behavior of the apple. This is being continued, but greater 
emphasis w now plac^ on the securing of high dessert quality and 
good keeping quality in new varieties At the present time, almost 
3^0 00 seedlings representing^ liigh-ouality parents are being grown 
The principal varieties used in this later breeding work include Akin, 
Delicious, Jonathan^ Golden Delicious, Maiden Tihish, Fnmouse, 
Winesap, Fanny, Gnmes Golden, 
and Rome Beauty. In breeding 
for early apples of good quality, 

YcUow Transparent is being 
crossed with high-quality stand- 
ard-season varieties. 

IVom the seedlings that have 
fruited, 338 promising selections 
are being held for further observa- 
tion as to their commercial value 
No varieties have been named. 

Iowa 

Apple-breeding work in Iowa 
was Degim by C. G. Patten (fig 6) 
at Charles City about 1867. Pat- 
ten began as an independent fruit 
breeder but later received some 
financial assistance from the Iowa 
State Horticultural Society. From 
1909 to 1914 the United States De- 
partment of Agriculture assisted in 


C Patten (1832-1921), 
of hardy apples, pears, 
Charles City, Iowa. 

several varieties— 

Patten, Eastman, Brilliant, SiIm Wilson, Iowa Beauty, and Umversity. 
A number of selections from his work are still being used by the Iowa 
station. 

Work in fruit breeding and variety testing was begun at the Iowa 
Agricultural Experiment Station, Ames, about 1880^ by J. L. Budd. 
The primanr objective was to secure varieties of fairly good quality 
that would be hardy and productive under the severe wmter conditions 
existing in Iowa. A large number of Russian varieties were intro- 
duce between 1880 and 1890 and tested at Ames. Most of these 
were not of desirable quahty although many were extremely hardy. 
The inherent hardiness of this group of apples suggested their vdue 
for breeding. That they transmit their hardiness to their seedlings 
has been amply demonstrated by the work at the Iowa station since 
1917. Budd^grew seedlings of many open-pollinated fruits during the 
period from 1882 to 1905. Fruiting records were not made, and the 
results of this earlier work are not available. In general, results were 
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not sufliciently good to warrant continued work with opon-poUinated 
seedlings. 

The oross-breedine work in apples was initiated by S A. Beach 
(fig. 7) in 1905, and large numbers of crosses were made between 1906 
and 1910. Further breeding work was not attempted until the crosses 
were fruited The seedlings began to fruit in 1916 and were descnbed 
and the results tabulated by H. 
L. Lantz, T. J. Maney, and others, 
under the direction of Beach. 

In an effort to bring the seedling 
trees into fruiting as early as pos- 
sible, top-working was practiced, 
with three to five different seed- 
Unf^ worked on suitable stocks 
While top-working was found to 
promote earUcr bearing, several 
difficulties developed. Some 
scions failed to make satisfactory 
growth because they were too 
heavily shaded by more vigorous 
neighbors. Records were diffi- 
cult to make because of confusion 
as to location of each graft on the 
tree. The growth habit of the 
tree could not be satisfactorily 
determined on top-worked ma- 
terial In later work, therefore, 
the practice of top-working was 
discontinued. The varieties that 
have been introduced to date as n 
result of the breeding work a t the 
Iowa station are listed in table 2 
in the appendix. 

After most of the crosses made 
by Beach had fruited, additional 
crossing was started and has 
been carried on with little inter- 
ruption. At the present time, 
about 13,000 seedlings are being grown to fruiting from crosses made 
smee 1917. A considerable number of these are now fruitmg. A 
summary of the parentage of these seedlings is published in the 
Transactions of the Iowa State Horticultural Society, 1935. 

Maine 

Breeding work was begun at the Maine Agricultural Experiment 
StatioUj Orono, in 191 1 , but no records of the earlier work are available. 
Approximately 1,000 seedlings of crosses of McIntosh, Golden Deli- 
cious, Delicious, Northern Spy, Wealthy, and Cortland are now grow- 
ing in nursery rows. Additional crosses involving the above varieties 
and Haralson and Scott Winter have been made during the past year. 
The objectives in this work are to secure hardy, hi^-quality vari- 
eties adapted to New England. 



Fifftre 7 . — Spencer Ambrose Beach (1862 
1922). As head of the horUcultural work 
at the New York (Stale) Agricultural Ex- 
periment Station from 1891 to 1905, and at 
the Iowa Agricultural Experiment Station 
from 1905 to 1922, he laid sure (oiindaUona 
for the apicndid work of both gtaliona in 
ihe breeding of fruit crops. 




Figftre 8 . — ^Tlie fruits of breeding. Apple onlMrds in the Shcndiidoah-Potoniac 
Valley section. 


include Baldwin, Gravenatein, Rhode Island Greening, Rolfo, and 
Stark. 

Mahylahd 

Breeding work at the Univeraity of Maryland, College Park, wa.s 
started in 1906. The objective at first was to produce early-ripening 
red varieties of good quality. A total of 1,073 seedhnm were grown 
priqrto 1917. In this group of beodliags, 13 were selected as promising. 

Since 1929, a limited number of seedh^ have been grown as a result 
of se^ produced in pollination work. Three hundred and fifty-eight 
seedlings, representing crosses of good-quality main-season varieties, 
are now growing in the experimental orchard. Typical western 
Maryland apple orchards are shown in figure 8. 

Massachusetts 

At the Massachusetts Agricultural Experiment Station, Amherst, 
a number of cross-pollinatea seeds resulting from pollination work have 
been planted from 1925 to date. These include crosses of Red 
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Astrnchan wth Cortland, Delicious, and McIntosh; McIntosh with 
Cortland, Delicious, Northern Spy, and Macoun; Northern Spy with 
Delicious, McIntosh, and Wealthy; Gravenstein with Wealthy; and 
Northern Spy selfod. 

Ml1VTVK«nTA 


Apple-breeding work supported by the State of Minnesota was 
started in 1878, when an annual subsidy administered by the board of 
regents of the university was granted to Peter Gideon for continuation 
of his breeding work. Apple breeding oi^inized by and completely 
under the control of the Aiinnesotn Agncultiirnl Experiment Station 
was hegun about 1890, under the direction of S. B. Green From 1890 
to 1905 several thousand seedhngs, largely of Kussinn varieties, were 
grown. In 1907 about 4,000 seedlings of Malinda, open pollinated, 
wore planted in the field About 300 of these haxe charactenstics 
either of hardiness or fruit (juabty of sufficient merit to be retained. 

From 1907 to 1912 approMmately 13,000 seedlings, many from con- 
trolled crosses, were grown In this group of material, 541 trees hax e 
been retained for further study Since 1918, 4,781 scedhng trees of 
hybrid parentage have been grown to fruiting in the breeding plots 
Ine princijial crosses are listed in table 3 m the appendix. At the 
present time, approximately 5,000 trees resulting from crosses made 
from 1921 to date are bemg grown to fruiting 

The primary objective in Alinnesota is the securing of varieties of 
good quahty that arc hardy under tho extiemely cold winters of that 
section. Several varieties introduced as a result of the breeding work 
are hated in table 2, in the appendix. 

During the past 100 years a number of individuals have contributed 
to tho list of hardy vaneties adapted to this section. The best known 
of these, Peter Gideon, began planting seed in 1854. He introduceil 
tho Wealthy, still one of the leading apple varieties of the Umted 
States, Peter, Gideon, and Gideon Sweet were other varieties devel- 
oped by him. Others in the State who have raised apple seeding for 
the specific purpose of developing hardy varieties mcludo G. H. 
Pond, of Bloomington; John Shaw, of Minnesota City; H. M. Lyman, 
of Excelsior; Amasa Stewart, of Lc Sueur County; Titus Day, of 
Farmington; Henry Stubbs; and others. A relatively large number 
of hardy apples have been named as the result of the efforts of these 


Apple-brewling investigations in Missouri are conducted both at the 
Missouri State Fruit Expenment Station, Mountain Grove, and at 
the University of Missouri, Columbia. Work at Mountain Grove 
was started in 1901. In 1935 the six varieties listed in table 2 were 
introduced. 

The primary objective in the early breeding work at tho Mountain 
Grove station was to obtain good storage varieties weU adapted to 
grovring conditions in Missouri, With this objective, the principal 
varieties used included Ben Davis, Winesap, Jonathan, Ingram, and 
Delicious. 

In the breeding work since 1923, the primary objective has been to 
produce late-blooming varieties with nigh quality. The principal 
varieties used include Kails, Ingram, Mother, Northern Spy, Jona- 
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thim, Delicious, David, and Golden Delicious Since 1923, 

1,821 seedlmgs of toown parentage have been produced and aio now 
growing m orchard form Most of these have not yet fruited 
At the Umversity of Missouri, at Columbia, some apple-bn eding 
work has been conducted since 1905 The \nnetyJVhitten, fiom an 
Ingram X Debcious cross made in 1905 hy J C Wlntten, was intro- 
diiced m 1925 This is a vigoious ti<6, a prolihc bearer, and has 
fruit above medium size, yellow blushed with red, and of good quality 
At the present time, 2,732 seedlings resulting from crosses made m 
1931 and 1932 at the State Print Expennunt Station are bemg grown 
to fruiting at Columbia This collection consists mainly of ciosses of 
Kmg David, Wolf River, Ingram, Alexander, Ralls, Twciitv Ounce, 
Rome Beauty, Jonathan, Golden Delicious, Debcious, Mother, 
Gravenstem, and Northern Spv 

New \oRk 

Breeding work with apples at the New loik (Stitc) Agiicultural 
Experiment Station, Gene \ a, w is started in 1802, and since, that time 
over 13,000 apple seedlings have been set in the orchard foi fiuiting, 
wnth nearly 2,000 additional now in the nuiseiies 0\ or 9,000 of these 
trees have been set in the oichaicl smee 1922, so the major part of the 
seedlings ha\ e not yet been tested In prodiicmg these 1 ') 000 soecl 
Imgs, 110 \arieties, 10 species, and 63 seedlings hive been used as 
parents iifty-five vaiieties and secdbnm hi\e been self-pollinated, 
but seedlmgs resulting fiom these self-poTbnations have lacked xigoi 
Vaiieties now known to be tiiplouls including Baldwin, (iraienstoin, 
Rhode Island Greening, and Tompkins Ivmg, hax e given only weak 
and worthless progeny Of the diploid vanetics, crosses of McIntosh 
have given by far the gieatest number of desirable seedlings Crosses 
of Northern Spy and of 'iellow Newtown generally produce late- 
maturmg fiuit Yellow Tiansparent has gixen early-iipening vaii- 
otiea tart in flax or Debcious and Deacon Jones have ^ven mostly 
mild-flavored fruits Results show that if large-fruikd seedlings are 
desired, large-fiuited paients must be used Sweet flax or appears to 
behave as recessive, but it is usually impossible to piedict just how 
flavors xvill bo transmitted 

Varieties used most extensively in the breedmg work are Bald- 
wm, 23 tunes, Cortland, 71 Deacon Jones, 26, Delicious, 38, Early 
McIntosh, 41, GravtnsUm, including Red Gravenstem, 27, Kendall, 

26, Macoun. 37, McIntosh, 18b Milton, 31, Northern Spy and Red 
Spy, 76, Oldenburg, includmg red sports, 39, Rhode Island Gieemng, 

27, Rome Beauty, mcludingred spoits, 57, Wealthy, 32, Yellow New- 
town, 30, and Yellow Transparent, 35 

The specific objective of the New York station is to obtain hardy, 
good-quality apples for dessert and cookmg that npen thioughout the 
season The most important single need is to secure a high-quahty, 
productive, late-keepmg red variety that is fully hardy under New 
York State conditions Tree character desired mclude early bearmg, 
hardiness to cold winters, self-fruitfulness, sufficiently late blooming 
to resist spring frosts, and resistance to msects and diseases 

A study of the chromosome constitution of varieties and seedlmgs 
IS an important part of the breedmg program Crossing of tnploid 
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varieties or of tnploid and diploid varieties has produced no new tnp- 
loid vaneties Chromosome counts on moie than 100 r^ultme seed- 
Imgs have been made, and all have been aneuploids, tiiat is, havmg^ 
chromosome numbers otlier than 34 or 51 More than 1 ,000 such seed- 
lings have been discarded for lack of vigor and fertility Table 2, in 
the appendix, lists the varieties introduced as a result of the breeding 
work at the Geneva station 

There is no formal breeding project at the New York (Cornell) 
station, Ithaca At present, ahout 100 seedling trees of McIntosh 
crosses, obtained mcidentally m polhnation experiments, are bemg 
grown to fiuitmg 

Apple-breeding work was begun at the Ohio Agncultural Expeii- 
ment Station, "Wooster, by J B Keil m 1915 Dunng that year and 
the year folloivmg, crosses were made from which 963 seedlings have 
fruited Of these, 25 have been selected for further study or for 
further use in breedmg 

Since 1929, some additional crosses have been made each year by 
F S Howlett and C W Ellenwood From these, 2,414 seedhngs 
are now being grown to fruiting These later crosses are pnmaiily 
between Delicious, McIntosh, Gallia Beauty, Northern Spy, Golden 
Delicious, Cox Orange, Jonathan, Eaopus Spitzenburg, Ralls, Rome 
Beauty, Mother, and some of tlie numbered selections that resulted 
from tlie earliei breeding ivork Table 2 in the appendix hsts 
five varieties locently introduced as a result of the bi ceding work in 
Ohio 

The specific objectives mclude (1) to obtam late-bloommg vaneties 
that will thus tend to escape the hazards of spnng hosts and frecres, 
and (2) to develop late-keepmg vaneties whose storage season will 
extend from Febniaiw until late spnng A considerable number of 
seedlmgs that bloom latei than Rome Beauty and Northern Spy, but 
for the most part denved from these two vaneties, have been ob tamed 

South Dakota 

Breedmg of apples and other hardv fruits has been a leodmg 
horticultural pioject at the South Dakota Agncultiiial Expeiunent 
Station, Broolon^, smee 1895 The primary objective is to obtam 
fruits of fair to good quality tliat are hardy under the extreme winter 
cold and frequent summer drought of the northern Flams area 
FuUy 10,000 ajmle seedlmgs of vanous pedigrees have been grown 
to fruitmg Much of this has been open-poUinated matenal 
Numerous hybnds between selections of wild crab apples and hardy 
cultivated apple vaneties have been made As a result of this breed- 
mg work, about 25 vaneties of crab apples and a considerable number 
of apples have been mtroduced The apples, with their parentage 
and charactensticfa, are listed m table 2, m the appendix Crab 
apples mtroduced mclude Alexis, Amur, Cathay, Beauty, Dolgo, 
Hopa, Ivan, Izo, Kola, Lmda, Maga, Mercer, Missoun Pippin. 
Nocaljrx, Olga, Red Tip, Sapinia, Shoko, Sugar, Tipi, Zapta, Red 
Flesh, Wakonda, Zelma, Zita, Zaza, Bison, Caputa, Wanblee, Wau- 
bay, and Amsib, 
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Agricultural Expori- 
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one from Northern Spy, and three f«>m Delicious appear to have 
horticultural value A number of crosses arc being made to secure 
late-blooming, liigh-nuality, and highly colored \anotios Kight 
hundred fifty-six seedlings of Ralls X Rome Renutv, 022 seedlinns of 
Ralls X Mother, and 1,234 seedlings of York Imperial open-pollimi ted 
are now growing in tlio nursery row . 


United States Department or AgricuiiIure 
A limited amount of apple breeding has been done by Department 
of Agriculture workers From 1912 to 1920, C. T. Close hybndi/ed 
early varieties with the objecthe of securing early good-quality 
vanetics in season with Yellow Trans])nrent, or befoie, and prefeiably 
caning red color. The vaneties used included Yellow Transparent, 
Early Harvest, Early Ripe, Red June, and Red Astiuclmn About 
400 seedlinM representing hybrids of these \ arieties have fruited in 
the orchardf 

A number of early-ripening selcctnms June been made Sc^on of 
these selections, carrying red color and ripening with Yellow' Trans- 
parent or earlier, hn\e been distributed for expeiimentnl testing 
Yellow Transparent has tended to be an excellent parent in the trans- 
mission of shape, si^e, and season of ripening 

Approximately 600 seedlmg trees oi crosses made from 1927 to 
1929 are now coming into fruiting at tlie National Agricultuial 
Research Center, Bcltsville, Md These repiesent ciosses of long- 
keepmg varieties made with the objective of securing good-gualitv, 
long storage-season types. The principal parents include Vnnoaap, 
Yellow Newtown, Granny Simth, Vandervere, and McIntosh 
Promising bud mutations of possible horticultural value onginating 
in various parts of the United States arc being grown for comparative 
testmg at lieltsville The oldest of these selections have now' been 
planted in the orchard 4 years Additional plantings have been 
made each year as additional material has been collected Four 
trees propagated from each mutation are grown in comiianson with 
parent varieties. In the orchard at tlie present time are the follow- 
ing bud sports- Baldwin 3, Delicious 30, Gravenstein 6, Jonathan 
4, McIntosh 4, Northern Spy 3, OldenbuiK 5, Rome Beauty 15, 
Stark 2, Stayman Winesap 9, St. Lawrence 1, Summer Queen 1, 
Twenty Ounce 1, Willowtwig 1, and Winesap 20 

Work to develop hardier and better fruits for the northern Great 
Plains area has been in jirogress at the United States Northern Great 
Plains Field Station, near Mandaii, N. Dak , smee 1916 A largo 
number of Wealthy and other apple and crab apple seedhngs have 
been grown. Several selections from tliese have been propagated 
and are being given further test. None bus as yet been named 
This method of growing quantities of apple seedlings of unknown or 
partially unknown parentage lias been discontinued during recent 
years, and seedlings of known parentage are being produced at the 
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present time. About 10,000 apple trees of known pnrentnpe are 
now growing, but only a small part of these have reached bearing 
age. 

A considerable amoimt of hybridizing between the Siberian crab, 
Malus baccata (L.) Borkh., and standard apple varieties was done 
in earlier yeuis. These crosses have resulted in seedlings that are 
hardy and vigorous but have generally small fniits. The varieties 
being used moat largely for hybridizing purposes include Wealthy, 
Oldenburg, Red Duchess, McIntosh, Delicious, Stacking, Yellow 
Tran^arent, Haralson, Anoka, and the crab apples Dolgo, Florence, 
and Wlutnoy. ^ppy ^ BREEDING IN CANADA 

Beginning in 1889, a major program was started to develop superior 
apple varieties sufficiently hardy to withstand rigorous weather con- 
ditions in all parts of Canada At the Central Experimental Farm, 
Ottawa, seed of Russian varieties planted in 1889 gave 3,000 trees 
From this work, only one variety worthy of mention developed — 
the Rupert, an apple a little earlier than Yellow Transparent and 
equal to it in quality. 

The next stc]) was the crossing of the Siberian crab with named 
Russian and Amencan apple x-arietics Fruits of the first-generation 
progeny were all under 2 inches in diameter These, recrossed with 
apple varieties, ga\ c fruits up to 2 % inches in diameter but lost some 
of the hardiness of the first-generation hybrids Most of the fruit of 
the first-generation hybnds retained the crab characteis — ^long, slender 
stem; thin, tender skin; and firm, ensp, breaking flesh. 

Cross-breeding with better xarieties xvas begun in 1898 Since 
tlien, 253 different combinations with 66 different varieties have been 
made The x arioty that has been outstanding ns a parent is McIntosh 
In one block of 159 trees from open-pollinated McIntosh seed saved 
in 1898, 27 varieties of sufficient promise for naming were developed 
Among these are Melba, Joyce, Macross, Hume, and Lobo. In more 
recent years, McIntosh has been crowed with the finest quality 
varieties available. Much of this material has not yet fruited. 

In addition to this work earned on at the Central Experimental 
Farm, breeding is also conducted at the Ontario Agricultural College, 
Guelph, Ontario, and at the Horticultural E.xperimcnt Station, 
Vineland, Ontario. At Guelph, several thousand seedlings, repre- 
senting mainly crosses of the McIntosh, Northern Spy, Wealthy, 
Wagener, and several other varieties, have been fruit^ At Vine- 
land, more than SjOOO seodlinga have been grown since the work was 
started in 1915. These represent 130 crosses between varieties, and 
seed of 65 crosses and selections open-pollinated. 

In more recent years the_ attempts to secure extreme hardiness 
have been centered at experiment stations in the prairie Provinces, 
namely, the Univernty of Saskatchewan, Saskatoon, Saskatchewan, 
and the Dominion Experimental Station at Morden, Manitoba. The 
most extensive project is at the Uniyersity of Saskatchewan. Prior 
to 1930, more than a quarter of a million crosses of apples had been 
made at that place. The female i>arents used have been the Siberian 
crab and the hardiest of the hybrid crab apples such as Osman, Co- 
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lumbia, Pnnce, ChMles, Tony, and Majrnus The appk vaiielus 
have included Meintohh, Melba, Wealthy, Oldenburg, St Lawrence 
and Yellow Transparent ’ 

The largest collec tion m Canada of the haidiest vane tics of apples 
and crab apples is at the Dominion Kvpenmcntal Station at Moiclcn 
In 1916 some 27,000 opcn-pollmatcd seedlings fiom the hardiest 
Kussian and other varieties of apples weie planted Se\ ti nl tliousand 
of these have frmted, and many are being tested m the piaiiie 
Provmoes 


A hnuted amount of bieedmg work is under way at tlie Dominion 
Expoiimental Station, Summeiland, British Columbia This woik 
consists of crosses of high quahty and long stoiage apples The 
principal parents used are Me Intosli, Yellow Newtown, Wmesaji, 
Dehcious, Golden Debeious, Home Beauty, and Giimes Golden The 
earhest of these seedlings aie just coming mto frmting Slac ouii 
summarized the first 40 years of apple bi ceding woik m Canaela, 
with the comment that the time should not be fai distant when there 
will be varieties of Canadian apples suitable for all paits of that 
country wheic faim de\elopment is possible Lxpciiencc with 
breeding apples m Canada mchcatcs the following conclusions, 
acc ording to Mac oun {IS) 


(1) To originate c\trt mol V haidy ipuUs 

(a) Cross the apple with the wilci Sit cr in c'lsb 'iiui ricr vs tlic huicliist 1 1 
with the apple 

(b) Sow seeds of apples that are 1 irU in otl tr vccliois 1 iviig sc mm 
climatic conditions 

(2) To originate apples hiving harhucss vigor pi clnctivei css tf ticc iii 1 
high quality, good size and appeal snee cross vane ties having in ist f the cl ar 
acteristits desired 

(3) In cross breeding where quality is an important factor en vs two varieties 
that arc both good or very good in quahty In ciossing a vai lety c f g ii d quality 
with one of inferior quality, the Ij v ill ne irly always leai fruit if me choc n 
quality 

(4) Use pare its that have been found by other bree h rs t > traiisiiiit tl tii de sir 
able characters to a large degie e 


APPLL BKLLDING IN lUROPh 


Thl work of Euiopean agencies in apple biooding is siimmaii/ed in 
the appenehx Tbissummaiyincludeswoik with the othei tiee fruits 
as well as apples, since in most cases several fiuits aie. involved in a 
smgle more or less unified bieedmg piogram 
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APPENDIX 

The following summary includes the more iinportsi t fruit breeding stations in 
Euroiie „ 

CzbCHOSLOVAKIA 

Pruhontce Slate Institute for Horticultural Research (director Ing Fr Lan 
dovsk^, chief DiMsion of Fruit Trees and Nurseries Ing J 8ou6ek) -Objective 
To secure fruits of better quality with good storage and utilisation properties 
Ledmce Morava turst Liechtenstein Plant Breeding Institute (director Prof 
Dr Ft Frimmel) — Fxtensive breeding investigations of apples and peaches are 
being conducted Crosses of several apple varieties are at fruiting age and are 
being tested m comparison with standard varieties 

LNGLAin> 


Long Ashton Agricultural and Horticultural Research Station University of 
Bristol (director Prof B 1 P Barker) — In connection with general fruit investi 
gations the station conducts breeding mvestigations on apples pears plums and 
bemea Several (U>ple vaneties one pear and four plums have been named 
and distributed The objective in the breeding work is to produce high quahty 
dessert vaneties 

East Moiling, Kent Horticultural Research Stalxon (director R G Hatton) — 
Breeding mvertumtions include the following pnnoipal hnes 

(l) Apples — Production of rootstocks immune to woolly aphis and eonfemng 
disease resistance on the scions, production of fruiting vaneties resistant to 
woolly aphis, production of commercial vaneties npenmg at times when present 
Engh^ varletiM are not available 
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(2) PZUW9— Production of new vanttit, of ro.tstoe]v thit propagate nathly 

and confer resistance to silver leaf and to bacterial dieback disease s ^ 

(3) Pears — Pr^uction of improved vanctus of quince stock compatible with 
pear varieties, and production of commercial pear vaneties of high quality 

Merton, John Innes Horixculturai JnUtlulton (dinetor bir Daniel Hall) Tho 

mbtitution la engaged pnmanlv in genetic and eytological research from the 
standpoint of pure science Wlien tho invcbtigations on inheritance in fruit 
produce vancties of promise for commercial cultivation they are selected and 
given an extended try out 

(1) Apples — Four thousand seedlings and varieties provide data for the study 
of the mhcntance of characters About 40 are under extended tests as market 
vaneties Breeding of rootstocks resistant to woolly aphis earned on in collalmr 
ation with the Last Mailing station, has yielded seedlings of promise now 
under trial 

(2) Plums —A largo number of seedling plums are bcini, grow i in the stii ly < f 
inhentancc of characters particularly of self incompatibiht> St lecte d si t Ihi gs 
are under tnal for commercial value 

(3) Chemet, — A large niiniber of vanities of sweit cheiry liavc been rustti in 
the study of cross incompatibility some of which are now under coinnicrcial tnal 


lierltn Inslxlui fur gai Inert chen Pfiamenbau F tedrtch ]^tll d t Vnwersxlal 
(director, Prof Lnih Maurer) Breeding of tree fruits consists of the si lietii ii 
of vegetatively propagated rootstocks for apples, pears sweet cherries and 
plums Around 3 000 cloi s are under observation 
Berlin InsiitiU fur Ob tbau fnt I teh Wilhelms Univcrsitnt (din ctor Prof 
Prwm Keniiner) —Investigations on tin value of seedlii gs of vineties and from 
the wild stocks for stone fniits a d points 

Gnsenheim a Rh Versuch und f or ehungsan t dt f ir W ein Obst uni Garten 
bau (director Pref Dr RndlofT) — Breeding of tne fiuits has bieii c inducted 
since 1884 A senes of new atiple and pear vanitii s has been di veh pt d tint ugh 
growing open pollinated stt llings of named viriities or thr ugh bybridi/ation 
of named vanetits Twelve vaiietits of pear ii d seven varieties of a) j k have 
been named 

Muneheberg (Mark) Kaiser Wilhelm JnsMut f r / uekt tngsfor eh mg (diieelor. 
Prof Dr Riulorf) — An intensive program of investigation p irtieiilarly 1 1 di velop 
chbcase resistant vaneties of finits In the apple work the inipi itant bji i tivcs 
are to si cure greater resistance to apple scab and to c ild and fr ist and t > develop 
high quality market and table variitiis In the w nk on scab resistanie mass 
infection of the seeilliiijm of crosses lx.twecn lultivated vaiietiis and suib resistant 
apples IS practiced Over lb 000 apple seedlings are under obsi i vation in this 
work 

(1) Pears — The important objtctivcs arc to di velop ixars nsistant to jaar 
scab and to ili velop high quality large sized summer pears llie tchting if 
resistance to scab is similar to that of apples Jour thousand pear seedlings are 
under obseryation 

(2) Chernes — One objective is to secure chemts resistant to brown rot A 
large number of crosses of swcit X sour varieties have been tested lists of the 
cross and self sterility of the fi hybrids of sour X sweet cheriiis are also being 


niatlc 

(3) Plums —Testing of strong growing seedlings of Prunus eerasifera horn 

western Asia for their resistance to unfavorable chniatic conditions their ailapta 
tion vigor, productiveness and frmt qiiahty These are being crossed with other 
types of plums (jbscrvations are made of a large number of seedlings of crosses 
between Mirabclle and Rcme Claude types ^ , . . * , ■ 

(4) Aprieols — Seedlings of the vigorous wild apricot of Asia are being tested 
for their resistance to climatic conditions, adaptation, vigor, product! vent ss, and 
fruiting value and are being crossed with cultivated vwietics 

(5) Peaches— A large quantity of seedling matenaJ of vaneties Md erossM 
between vaneties is being tested for the resistance of the buds againrt late frMts 
and winter temperatures and the resistance of the trees agamst peach leaf curl 

Zwetgsielle, Naumburg (Saale) Biologis^ Rsichsans^ fur Und und Fwsf- 
mrtseh^t (director. Dr Boiner) — fhe objectives ^ the development of high- 
qualityappl© vaneties and of stocks that are highly resistant to wooUy aphis, 
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mildew and scab A large number of Ti hybrids between resistant wild types 
and cultivated vanetics are under observation 

PiUnttt a d FVbe ttlaoUidte Versuehs vnd Forsehung<ianstaU fur Oartenbau 
(director, Prof Schindler) — Investigations on understocks for apples, pears 
quinces, plums, cherries, and peaches The objectives arc to obtain good con 
geniality oetween stock and scion and to obtain cold resistance and goodpropaga 
tion quabties for the production of cl >n stocks 

SWEDI ^ 

Alnarp Lantbrukk \ffjen oeh TraigArdnnstUul (director I Porsberg) — 
Investigations are conducted with apples pears plums and cherries fepeciallv 
hardy apple varieties producing large yields are crossed with those of fine quality 
but not Wrdy in central and northern Sweden A total of 3 750 seedlings, repre 
senting 136 combinafiins are being grown Croshcs lietwceii trinloid and diploi 1 
strains have yielded some trees that show promise Crosses have been made 
between pear vaneties for quality and pioductivencss involving 41 combinations 
and 570 individual trees 

In plum and cherry breeding difficulty lias lieen cxporicntcd m obtaining satis 
factory germination Oiilv one promising tvjie of plum has been secured to dat 
A small number of crosses between soft fleshed high yielding early lieanng 
elierrv varieties and the hard fleshed sweet vaneties have lieen made 

Union of Soviet Sotialisi Republics 
During the past decade plant explorers from the Soviet Union gathered a 
central brooding stati ms in that country much of the available material of the 
world that may bo of promise for production there or for breeding purposes 
Under the direction of the Institute of Plant Industry 14 plant breeding centers 
have been set up in different parts of the Union At those centorb fr iit breeding 
to develop varieties adapted to the different parts of the Union constitutes a 
major line of investigation Genetic and cyl ilogical studies are being made 
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Table 1 Ongm / iniiiortant apple varutm — Cdiliniin 




606 YEARBOOK, 1937 







608 YEARBOOK, 1937 

Tablb 2 — Apple vanetiea developed in breeding toork at ag^cultural experiment stations 
m the United States — Continued 
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Tablb 3. — Apple c rossti of u hrh five trei \ or man have frmud, and number of piomtt- 
mg seedhngi multmg, in hretding notk at '>tatc experiment stations 
in the United States — < onliniinl 


Ben I)avi!> X LoneHeld 
Ben Di\is X McIntosh 
Ben Divia X Mother 
Ben DBMS X Home Beciilj 
Ben UnisX ''cott Winter 


Black Anncllo X sJonit 
Black Annette X I tter 
Bluk Ben X Jontthui 
Btick Ben X HmfC Dovid 
B1 lek Ben X McIntosh 
Bluk Ben X Oldiiiburtt 
Black (lilliflotterX lleliiicii 
Bloom held X Uehcious 
Bloomfield X Oldenburt. 

Boiken X ( harl unofT 

Bciken X (Irasenslein 

T niken X (Inmes tiolden 

Be iken X Macoun 

Broken X McIntosh 

Boiken, 01 en pollinsled 

Broken X Wealthy 

Briar X Mercer 

Brilliuit X Black Annette 

BriUitot X M ihnda 

( inadi Baldwin X Black Annette 

( aiiada Baldwin X Patten 

< anada Baldwin X Winesap 
( hirlimoll X Black Ben 

t harlamolT X Dchcioua 
( harlomoff X Junulhan 
( hirlamofl X ''I lynian W inesip 
( henanyo X Lodi 
C olorado Orange X Allen ( hoicc 
( olorado Or inge, oi en pollinated 
r olorado Orange X Jonathan 
( olorado Orange X Oklenhiirg 
( ortland X ( nmson Beauty 
t ortland X Kendall 
rortland X McIntosh 
Cortland X Bed bpy 
Cortland X Yellow Newtow n 

< ox Orange X Golden Delicious 

Cox Oraw X Sta^SsM (I ymans Ked Fleshed ojain iml 
linated) 

Cox Orange X Medina 
( ox Orange X Newfane 
Uaru X Ingram 
Deacon Jones X Chenango 
Deacon Jones X Delicious 
Deacon Jones X Kiiue David 
Deaoon Jones X Mdfer Beedhra 
Deacon Jones X Northern Spy 

8»"(Deacon JonesX Wroilthy) 

DeaMn Jones X IM Sauce 
Deacon Jones X Wealthy 
Deacon Jones X Yellow Newtown 
Delicious, selfed 
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1 ABLB 3 — Apple crosiet of uhuh five trees or more haoefrmted, and number of promt* 
tng leed/ingg resulting, in breeding work at Stale experiment stations 
in the United S^aUs — Tontinunl 


Uetuiou X Allen Chnicf 
Ueliuous X Babbitt 
DeboioU!> X Darn 
DeUdoua X Deacon Jone^ 

Deltiinus X t lopua ‘Ipltrenburg 
Delicioua X Hibernal 
Deliiioua X Ingram 
Delicioua X Jonathan 
Delicioua X Okabena 
Delinoua X Oldenburg 
l)ela\anX(lemoiuNo 1 
Dina Iddie X Northern ‘^py 
Dotao (crab) X Delitioua 
Dudley X Scott W inter 
Early Har\ebt X illlsma 
Early Mclntoeb X C ox Orange 
Early Mointoeh X Deacon Jone<' 

Early McIntosh X Pnmate 
Early Mclntoeh X Red Spv 

Early McIntosh X sta MS (Red ( aiuda X Yelloi 

Ear™°lScdnt<^ X hla JWl (Montgomery X Kel A< 
trachan) 

Early McIntosh XSta 3 'S (Montgomery X ^ ell >« 
Transparent) 

Early Ripe X Early Harvest 
Early Ripe X Red Astrachan 
Early Rifie X Williams 
Early Ripe X Y allow Transrcrent 
Etopus bpitsenbucg X Ben Davis 
Esopus Spitsenburg X Yellow Newtown 
t sopus Splttenhurg X Rome Beaut v 
Esopus Spluenburg X W agener 
Eameiue X Hut bardston 
Oano X Bdtimore 
Oolden Delicious X King David 
Uolden Deliuous X Red bpv 
Golden Delicious X Yellow Newtown 
Qravenstein X various varieties 
Gnmea Oolden X Akin 
Onoies Oolden X Boiken 
Orimes Oolden X Louise 
Orimea Oolden X Okabena 
Grimes Oolden X Oldenburg 
Orunee Oolden X Red June 
Onmes Oolden X Stayman M inesap 
Orimes Oolden X W ealthv 
Onmes Oolden X M bate Pit pm 
Orimes Oolden X bta 704i 
Harrington X Delavan 
Harrington X Iowa 
Harrington X Ralls No IH 
Helen openboUlnated 
H bemalX Deliuous 
Do 

Hyslop X Lady 
Ingram, aelfed 
Ingram X Delicious 
Ingram X Jonathan 
Ingram X Lily o( Kent 
Ingram X Rome Beauty 


Ueneva N \ 


North Dakota 
Iowa 

Maryland 


Mainland 

do 

OenevB N Y 


Geneva N Y 


Marylanl 
Ueneva N Y 
Ohio 


Minnesota 

Mmnesota 
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i 3 — Apple irotses at uhtchjive trees or more hate Jruiud, and number ofpiomis- 
mg leedlmgi resulting, in breeding work at Stale experimint stations 
in the United Stalls C onliiiiicd 


Jonathan X F wpna '^pltIenbIlrk 
Jonathan x Hibernal 
Jonathan X Jersey B1 «.k 
Jonathan X Okabena 
Jonathan X Oldenburg 
Jonathan X Patten 
Jonathan X Kome Beauty 
Uo 


Jonathan '< Yellow Newtown 
King Uaa id X C harlamolT 
kint, David, open pollinated 
King Da--* ■ 

King Di 

King David X Onmes Golden 
King D laid X Okabena 
King David X Oldenburg 
Kinne No li, selfed 
Kinne No IJ X ( lemons 
Lady X Wealthy 
I iwverXMi Intoah 
1 ongfleld X Oano 
T ongheld X Mountain Beet 
I ouisc X Jersey B1 iik 
Lymans Red t lesbed 
Macuun X Deacon Jones 
M Koun X Northern fapy 
Ma den Blush X Deluioua 
M ilinda, open pollinated 
Mrlntosh solfed 
McIntosh, open pollinated 
McIntosh X Ann, Itoso 
Me ntosh X Baldwin 
Me ntosh X C irlton 
Ml nt^ X f ortJand 
Me ntosli X Cm Ornnke 
Me ntosh X ( nmson Beauty 
Milntosh X Deacon Jones 
Mt ntosh X Deliuous 
McIntosh X F arly Melntosh 
Me ntosh X Oolden Delicious 
Me ntosh X Jersey Black 
Me ntosh X King David 
McIntosh X I awver 
McIntosh X Lodi 
Me ntosh X ' 

Mr ntosh X 


X Longllelil 
X Miller Sow 


McIntosh X Rhode Islind Oreeninc 

McIntosh X Red bpy 

McIntosh X Rome Beauty 

McIntosh X Sta 1297 (Deacon Jones X R eilUiy) 

McIntosh X Sta 1898 (Dehcioui, X Deacon Jones) 

McIntosh X bta J9M (Deacon Jones X Dchi lous) 

McIntosh X Wealthy 

McIntosh X Yellow Iranspannt 

McIntosh X Zusoff Winter 

Miller Seedless, selfed 

Miller heedless X lie^n Jones 

Miller beedlesB x Rome Beauty 

Miller Seedless open pollinated 

Milwaukee X Jonathan 

Montgomery X Red Astraeban 

Montgomery X Yellow Pransp irent 

Mother X Bonum 

Mother X Qrixnefc Golden 

Mother X Jonathan 

Mother X Ralls 

Moontain Beet X Jonathan 

Mountain Beet X Ralls No 18 

Mountain BeetX Repka Malenka 

Northern Bpy X Co^and 


Mount tin Grov* Mo 


Minnesul t 
<leui\ i N 
Mmnc oti 
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^haie fruited, and niimbir of pnmus- 
n •state experiminl stations 
onhnued 


Itome Beanty X * lopua fapilrenhurg 
Home Beauty X Jersey BIulL 
Home Beauty X Jon ithan 
Rome Beauty X McIntosh 
Home Beauty X Northern spy 
Do 

Home Beauty >^l(lonburx 

Home Beauty J^pUeaecnt 

Home Beauty X Yellow Newtown 

Home Betutv X Wealthy 

San Jacinto X hrepus bpitrenlmn, 

s in Jacinto X '’I'lrr 

San Jatmto X illiams 

Sin Jacinto X Yellow Ininspmnt 

Stott W inter X balome 

silken leatX Delicious 

St lyman \\ mesap X Black Btn 

St lym in W inesap X Qriinea Uol ten 

siitton X Ntrthem Spv 

I olm ui bueet X Ben Das is 

W i(,i nu X Grimes GoMen 

W iM ner X McIntosh 

Wakcner X Koine Heiuty 

W ashinitton Black Beauty open [Hillin ilc 

\teilthy selfed 

tt ailthy X Allen Choice 

^\el thy X Biltimore 

Weilthy X Ben Dasis 

Wealthy X Clemons 

Wc iJthy X Color iclo OrHni,i 

Wealthy X Delieiotis 

Wbilthy X Gann 

Wealthy X Jonathan 

Wei thy X 1 arty 

Wealthy X Okaheni 

Wea thy X Olclont-urt, 

Wealthy X Roman stem 
Wealthy X WolfRistr 
Wealthy x Sta TtMS 
White Pippin X Grimes GoMen 
Williams X Yellow Transpuiul 
Wiuesap X Anisim 
W ineaap X Grimes Golden 
Winesap X Jonathan 
Wines ip X Wlllowtwilt 
W olf Riser X Allen t hoite 
W olf Riser X Hamni,ton 
Wolf Riser X > ellow Transparent 


Minmsoti 

Minnosoii 
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Table 4 — Locatmu and personnel of apple-breeding loork m the United States — Con 



PROGRESS IN 
PEAR IMPROVEMENT 


J R MA6NESS, Pruiapal Pmncdogigi 
Division of Fruil and VegPtable Cro(B 
and Diseases Bureau of Plant Industry 


X HI pPHi, like the apple fust canu to iis fioin westun Asia by way 
of Eiiiopean counti les Its histoiy m Euiopc closely parallels that of 
the apple Appai ently indigenous m the i egion f i oni the Caspia n Sea 
westward into Euiope, whence so many of om fiuits came, the peai 
was doubtless used as food long befoie agiicultuie was developed as 
an mdustiy Ilednck, m the Pears of New Yoik, gives an e\cellent 
summary ot its histoiy and development during the last 3 000 ytais 

Nearly 1 000 yeais befoio the Chnstian Era Homer listed pears as 
one of the fruits in the gaiden of Alcinoire, thus mdicating that they 
wcio known to the Greeks of his day Pnor to the Chiistian Era at 
least a few vaiitties weio known Theophrastus (170 28b B C ) 
mentioned both wild peais and cultivated named vaiieties and de 
Bcnbed giaftmg Pliny, of ancient Rome, named moio than 40 
vaiieties With the nugrations of the Romans the peai was (hstiib 
uted throughout temperate Europe 

At the time of the discoveiy of North America a numbei of vaiietus 
were known m Italy 1 lance, Germany, and I ngland, but there was 
little progress in the culture of the pear, at least as fai as is known 
iiom the early Chiistian Era until about the beginning of the sixteenth 
iintuiy 

Dunng the eighteenth and iiuuteenth tiiituncs, theic was a tre 
mendous mteiest m pear breedmg and impiovement, partuularly m 
Bilgium and France Hardenpont (1705 74), a piiost m Mens, 
Belgium, sowed large quantities of pi xr seeils and mtiodui id a do?in 
vaneties having soft, meltmg, butteiy flesh Pnoi to his tmio only 
types with ensp, breakmg flesh were known Whether or not he 
did any hybndizmg is not known Van Mons (1765 1842) a physi 
Clan and pharmacist at l-iouvam Belgium, developed pear breedmg 
on a large scale At one tune 80,000 seedhngs were giowmg m his 
gardens He ongmated or distributed over 400 vaneties, 40 of which 
have proved of lasting nient 

Many other Belgian and French pear breeders were workmg on a 
smaller scale and mtroduced vaneties of great value The nmeteenth 
century may well be considered the golden era of pear breeding in 
these countnes Most of the breedmg consisted in plxntmg seed of 
open-polhnated vaneties and m selectmg the supenor types 
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The pear in Europe today, derived from Pyrus communis L., 
takes its place beside the apple in total production, in diversity of 
varieties, and in popularity. It is far more popular in Europe than 
in the United States. 

THE PEAR IN NORTH AMERICA 
The early history of pear growing in North America parallels that 
of apple growing. Pear seed was brought to this country by the 
early settlers and possibly trees of some varieties. Pear trees were a 
part of the early colonial orchards. The Prince Nursery catalog 
listed 42 varieties in 1771. 

About that time, however, fire blight or pear blight, the scouige 
that has frustrated the development of the pear mdustry in the 
United States ever since, became epidemic. William Donning, 
describing the disease in 1794, says he first saw it in 1780 in orchards 
of the Hudson Valley. How much earlier it might have occurred 
we do not know, neither are wo sure where it came from. It seems 
most probable that it was present in some native host and became 
epidemic only when considerable orchard development occurred. 
Not for another century was the cause of the disease known. In 
1882, Burrill, at the University of Illinois, discovered the cause of 
fire blight to be a bacterium working in the bark tissues. 

The disease, which attacks roots, crown, trunk, limbs, blossoms, 
fruit, and leaves, proved such a menace that pear growing with vari- 
eties from Europe, or with seedlings produced from them, never 
developed to a major industry in the eastern United States. Only 
m a few sections having relatively cool summers and mild winters 
has the culture of the Euro^an type of pear been successful in the 
Eastern States. Such conditions are found in relatively narrow 
strips on the south and east sides of Lake Michigan, Lake Erie, and 
Lake Ontario. Elsewhere the warm, humid summers have been so 


ALL of the known species of pears are native to Europe, Asia, and 
northern Africa. There are no native American species, and none 
are known in the Southern Hemisphere. Within these species and 
varieties, however, we have all the characters needed to produce pears 
suitable for this continent-fruit of higft quality, winter-hardy, and 
above all resistant to fire hli^, the scourge that has made the grow- 
ing of superior pears impossible throughout much of the United 
States and difficult even in favored reffions. To cmnhine these 
chanters properly constitutes a great chaUenge to the American 
plant breeder. He has made a small but premising start, and if, 
with the raw materials avaUaUe, the problem is not solved within 
the next century, it wiU indeed be a reflection cm his scientific 
ability and energy. 




favorable for fiie blight that the development of commercial orchards 
with these types of pears has not been \ery successful (fig 1) 

An event of great unportance from the standpomt of eastern pear 
growing was the mtroduction of the Chinese or sand pc ir into the 
IJmted States The sand pear (Pyrua <ter tina Behd ) was growing m 
the Umted States by 1840 appiiently hi\mg come m by way of 
Furope These pears are relatively resistant to blight Thej aie 
course fleshed, generally contim many gnt cells and aie thenisehes 
of veiy inferior quahty Because of tluir bl^ht resistance however 
they were rather widely dissenmiated ovei the eastern Umted States 






Iigure 1 —Pear orchard destroyed by fire blight 

Soon hybnds between the sand pear and P commvma varieties began 
to appear The Le Conte defier Garber Douglas and more 
recently the Pmeapple are the most important of these hybnds 
All of these are very infenor m quahty as compared to the buttery 
pears of Europe They are sufiicuntly resistant to bl^ht however 
to permit growing in most parts of the eastern I nited 
are widely planted m home orchards and in small commercial 

Another event of importance was the imiiortation of 
of vaneties from nortliem Russia Smeo 1879 P 

ment was made 70 to 80 vaneties have been brought 
Iowa and other northern sections T^ose are hardy b g 
poor “quahty and very subject to blight The v are of value only 
for breed^ for hardmess and probabfy some of for^t^ 

that combine hardmess and blight resistance are supenor for this 
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In the United States the greatest development of pear ^wmg lias 
centered m the moderately warm, dry valleys of the three Pacific 
Coast States Pears weie established m Cohforma long before that 
State became a part of tlie Union, havmg been introduced by the 
Mission Fathers with the earliest ifvbito settlements In the valleys 
of the Pacific States, wheie there is httle summer ramfall and the 
nights are relatively cool, fire bhght is less rampant than m the eastern 
Umted States Most oi the European vaneties reach a high degree 
of perfection m these areas Although bhght is a constant menace 
m many of the sections at the present time, methods have been devel- 
oped so that it is possible to control it commercially, chiefly by means 
of careful surgeiy 

The principal peai vaneties giown m the United States today are 
listed m the appendix, with notes on their oiigm 

It IS apparent that, m contrast to apples, out highest quahty pear 
vaneties nave mamly been imported directly fiom Europe Tlie 
most important — Bartlett, Anjou. Bose, and Winter Nehs— are all 
direct European impoitations Among our leading vaneties, only 
those selected pi imanly because of bhght resistance have ongmated 
in the Umted States These mclude Seckel, a bhght-rcsistant vanety 
nppaiently of straight Pyrus commums oiimn, and tlie P commnni'i 
X P serotina hybnds Pluiopean breeders nave worked with pears to 
a far greater extent than with apples, and in all lespects except resist- 
ance to file bhght thou best vaneties have so fai piovcd supoiior to 
those that have developed as chance seedlings in the Umted States 

Objectives in Pear Bbi-eding in the United States 

One objective stands out above all otheis in the bieedmg of pears 
m the Umted States This is to secure resistance to fiie bl^ht, com- 
bmod with satisfactory dessert quahty In ftw regions east of the 
Rocky Mountains can vaneties be giown successfully unless they have 
a fairly high degree of bhght resistance Vaneties available at the 
present time that have fair bhght resistance — piunanly Pyrus com- 
mums X P '^eroHna hybnds — aie all of infenor quality as compaied 
to the bettei P commums vaiietus Tlie sei uimg of blight resistance 
coupleil with quahty is important in evciy section of the Umted States 
and 18 the predominent need m at least throe-fourths of the potential 
pear-growmg tenitoiy of the country 

A second and more localized objective is the sccuimg of additional 
haidmess in pear vaneties for growing m the northern Groat Plains 
and othei aieas that have veiy cold wmters Vaneties of Pyrus 
communn, havmg good dessert quahty do not possess sufficient hardi- 
ness to thnve m those regions 

Bhght-resistont vaneties ore needed that also have high dessert and 
culmary quality and that npen at mtervals from early summer imtil 
late fall Late-npenmg vaneties with good storage quahty are espe- 
cially needed At the present time no vaneties are available that have 
these characteristics and are adapted for growmg east of the Rocky 
Mountams Vaneties of European or^m meeting these qualifications 
are grown successfully m the Western States, but even there the prob- 
lem of blight control is of tremendous importance and mvolves a 
heavy expense to growers. 
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B^tstocks are also "needed that combine bliglit resistance with 
satisfactory hardiness, congeniality to scions, and adaptation to 
environment Fire blight frequently attacks the roots as well ns the 
tojjs of the tiees, and rootstocks that are bhght lesistnnt nio a primary 
need in most regions of the United States ivliere pear giowinj: is 
attempted 

Material Available for Pfar Breeding in thl Uniii-d Siaii-s 


The cultivated pear varieties of Europe, ilenved fioni /S//ms com 
munu, generally produce fnut of high qu ilitv Siipi nor \ ai leties pio- 
duced by European breeders have the butteiy texture, relative free 
dom from gut cells, and aromatic to spicy flavors neided in ptais of 
high quahty While these vaiieties vary consideiably in blight lesist- 
ance, none of the high-quality Euiopevn sorts are known to be suffi- 
ciently resistant to thrive m the regions where blight is most seiious 

The snow pear, Pyrva mtaha Jacq , native to southern Europe and 
cultivated there for making periy, the fermented pear luice popular 
as a beverage m Europe, is not cultivated m the United States Trees 
of this species aie very susceptible to blight, and it appears to have 
little meiit as breeding matenal except possibly for developing perry 
typ^ if a peiiy mdustry should be built up in this country 

The sand peai , Py/ us <teiohna, is native to central and eastern C lima 
snd IS cultivated in China and Japan The fruit is hiavily iiisseted 
and commonly apple shaped, and the flesh is veiy gutty Trees of 
this species are variable in resistance to Are blight but on the average 
much more resistant tlian P communts It liybiidi/es fieely with P 
communis varieties, and several of the hybruls ai e important Amei u an 
varieties because of their blight resistance, although all are lacking m 
quahty 

The Ussunan peai, Pyrus t/sswricnsis Maxim , is native to northern 
Chma and eastern Sibena 1 his n. the hardiest of pears Thetieois 
a rather slow grower but very resistant to blight It is cultivated, and 
a numbei of varieties aie known in its native habitat The best of 
these vanetios are soft-fleshed, not excessively gntty, juicy, and sub- 
acid to acid m flavor The trees bloom very eaily This appears to 
be an extremely valuable species for breeding to obtom bhght resistance 
and hardmess 


The Calleiy pear, Pyrus catieiyana Decne , is native to central Cliina 
The trees are medium to large, vigorous, and bloom early The fruit 
IS small and seems valueless The trees are very blight-resistant and 
may be valuable as stocks for regions having mild wmters They are 
of questionable hardmess for the colder sections 

The birchleaf pear, Pyrus betulaefolia Bunge, is native to central and 
northern Chma The tree is large and vigorous It blossoms late and 
produces small, valueless fiuit Many trees of this specie are quite 
susceptible to bh gh t, but there are some resistant types This species 
propagates readily from root cuttings, so the blight-resistant types are 
of possible value for rootstock purposes , , . o,. j 

Althou^ there are sev eral other species — a totm of 20 to 25 accord- 
mg to the usual botamcal classifications — the 6 listed above se^ to 
be of greatest economic importance All of these species will, so far as 
^own, hybridize readily among themselves 
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It IS of interest to note that all of the known species of pears are 
native in Europe, Asia, and northern Africa. There are no native 
American species; neither are any known in the Southern Hemisphere. 
Withm these species and their varieties we have all of tlie characters — 
high-quality fruit, blight resistance, and hardiness — needed to produce 
pear varieties suitab& for North American conditions To combine 
these characters in varieties adapted to the different regions of the 
United States constitutes a great challenge to the American plant 
breeder Only a small start has been made on this problem. With the 
raw materials a\ ailable, however. 


if American plant breeders do not 

t solve this problem within the next 
century it will indeed be a reflec- 
tion on their scientific ability and 
energy. 

PE\H-BREhUIXC WOKK NoW IN 
Progke&s in the United States 
The technique of collecting 
pollen, emasculating blossoms 
(fig. 2), and cross-poUinatmg in 
pears is in aU respects similar to 
that already outlmed for apples. 

Pear breeding at the California 
Agncultural E.\pr‘riment Station 
was started in 1928. The objec- 
tixo IS to obtom superior 
communis varieties npening at 
mtervals throughout the season, 
uicluding some with good storage 
quality for holding through the 
wmter months. Approximately 
1 ,700 open-poUinated seedlings of 
the leading P. communis varie- 
/fgw«2.-UlosboiiiingBpur8ofpear,in,.r.)p- ties are being grown. In 1931, 
er Btage of devclopmcnl for emasculalion CroSSeS tO give approximately 
3,000 seedhngs w'ere made. These 
‘onsisted of Bartlett crossed with Winter Nelis, Easter Beurr^, Coimce, 


Hardy, Anjou, P. Bany, and Bose. 

At the Georgia Experiment Station at Experiment, Ga , a consider- 
able collection of varieties is maintained and studied for resistance to 


blight. Active breedit^ work is not under way . The variety Sowega, 
introduced in 1930 by J. J. Parish, Adel, Ga , is reported to be of high 
quaUty and very resistant to blight. 

Pear-breeding work in Iowa was started by C. G. Patten shortly 
after 1867. The assistance Patten received uom public institutions 


has been outlmed briefly in connection writh his work with apples. 
Patten’s work w^ significant in demonstrating the possibili^ of de- 
veloping pears sufficiently hardy to thrive in the upper Mississippi 
V alley. He grew a large number of open-pollinated seedlings of Pyrtu 
vssuriensia. This oriental pear was growmg adjacent to P. communis 
varieties, and many of the seedlings are obviously hybrids. The 
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seedliM trees were more vigorous than the origmal P. ussvriensis and 
proved as “hardy as an oak.” These hybrids have proved more hardy 
m tests durmg the last 20 years than pears from any other source. 
Twenty-five of Patten’s seedlmg pears have been selected for further 
breedmg work. One variety, the Patten, a cross of Orel 15 X Anjou, 
was mtroduced by the Iowa Agricultural E\i)enment Station in 1922 
Crosses and backcrosses of Patten’s seedlings with P. communis va- 
rieties were made between 1918 and 1928. Much of this work was 
lost when it was necessary to abandon the station in 1932. 

Pear-breeding work at the University of Maryland, College Park, 
was begun in 1905. Hybrids consisted mainly of crosses of Kieffer 
with Pyrus communis varieties, particularly Scckel and Anjou, al- 
though a few crosses of P. communis X P. communis w'ero made. A 
total of 1,411 seedlings from crosses made between 1905 and 1917 have 
been gro^ to fruiting. Only one, a Kieffer-Anjou hybrid, seems to 
have merit. _ A number of these hybnds are being maintained for fur- 
ther determination of their blight resistance. 

In Michkan during the penod between 1916 and 1919, W. F. Wight 
and Don Ward, of the United States Department of Agriculture, hy- 
bridized pears at the South Ha\ea Horticultural Expnment Station 
at South Haven. These hybrids were grown to fruiting cooperatively 
by the Department and the South Haven station. The parents were 
for the most part moderately blight-resistant types of ^od quality. 
Of all the crosses made, Barseck X Bartlett has been mostoutstandmg 
A number of the progeny of this cross have produced pears of excellent 
quality, apparently with some blight resistance, the degree of which 
has not been satisfactorily determined. A number of these selections 
are under test in Michigan and at the United States Horticultural 
Station at BeltsviUe, Md 

A limited amount of breeding work was started at the Minnesota 
Agricultural Experiment Station in 1908. The primaiy objectn e has 
bwn to obtain hardiness and blight resistance. In tiiat year, 300 
seedlings of an unknown variety from Manchuria were planted. Two 
of these have been selected as of horticultural value. Since 1924, a 


considerable number of hybrids of Pyrus communis X P- ussunensis 
have been made. These are grown in the field without any protection, 
and only the hardiest survive for planting in the trial orchards 
Approximately 700 of these seedhngs have survived the Minnesota 
wmters and are being grown to fruitmg. 

Pear breeding at the New York (State) Agricultural Exix*nment 
Station at Geneva started in 1892. Relatively few seedlings were 
grown before 1906. By 1921, 1,775 seedlings had been grown, most 
of which have fruited. Approximately 5,000 seedlings have been ^t 
out since 1921, of which only a few have fruited as yet. The varieties 
used in crossing and the number of times they were used are as follows. 
Anjou, 31 ; Bose, 59; Bartlett, 85; P. Barry, 11 ; Clairgeau, 16; Cayuga, 
16; Dana Hovey, 12; Ewart, 10; Gorham, 13; 24 ; Lmcoln 

Coreless, 12 ; Ovid, 9 ; Phelps, 35 ; Pulteney, 41 ; Seckel, 77 ; Sheldon, 20 ; 
Tyson, 28; Winter Nelis, 17; and Willard, 17. The New York work 
has consisted primarily in the hybridizing of Pyrus commune varieties 
to produce hign-quality types. The objective has been to obtain peara 
equal to Ba^ett m size, appearance, and quality, but npeiung through 
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a long season. Recently, added emphasis has, been placed on the testing 
of all seedlings for blight resistance. The vancties mtroduced as a re- 
sult of the breeding work m New York State are listed m the appendix. 

By far the most extensive project in the Umted Sta^ on the testing 
of known varieties and species of pears for their resistance to blight 
has been conducted at the Southern Oregon Branch Experiment 
Station, Talent, Oreg. (fig 3) 
Tests have mcliuled practicdly all 
of the known species, as well as a 
number of the Asiatic varieties of 
Pprui sewtina and P. wmrierms 
Eighty-fiye P. communis varieties 
and hybrids have been inoculated 
repeatedly, while 500 pear vaneties 
have been grown in orchard form 
where they were exposed to natural 
mfoction from ^at quantities of 
blight in the orchard. The earlier 
results of these experiments are re- 
corded by Reimer (7) This work 
gives miith information on the rel- 
ative blight resistance of various 
Pyru<t species and varieties and m- 
dicates clearly the mateiial of 
greatest value for breeding for 
blight resistance. 


sis variety, pollinated with another resistant variety, gave seedlings suf- 
ficiently blight-rcsistant for rootstocks, but such seedlings have proved 
unsatisfactory for some of the commercial P. communxs varieties and 
have been discarded Seedling of P. caUeryana resulting from resistant 
trees planted so that both pollen and seed parents are resistant have 
proved highly resistant to blight and appear to be excellent rootstocks 
m southern Oregon. They may lack sufficient hardiness for the colder 
sections of the countiy. By mass selection methods, seedlings of P 
communis have been found resistant to blight. From 1 0,000 ^edlings, 
10 proved highly resistant, and these 10, when pollinated with other 
resistant varieties, transmit a high degree of resistance. Three of these 
have produced seedlings 100-percent resistant to root blight when pol- 
linated with another resistant type. 

In breeding for resistant varieties of hiA quality, varieties of Pyrus 
usauriensia cros^d with Anjou, Bartlett, Bose, and Comice have given 
only poor-quality varieties, and all have been discarded, though a 
part of the seedlings were blight-resistant. 


present work has two ob- 
jectives — (1) to develop depend- 
able, hardy, congenial, blight-re- 
sistant rootstocks for pears; and 
(2)_todevelop high-quality, blight- 
resistant varieties. BaLi Hsiang, 
a highly resistant Pyrua ussurien- 



Figure 3 . — F C Reuner, whoee extensive 
work in determining the extent of bhgbt 
resistance m practicidly all known species 
and vaneties of pears serves as a foundation 
ID breeding for blight resistance. 


> ItsUo muDbers in parentheiiss refer to Bsleotsd References to Literstme, p 827 
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In 1915, Reimer saw a small Anjou seedling on Benianun Buck- 
man’s farm at Farmingdale, 111 , which vias just coming mto bearing, 
with fruit of TOod sire and mediocre (juality The tree as free fiom 
blight while me disease was rampant in other varieties surrounding it 
Scion wood was obtamed and the tree piopagatcd at the Southern 
Oregon Expenment Station Extensive inoculation work at the 
station has proved that this tree is highly resistant to blight Buck 
man named the tree I armingdale 
m honor of bis town 
During the last 5 years several 
thousand trees have been pro 
duced which are crosses between 
Farmi^dale and Anjou, Bartlett 
Bo 8( , Comice, and Scckol Ap 
proximately 75 percent of these 
seedhngs have bl^hted when 
inoculated The remainder have 
so far proved higlily resistant 
even when repeatedly moculated 
The oldest of these crosses should 
come mto bearing during the next 
year or two It is hoped that 
among these resistant trees at 
least a small number will possess 
the good quality of the fine 
flavored varieties used as one 
parent m each cross and the 

blight resistance of the Jarming- ^ _M,r, >„ b Wane Hhoaeeapen 

„ _ j. 11 XI aients in the United States Department of 

W itn OHO ©XCGptlODlj &li tll© Agncnlture showing the necessity for 
crosses have proved vigorous crou poUuution in horticultiiral vaneUes of 
This one exception is Anjou X P**” ’*** ^ P*** amount of 

Farmingdale, these seedhngs be conduc^ amc.^ not alone mth 

1^ only moderately vigorous ^ ^ Igg^g, breeding peam for 
Furthermore, the leaves of 20 blight rwiatance 

percent of the seedlings resulting 

from tins cross possessed a waxy wlute color (devoid of chloroplnrll) 
and the seedlings died when they were from 2 to 4 inches high This 
IS probably the result of mbreedmg, smce Farmingdale itself is a 
seedling of Anjou 

Breeding work to obtam pear vaneties resistant to blight was 
started at the Tennessee Agricultural Expenment Station m 1925, 
though a lumted amoimt of hybndizmg had been earned on earher 
The work smce 1925 has consisted of crossmg resistant species such 
as Pyru8 aerotina, P ussvnensis, and P caUeryana with the more 
resistant vaneties of P communts Approximately 3,000 seedhngs 
from t h e se crosses are now being grown, and additional hybndization 


18 imder way , , 

In the Umted States Department of Agnculture breedmg mv^U- 
gations to develop pear vaneties resistant to fire blight were started 
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by M. B. Waite at the Arlington Experiment Farm, Arlington, Va., 
about 1908 (fig. 4). The early work consisted of crossing Kieffer 
with Seckel, Anjou, and Bartlett. Several thousand seedlings from 
these crosses have been grown to fnuting. Several Sections rnade 
from these earlier seedlings combmo good fniit quality with blight 
resistance. At least one selection seems to be very b%ht-reai8tant 
and has good fruit chanieters from the standpoint of flesh texttjre, 



t'lffuv 5 , — Hyfand pear secdiinp growing in the greenhoube. 

size, and quality. None of the selections has been named, but they are 
worthy of general testing. At the present time, around 5,000 seed- 
lings from the above crosses are being grown to fruiting (fig. 5). 
These are inoculated with blight each year in addition to being 
exposed to field infection. Kesistance to blight, resistance to leaf 
spot, and fruit characters are being recorded. 

A few crosses between high-quahty Pyrus communis varieties have 
been made at Pdo Alto, Caiify by W. F. Wight, of the United States 
Department of Agriculture. The purpose in these crosses is to obtain 
pe«^ of high dessert quality, ripening at intervals through the sum- 
mer, and al^ varieties suitable for winter storage. 

A list of pear material of special value for breeding purposes, 
with the institutions at which it is maintained, is given in the 
appendix. Some of the results of hybridization are Dlustrated m 
fig^ 6. 

For a discussion of pear-breeding work under way in other countries, 
see pages 602-604. 
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CYTOLOGY AND GENETICS OF THE PEAR* 

The basic chromosome number m the geim cells of pear species la 17, 
the same as that of the apple Among European varieties, approxi- 
mately one-fourth to one-third of those exammed to date are tnploids, 
this ratio bemg about the same as for apples in the United States 
These forms with 61 somatic chromobomes, like the tnploid apples, 
generally pioduco only a small peicentage of viable pollen Accordmg 
to unpubhshed data from the New Yoric (Stite) Agncultural Expen- 
mc nt Station, all of the pear varieties important in the United States are 
diploids with 34 chromosomes m the vegetative tissues Most of these 
diploid varieties produce a relatively high pt rcentage of viable pollen 
Recently two bud mutations that may be tetiaploids have been 
found m pears, one m Bartlett, the otlur m Wmtei Nelis These 

E rodueo giant fruit similar m general appeal xnco to the parent variety 
ut coarser textured In the ease of the Bartktt at least, the Iniit 
IS inferior in quahty to the parent variety If cytologieal examma- 
tion proves these to be tnie tetraploids, the> may prove to be of 
much interest and value from the standpomt of breedmg, as crosses 
of tetraploids with diploid varieties should produce tnploids 

Few studies have been n ported to mdu vte the typo of mhentance 
that may be expecte<l m ptars Sm<e all vaneties of Fytua commun-ia 
are highly heterogeneous, and smee selfing m most vaneties is im- 
practicable because of failure of sdf^lhnatcd blossoms to produce 
viable seed, mhentance studies are diihcult 
Si/e of fniit appears to be controlled by many factors Seckel 
gives mamly small-sired fniits evtn when hybndi/ed with large-fruited 
types, though many mt<rmediate-si/<d fniits are found in the progeny, 
a tew approai lung the si/e of the Ini^er parent 

The low quality of oriental peais seems to be donunant over high 
quality of other groups, though intermediate foims sometimes aie 
found No high-quality piwony has oc< lined m F, hybiids of Pytui, 
HerohnaXP commvnn or P ussvnemis X P communn In baik- 
eiossos of those Fi hyhnds with high-quality P eommums vaneties, 
some good-quality types result In 1 1 trees from Kiefler (P tommuma 
X P serotina) X Anjou, fruited in 1936 by the Bureau of Plant Indus- 
tiy , fruits of 2 rated good and 4 fair to good In 1 32 Kiefior X ^ckel 
hybnds, fruit of 17 rated os good and 24 as fair to good m quahty 
Kiefler, a sand pear hybnd, probably eanies nisset as a recessive 
character In the crosses with nisseted beckel, 23 hybnds weio heavily 
rusboted, 45 somirusseted, and 64 smooth These results mdicate tiiat 
m this cross nisset is lecessive to smooth skm Kikuchi has reported 
that withm Pyrua serotina, lusset behaves as a dominant In 122 
Kieffer (subacid) X Sei kel (sweet) hybnds, 26 produced sweet fnut, 
like Seckel, 82 subatid fruit, and 14 acid fnut These results would 
mdicate that, as m apples, sweetness tends to be recessive but that the 
character is controlled by more than one gene 
No study has yet been reported on the transmission of blight 
resistance Reimer finds wide vanabihty m blight resistance of 
mdividual seedlings of most of the species studied, with occasional 
blight resistance appealing m all species studied Crosses of highly 


I Thu section Is written rrlmarily (or students or otben t rotraionally interested in breeding or genetlci 
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resistant Farmmgdale with blight-auscejptible varieties have lofaultcd 

m about 25 percent blight-resistant seedlings in the F, progenies 

SELECTED REFERFNCES TO II1LRATUR1< 
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—Leading pear tanetiei of the I nited Staler 
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Lists of Peah Matbbial of Spbciai. Vaiue for Breeding Purposes 

The foUowmg institutions have trees of practically aU of the P^rua sptous 
Arnold Arboretum Harvard University Jamaica Plain Mass 
California Agricultural I< i^nment Station Davis Calif 
Southern Oregon Branch Experiment Station Tahnt Oreg 
At the California Station the following varieties not gcncrallv availal lo ar 
growing 


Pyrua communia 
BollwciUer, 
Bonnefond 
Bordeaux 
Burkett 
Caisson 
Crocker 
Felix Sahiiit 
Guvot 
Lady Clapp 
T argo Sugar 
Longworth 
I OWL Seedling 


Manllat 
Mesbirc 
N intos 

llcmv C liatcnav 
Sage ret 

Souvenir dc Cronsta It 

Snpcrfii 

Thirnett 


Pm 1 1 (P 1 ‘lS2m) 
P I 403.2 
Nanslii (P I 303o2) 


At the Minnesota Agricultural 1 xperuueiit Stiti.n St Paul Minn (lie 
following material has Ixen teste! f r hardiness uii Ur field conditions with the 
results indicated 

1 Completely wmter hardy testi I 10 to 16 viais 

Minn Nos 3 and 4 

Minn Nos I 6 and 7 (sie Ihngs of King Kail X san I i>car) 

Phiel 

Russian sand |ioar 
Saponskv 

2 Completely winter hardy, tested I \t irs 

Borgman 

Cepe Zum Mur (Russia) 

Patten Nos 5 1204 1205 

3 Completely wmter hardy during tests of 3 to 5 years 

Piishken 

Pyrua communta I PI 47003 ct al 
P uaaurtenata ovmdea Rchd P I 44051 
P uaaurtenata Maxim P I 44235 44237 44275 ct al , 

Scandinavian varieties (top worked hraiiehis onlv) 

Aldonsparc 
Lspcrcii Herripare 
1 ursthgt Tafelparon 
Grapare 

Orev A D Moltkc, 

Johantorp, 

Juli Dtkaii 

Lubccker Pnn/essiiiiiare 
Rostbergersmott 

4 Relatively winter hardv during tests of 3 or more years 

P betvltfolta Bunge P I 39547 
P breatachneidert Rchd 
P eommunts L P I 33207 et al 
P phaeocarpa Rehd P I 32741 39541 43185 44276 
Pyrua sp , ‘‘Favonts P I 33207 
P uaaurtenata Maxim , P I 47094 55967 55970 
Van Fleet hybrid, P I 43443 

5 Relatively hardy, but not completely hardy iii Minnesota, tested 5 years or 


Beierschmitt, 

Men^l, 

Parker, 


Patten Nos 1200 1206, 
Tait Nos 1 2 and 4 
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6 Other bdccics, severely winter injitrtd but surviving 
P caUeryana Dccne , P I 472bl, 

P chxnenns, 


P phaeoearpa Rchrl , P I 64220 
Pyrui hp , ‘ Siirprisi ’ P I 4 j901, 

Pyrui sp , P I 40560, 56012, 64223 
Pyru^ sp , Vin 1 hit hvliricl P I 55805, 

P ussunenns Maxim , P I 46587 

The N( w York (State) Agrieiiltiiral rx[a riiiu iit Stitioii, Gicneva, N Y , has 
thi following pear v iru tii s thit are not f,i nt rail v av iiHblc in the United States * 


Admiral Gervais P I 01198 
Alexander I amhri , P I 91190, 
Ha 1 1 llsaiiig, 

Barronne de Mello, 

Haudry 

Belle Gmrandaise P T 912(H) 
Beiirrf dArcnbirg (sjii of 
Mure tail), 

BcurrC Bedford, 

BiiirK Cadelun, 

Beiirrf Dumont 
Beurre 1 oiuiue nv 
Beiirn Six (J» I 0)201), 

Ewart, 

Pavonti, 

1 ondantc Tliirriol 
Cidula, 

Uessle, 

Tiingfi, P I 16587 
KeMstlielu von Chirniiaii, 
Kontoula P 1 17227 
Laxton 


(de 11 


1 axton Sil|ieib, 

I onis Pasteur, 

Mane Binoist, 

Miehurins, 

Ming, 

Ne Phis Meuris, 

Noveau Poiteau, P I 91207 


Nouvelle Piilvii , 

Packhain Triumph, 

Passe Crassane 

Pastonn Binic (syn of Vicar of Wink- 
tiild). 

Pi tite Marguerite, P I 91 208, 

Petre, 

Picbident Barabe, P I 91209 
Satisfaction, 

Soldat Labouicur, P I 91210, 

Fang 1 1, 

Iriomphe de Vienne 
Vergules 

Miscellaneous Pjr it six cies 


At the South! rii Oregon Braneli Fvpeiiiiii lit Station, Talent Orig, 500 vano- 
ties of pears have lieeii eulleeted Some of these hive tiled of blight and are no 
longer availablt Flu so art listed in Oregon Station Bulletin 211 


4 Nai ( n lit 1 \nt i illy til ) ittc 1 1 y tl e t ti n i o w n t m full occ r J v^ith tl « co ic < f 
0( mencldtua 



GRAPE DEVELOPMENT 
AND IMPROVEMENT 

ELMER SNYDER, Pomologibt, Divi- 
non of Fruit and Vegetable Oops and 
Diseases. Buiean of Plant Indnstry > 

The present commercial grape industry in tlio United Slates has de- 
veloped along tV (0 mam lines. On the Pacific coast tlie industry lias 
depended upon tlie importation and improvement of varieties of the 
grape of the Old World, Vitin rinifera u , while in tlie remainder of 
the country the industry has been based upon the development of the 
American species indigenous to the region, hybrids of these species, 
and finally nybrids of native species with V. mnifera. On the other 
hand, the industry in the Old World oi^nated actively from tlie single 
species V. rinifera This^ species has also played a vital part in the 
improvement of our native grapes. It was known in prehistoric 
times. Sacred writings and ancient myths and fables extol the value 
of this grape. Seeds of the grape have been found in the remains of 
lake dwellings of the Bronze Age in Switzerland and Italy and in the 
tombs of ancient Egypt. Remains of grape leaves have sIm) been 
found in calcareous rocks in France, where they were apparently de- 
posited in preliistoric times. It is the belief of botanists that the 
ancient home of tliis species was the Caspian Sea region. 

DISTRIBUTION AND EARLY HISTORY 
From its original habitat the grape was carried westward into favorable 
locations in Africa and Europe and eastward in Asia. The dlstribii tion 
of the species by birds, wind, and water undoubtedly began very early, 
even before cultivation, and possibly before the existence of man m 
Asia or Europe. Grape growing was practiced very early in Palestine, 
and cultural material was transported by the early Phoenician naviga- 
tors to the countries bordering on the Mediterranean Sea. According 
to Alphonse de Candolle, records of the cultivation of the grapevine 
and the making of wine in Egypt go back 6,000 to 6,000 years. Viti- 
culture in Greece was flourishing during the time of Homer and must 

' ' wl4i«a to ackiKnrltdge tlM oaoptntion 
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have been known before his time. The Romans doubtless gained 
their knowledge of grape growing and the art of wine niakmg from the 
Greeks. For a time the Romans seemetl to prefer the Grecian product, 
and not until about the first century of the Clinstian Era did Italian 
wines begin to have a favorable reputation in their own redon. 

In the meantime French viticulture was originating in the vicinity 
of what is now Marseilles and spreading up the valley of the Rhone 
In the second century A D it hail spread along the banks of the Rhine 
From a centralized beginning the growing of Vitis ciiif/c/a has gradually 
spread until at the present time it is grown commercially in parts of 
Europe, Asia, Africa, Australia, North America, and ^uth America 
Grapo growing is practiced in the Northern Hemisphere mainly 
between 20° and .’ll® N latitude, and varieties of Vitis oinljera, aie 
found in many of the countries bounded by these parallels The most 
northern range of the varieties of Viii^ oinijeta is in the grapo area 
of northern Germany, while the southern range extends into India 
In the Soiitheni Hemisphere, including Australia, South Africa, and 
South America, grape growing is carried on mainly between 20° 
and 40° S latitiule 

IxpRonuciiON OF Old World Grapf.s 
Inio tub United States 

American colomsts at a very early period understood the culture 
of the vine The abundance of native grapevines along the Atlantic 
coast attracted their attention, but the first attempts, made early 


THE major portion of the grape-breeding uwk conducted by public 
institutions has been to improve quality, which is an dusite factor. 
The quality of our native varieties has been improved by crossing 
them with the best varieties of the European grape. Improvements 
in type of cluster and type of berry have been made by combining 
different native species. Rootstocks have been developed througji 
h^ridization which have suitable resistance to phylloxera, the 
deadly insect enemy of the grape, and are adapted to various soil 
types. Thus real progress has been made. But continued im- 
provement is possible, and the results so far indicate that it can be 
obtained through hybridization. Grape breeding is rdativdy new, 
and there is need for more information on the inheritance of sudi 
fkaracteristics as size, quality, secdlessness, cold hardiness, disease 
and insea resistance, and adaptability to environment. Ridt 
collections of species and varieties are available as breeding material 
to bring about the further improvements that wUl result in increased 
consumption of grapes. 
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in the seventeenth century, were with the vinifera or European grape 
In 1619-21 the London Co , actively urging the culture of the vuiifera 
grape as n source of revenue, brought French vine workers and 
collections of the best vinifera grope varieties of France to the settle- 
ments in Virginia. The Colonial Assembly was also active at the 
same time in encouraging and even ordering the care and cultivation 
of the vine Similar attempts were made in the various colonies from 
Newr England to Geoi-gia from 1019 to the beginning of the Revolu- 
tionary War 

Much has been wrritten concerning these early attempts at grow'ing 
vinifera grapes in eastern United States The reports can be briefly 
summarized The first year or two the vines gave considerable 
promise, then disease and insects appeared, resulting in dead vines 
and finally an abandoned viueyaid From present e\penence it 
would appear that lack of resistance to cold, insects, and disease in 
the northern regions, and susceptibility to disease and insect injury 
in the southern regions, were the factors responsible for the general 
failure of vimfera grape culture m eastern United States 

While failures were being recoided with vinifera grapes along the 
Atlantic coast, a start in their culture was being made on the Pacific 
slope in California The Mission Fathers, going northward from 
Mexico, established the San Uiego Mission in 17C9 They brought 
grape material with them to plant at the various missions establishccl 
from San Diego to Sonoma The first plantings made were of a 
variety that beeame known as the Mission and represents earliest 
successful culture of vinifera grapes in the United States Very little 
further development took place in ('aliforiiia until after 1860 An 
essay by Col Agostm Haraszthy on grape growing and w me making, 
published in 1868 and given wide circulation by the California State 
Agm-iiltural Society, so stimulated viticulture in the State that 
20,000,000 vines had been planted by 1862 Cuttings and rooted 
vmea, including many of the better knowm varieties then grown in 
Europe, were introduced into ('iilifomia and distributed to gniwers 
During the following years commercial grape growing, baseil entirely 
on vinifera grapes, tfeveloped rapidly Production increased from 
11,000 tons in 1869 to 360,000 in 1899, 1,827,000 in 1929, and 2,066,000 
tons in 1 935 Vinifera grape culture has also spread to other Wes^rii 
and Southwestern States In favorable locations in Idaho, Washing- 
ton, Oregon, Nevada. Aiizoiiu, Utah, New Mexico, and Texas, 
vinifera grapes prove profitable for local sale and, in special soutlieni 
locations, for early commercial shipments 

Development and Early Improvement of 
American Native Grapes 

After many failures with varieties of Vitis mntftra in the East, the 
native species were finally considered to be the best basis for an 
eastern grape industry 

Out of a planting of vinifera grapes made by the Kentucky Vineyard 
Society shortly after 1802, near the prewnt site of Vevay, Ind., 
several varieties resisted unfavorable conditions better than others. 
One of these was called the Cape grape by John James Diifour II. 
This grape was later supposed to be identieol with Alexander, a native 

138004*— 37 41 
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Amerioau vitie, which had been planted in some way among the 
^dnifora varieties. Later, from 1806 on, this native grape became 
generally distributed and was grown with apparent success Grape 
authorities later considered the Alexander an offshoot of Vitis labrusea 
L , with a nos.sibility of some vimfera species in its parenta^ It 
probably onginated along the banks of the Schuylkill in Pennsylvania, 
and its history antedates the Revolutionary War 

The next incentive to native grape growing came with the intro- 
duction of tlio Catawba variety Its origin is uncertain. There is 
evidence that it originated in l4ortli Carolina In 1819 John Adlum 
(1759-1836) obtained cuttings of the Catawba from a cultivated vine 
in Maryland for extensive nursery propagation in the District of 
Columbia. The cuttings of the variety were widely distributed by 
Adlum and some were sent to Nicholas Ijongworth (1783-1863) in 
Ohio, who became greatly impressed with it. During the period from 
1825 to 1850 this variety, as well ns Isabella and otliers less well- 
known, was planted in widely separated parks of the Eastern States 
These two varieties were predominant until the introduction of the 
Concord, which originated from a chance seedling grown by Ephraim 
Wales Bull (1805-95), of Concord, Mass. The seed was planted in 
1843 and produced fruit in 1849. The grape was named Concord and 
introduced in the spring of 1854. Tlie Concord grew rapidly in 
popularity and its culture had spread to Missouri by 1855, 1 year 
after its introduction, 

The improyed varieties of native grapes introduced between 1800 
and 1850 were principally chance seedlings or selections from wild 
native species Since 1850 many men have been interested in grape 
breeding for the improvement of our native species 

Native species of Fitfs are found in all parts of the United States 
The fruit of many ol them is of little direct value, but even the species 
producing poor fridt may hove characters of value for hybridization 
and plant breeding Some have been the source of our cultural 
varieties, while others arc very valuable as stocks resistant to phyl- 
loxera and the root knot nematode Table 1 indicates the main 
grape species that have been used in breeding work. 




One of the native spcries used extensively for breeding is Vitii 
labrusca, the fox grape From chance seedlings of this species came 
Catawba and Concord, though they may also possibly have some 
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V mnijera in their parentage. Through early hybridization work a 
number of popular varieties were obtamed from V. lahrusca crossed 
with V. vinijera. One of the earliest grape breeders in this country 
to utilize this cross was Edward Stamford Rogers (1826-99), of Mas- 
sachusetts (fig. 1). Although engaged primarily in the shipping 
business with his father, he became interested in horticulture and 
conducted his experiments in grape hybridization in a garden on a 
city lot hack of his home In originating the group known as Rogers 
hybrids he used a li^e-fruited red 
labrusca known as Carter and fer- 
tilized the blossoms with mllen 
of two vinifora varieties, Black 
Hamburg and White Chosselos. 
From these crosses, made in 1851, 
he obtained about 1 50 seeds, wliich 
eventually produced 45 fruiting 
vines of high quality. These 
come into bearing between 1856 
and 1858 and were numbered from 
1 to 45 by Rogers. They were 
widely distributed, and some were 
finally named. Rogers continued 
his work and recrossed varieties 
already produced, but none of the 
later seedlings was promising 
enough to be introduced. ^ This 
early work of Rogers indicated 
the value of V. vin^eram hybrid- 
izing to improve the quality of 
l.-Edward Sun.ford Roge«, of the, native fruit. Tlio Agawaiu 
MasMcliUtoettft, a pioneer m grape hybrid- variety IS one of hl3 main COntn- 
iMtioa. butions that is still grown. 

Contemporary with Rogers 
were many other men who introduced hybrid varieties of their own 
breeding Only a few of these can be mentioned here. 

Andrew Jackson Caywood (1819-89), a nurseryman and fruit 
grower, became interested in grape breeding in New York. Little 
record of his methods remains. He differed from other grape breeders 
of his time, however, in concentrating on second-generation hybrids. 
The Dutchess represents one of his most important named varieties. 

Charles Arnold (1818-83), of Canada, produced many seedlings 
Since he lived near the northern limits of grape culture, he was 
interested mainly in producing cold hardiness in seedlings of high 
quality. His crosses were mainly a combination of Vitia labrusca, 
V. vulpina (the riverbank grape), and V. mnijera. His productions 
proved hardy under severe clrmatio conditions but were more or less 
susceptible to disease. Canada and Othello are two of his named 
varieties. 

George W. Campbell (1817-98) conducted his grape-breeding work 
in Ohio and raised many seedlings. He used varieties mainly of 
VUis labrusca and V. mnijera and to some extent V, aestiaUis var. 
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bourquimana (Munson) Bailey Campliell hnily lepiescnts his niaui 
contnbution to present-day viticultiiie 

Louis Suelter, of Carver, Minn , earned on most of his hyhndiymg 
work betwten 1870 and 1884 Picvious to this time he hul gniwn 
-any seedliiu?s of tho wild gi ipe, T i uljnna One of these si i dling*- 
appealed to blossom eailui and de\d«p fnut ctdoi eiilier than otheis 
By crossmg this with Concoid as the pollen paient, four seedlings i\eio 
produced and n imed Beti, Dakota Monitor and Siieltei Ihisi 
aie repoited to be haidy for the 
more northern and northwestern 
pirts of the eoimtry, and they 
illustrate the use of V t tdpina in 
obtainmg eold-resist int \ ai letic s 

JimesII Ricketts(lSlS lOl'i) 
who conducted a bookbinding 
business in Newburgh, N ^ 
became interested m giapo mi 
pioveinent and one of lus lust 
productions was Raiitan In 
Older to utilize vmileia vuietics 
to cross with native grapes he 
cxinstiucted a glasshouse foi 
tlioir cultuie While his sted- 
bngs weie not very vigorous, be- 
cause of their largo piopoiUon of 
vimfeia parentage they weie 
< huracttri/cd by high quahty 
and large cluster and beiiy 
His crosses were mostly Vitis 

labruica and \ wnijera Some 

ho wc ver, were eompkv hybrids „ . 

containmg m addition eitner V Voincy Miins n if 

(the sumejer g.»p,) X i:?" •?. 

y oesturtfis var bourquimana ^ .n.miluJi many B..,«nor 

or \ indpiTld paiontage acime hybrid vanetieB. .nclud.ng vantUCB of the 
of his named varieties include bumh ty|>t iB|N.iially Buitable for Bouthem 
Dowmng, Empue State and conditunB 

Jefferson 

Thomas Volmy Munson (1843 191') fig 2) condiuttd most of his 
bicedmg woik with giapts at Denison, le\us flu region in which 
he hvea is nch m native species Munson gave much of his time to 
the botamcal study of grape species as well as to breedmg and cultivat- 
ing new varieties In 1909 ho published a summary of his extensive 
work with grape species, breeding, and the testmg of grape vaiutics 
(6) ® His work was largely mstiumental in pioducmg grape vaiieties 
of the bunch typo smtable for southern conditions, where most ot 
our varieties of northern parentage fail Of particular interest and 
special value was his use of the native spec les \ Uis hnsetomii, the 

pmewoocls grape, m tho ongmation of hybrid varieties By ejombimng 
and selectmg tho vigorous, healthy native species Munson was able to 
origmate fnutmg vanetios that are productive, vigoious, and better in 

Italio numbers m parestbesBB refer to Selected References on Grape Bree ling p 0 o 
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fruiting qualities than the parental types More hybnd grape 
varieties nave been onginated and inti^uced through his efforts 
than by any other agency m the United States 

Other grape breedeis who have contiibuted some of our better 
known vaneties include Joseph Backman, Hermann Jaeger, Jacob 
Moore, and Jacob Rommel 

Table 2 gives the parentage and ongm, so far as they are known, 
of a number of the more imiioitant native American graiio vaneties 
borne of the varieties that originated as chance aeodlmgs, mcludmg 
Catawba, Concord, and Delawnie, aie among the most important 
commercial vaneties at the present tune However, when vaneties 
were needed for a specific purpose, such ns hardmess, mscct resistance, 
or unproved quality, controlled crossmg became necessary The 
better known vaneties are niaiked with an astensk, and these can 
usually be obtamed fiom some of the many commercial nurseries 
Others are mcluded as a partial list of vaneties available for breedmg 
purposes m State or Federal evpeiimental plantings 


Iabif 2- Fanntagp and oriftin of Imencan natiee ffrape vatutm 



> \bbn\latioiu are 11^ for fcpecies os follows Aoat tor V itu aeHtralu Bourq fori nrtfirafft \ar 6nur 
fuinkna Champ (or V dkanpini C m for V nnrrra I ab for V lotrusca Lino for 1 linveomh Rup foi 
V mpetiru Vin for I nni^ > ulp tar V rulpnu 
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Tablb 2 — Parentage and origin of tmmcan native grti/x- mnrtie \ — f untinucd 



Sthucture of Grape Biossoms 

To UNDERSTAND the technique of breeding new grnpc vnrietus, some 
knoi\ledge of the floral parts (fig 3) is necessary The blossoms of 
Viti<t arc arranged in a pyramidal, loosely branched t liistei known as a 
panicle In the wild state some vines may bear only male or stnmi- 
nate flowers, while others bear perfect or hermnphioilite floweis that 
have both stamens and pistils American native species bear male 
flowers and hermaphrodite flowers on stpaiate vines, while most 
European vines of Vihs tnnijera bear only hermaphiodite flowers 
The male flowers (fig 3, A) differ from the hermaphrodite flowers in 
bearmg well-developed stamens and only an ineompletely developed 
pistd, which has no style or stigma and only a very small ovary, the 
ovules of which cannot be fertihzed The pollen grains of the male 
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flowers will germinate and can fertilize flowers that have a normally 
developed pistil 

The hermaphrodite blossoms range from flowers having reflewd, 
very poorly developed stamens (fig. 3, if) to perfect flowers with upright 
stamens (fig. 3, C) Varieties with reflex stamens usually do not set 
fruit, or set only very 
loose clusters, unless 
they are cross-pollinat- 
ed, cither naturally or 
artificially Each indi- 
vidual perfect flower 
normally bears five 
stamens although the 
number may vary on 
the same flower cluster 
from four to eight The 
3 -Grape flotver parta A, Male flower. H, Consists of the 

Jlower with refleit aUnieiis C, H.mer wilh upnght Jllament tipped by the 
ntaniens. a. Filament; fc, anther; e, ovary, </, style; e, ailthor Containing Q 
atigma; /, iwlar gland; g, |icdirrl. pair of poUcn saCS The 

stamens surround the 
fruit-producing part of the flower known as the pistil, which is made 
up of the stigma, a slender-necked style, and an enlaiged ovarv The 
ovary contains the o\ tiles which develop into seeds after fertilization 
has taken place 

Previous to opening, these flower parts are enclosed in a cap-shaped 
united corolla (fig 4, A) At the time of blossoming, the corolla is 
shed by becoming loosened at the 
base and coming off like tv cop (fig 
4, B). Wlicn the flowers are in full 
bloom, eacli pollen sac of the anthers 
splits and sheds the pollen, which 
is in the form of small, ellipsoid, 
yellow grains. "When moistened the 
grains take on a globular form. If 
examined microscopically, it can be 
noted that the pollen grain is en- 
closed in a cell wall with three thm- , . ^ ^ ^ 

walled bands extending around the bud pariVy"o 

grain from pole to pole In the cap. C, Emagculaied flower, 
middle of each of these bands is 

located a germinal pore through which the pollen tube will sub- 
se^ently devoloj). 

The pollen grains are deposited on the stigma through natural or 
artiflciai means. If the stigma is receptiv e and the pollen grain viable, 
the pollen germinates and the pollen tube grows throu^ the style, 
reaches the ovary, and enters an ovule tlirough a small passage be- 
tween its outer and inner coverings known as the micropyle. Fer- 
tilization then takes place by fusion of a sperm nucleus from the 
pollen tube writh the egg nucleus in the ovule The fertilized ovules 
b^me the grape see^, and the ovary develops into the fruit or 
grape berry. 



I igure t — A, Grape flower bud. 
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MftHOD of llYBKlUtZING 

The steps used in the a< tuil hybiidi/mg of ^rnpes by voiious workers 
are more or less similar Vfter selection ot the pnient vanetus the 
flowei clusters of the mile or pollen pnient aie en losed i n the vine 
in suks of paper ctlhphane or othei mitiiinl bdoii any of the 
mdividual flowers have opened This picvi nts < < ntamination < f tlu 
desued pollen by the pollin of othei neiiby vancties \s the bios 
soms open the pollen ninains within the sink and (an bo ( lined 
(brcetly to the variety to be pollinated or gatheied into a suitable 
contiinei foi future use 

lilt inthers are removed from floweib of the ftmde patent beliit 
any pollen has been slnd and the emiscuhted chistir is en lostd m 
a bag to pi event the entraiu e of f( k i„n pollen Vt the time of pe Ih 
nation the pollen fiom the selected nulo pnient is biiished o\(i the 
sti(,m‘i8 of the emas ulated seed paient When tlu tiuit is iipe tlio 
seeds aie collected washed cle\ned xnd stoied foi futiiie planting 

Time can be saved by gcimmitiiie, the seeds m a ^leenhoiise 
The young 8eedliiv,s aie usuUly tnnsplanted to pots c uis oi a 
eoldliamt for growing one seison beloic they lie plintod in the 
held lor fruiting tests I he seedlings need some piotection the lust 
summer Miiying with the ehmitic conditions unclei which they aie 
grown 1 or hold trial they aie usually planted c loser than m c om 
moicial vimyaids m nnly to c onsei ve spa e Jiom icpoits ic eivc 1 
the (list me es vaiy fiom 6 m lies to 4 feet in the low with lows 5 to 12 
feet apait 1 ruiting may tal o Ire m >y to4 yc ais nfte i the scodliiir^s 
weie set in vineyard foim oi from i to 5 ye ns tiom tl e time the 
sc t d w IS plantocl 

Recently a procedure thit lustens the liuitmg of ^inpc seedlings 
h IS bee n followc d at the Unite d Stites h \peiiment Vineyaid I lesnc 
C ihf Grape seeds from eonti oiled crosses in bice cling werk aie 
planted in Hats and stilted imdcr ^lecnhoiise conditions about 
Icbruiry 1 The seodlint,s aie tiansminted to 1 gallon cans alter 
thiec oi foui tiue leaves aie foiined Dmmg May and caily June of 
the same sc ison these seedlings attam a giowth of fiom 12 tc lb 
inches At this time thiee or lour buds fiom the basal pint ol the 
seedhng shoot c an be obtained whi h aie suitable ie i T budding 
These seedhng buds aie T budded mto vigorous shoots of ic otsto 1 s 
or of be aiing vine s tliat lie growing m vmeyaid form W ith spec i il 
caie and training the seedlmg buds can be foiced mto growth By 
the end of the fiist gi owing seison shoots fiom b to 12 feet loiij, ein 
bo developed At pi ming tunc a eine J to 4 feet long ean be Ic It Ic r 
next beason s fiiutui„ woocT Vt the 1 lesno stati m npo fi uit has be c n 
pic ked in August 18 months fiom the time the seeds we lo planted in 
fl its Thib method saves at least 2 oi 3 voars compared with the usual 
method of fruiting grape soedlmgs While it may not sei \ o as i tc st 
of the eommereial ments of a seedhng it does seive to deteiimnc 
many qualities bue h as color sliape sue and fl ivor of the fi iiit As 
with afl breeehng woik selection of desirable sccdhnf,s is necessary 
A number of vmes of each seedhng must be giown and obwivations 
made of its commercial possibihties under vaiious soil and climatic 
conditions before it ean bo introduced for commercial culture 
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PRESENT GRAPE-BREEDING WORK IN THE 
GNITED STATES 


In recent ^eahs hybridi/ntiou of grape varieties and species has 
been actively carri^ on at Federal and State experiment stations 
Most of the expansion has taken place since 1900, although a few of 
the State stations were engaged m grape breedmg previous to that 
time. The most active interest Inw been evidenced smce 1920. A 
recent survey indicates that in addition to the grupe-breeding program 
of the Department the following State stations are conducting grape- 
breeding work: California, Geoigia, Maryland, Minnesota, Missouri, 
New York, South Dakota, Texas, and Virginia 
The principal objectives liave been improvement in fruit quality, 
productivity, disease resistance, and adaptability to soil and climatic 
conditions. The work is being carried on w ith th ree distinct types that 
are of commercial importtmce in the United States — the American 
native bunch grapes, the muscadine grapes, and the European or 
Old World grapes 2\Jativb Bunch Grapes 


The native bunch grapes have been developed from various native 
species, in many cases with the infusion of tlie European grape 
tlirough natural or controlled hybridization Tiie species from 
which the varieties of tliis poup have been derived rank in importance 
in the following order: Viti? tabrvsca, V vimfera, V. ae&iicalis, V. 
linsecomil, V vitlpina, V. of^tivalis var bourqyiniano, V. cliam^ni, 
V. rupfst/is, V cinerea. This group, represented conunerciolly by 
such varieties as Beacon, Catawba, Concord, Cynthiona, Delaw'are, 
Iona, Lenoir, Niagara (hg 5), and others of lesser importance, is 
grown, at least for home consumption, in every State in the Union 
Commercial production is principally in the North Atlantic States, 
the Great Lakes region, the Central States, and to a lesser extent in 
tlie South and in the Pacific Northwest. They are used for table, 
local markets, shipment for some distance, unfermented juice, and 
wine. The vines of this type are characterized by medium to vigorous 
growth ; the leaves are medium to large, three- to five-lobed or entire ; 
the tendrills are forked ; and the fridt clusters are small to above 
medium in size The individual berries of different varieties vary in 
outline from globular to ovoid The skin separates easily from the 
pulp, while the seeds ore firmly retained in the pulp The varieties 
that have V. labnisca, or fox grape, parentage are characterized by 
what is called a foxy flavor, which is very important in the manu- 
facture of unfermented juice. 

The trend of grape breeding with the native bunch grapes has been 
to improve quality by crossing with varieties of Vitia vinifera. T his 
has been successfully done by the New York (State) Agricultural 
Experiment Station, which has introduced 21 named seedlinM for 
commercial trial. The northern species, V. labruaca and V. vmpina, 
have been utilized by tlie Minn^ta and South Dakota Stations to 
develop varieties with cold hardiness for the northern regions. Size 
of berries has been increased by the use of V. labrusca. Cold hardiness 
and adaptability have been developed by the use of V. vuljpina. 
Thirty-two named seedlings have oeen mtroduced by the ^uth 
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Dakota Station The stations of Maryland, Missouri Texas, and 
Virginia, and the United States Department of i^riculture atBelts- 
ville, Md , are conducting grape-breeding i»ork to improve the quality 
and adaptability of the native bunch-grape types by crowing varieties 
contammg labiusca and vinifera parentage with varieties developed 
from more southern species, such ns V. aestivalis, V. aestivalis var 
bourquiniana, V. champini, V. linsecomii, and V. rupestris. 


Desirable Objectives in Breeding American Bunch Grapes 
In the United States the desuable objectives in breeding the 
American bunch grapes \nry with the legions in which they are 
grown, and reponal 


needs must be studied 



separately. Three mam 
legions are involved 

(1 ) The North Atlantic 
States, the grnpe^ow- 
ing areas along the 
Groat Lakes, and the 
Noith Central States; 

(2) the Southern States , 
and (3) the northern 
Great Plains 

In the first region it 
woidd seem desirable, 
in the case of table 
giapes, to combine in- 
creased production with 
ini teasM size of clustei 
and berry In quality, 
the strong flavor of the 
labrusca may be amel- 
iorated by the addition 
of the rich vinous flavor 
of the vimfera. The 
skin should be more edir 


ble and the flesh more 


t igun 6.—\ typical clualer of inuBcadme gtapea, nicltmg than IS the case 

Scuppemon* vanety. y«th the Concord type 

if these quahties can 

at the same time be combined with improved shipping and handling 
quahties. The sugar content could be increased anti the acidity adjacent 
to the seeds decreased. The seeds should separate readily from the pulp . 
It may not be too much to hope that the seeds can at some future time 
be entirely eliminated. In the case of varieties for imfermented 
juice, increased productiveness, a more hi^lj; colored juice, and a 
more melting pulp would seem desirable. Desirable improvement in 
varieties for wme varies with the type of wine _ In gene^, increased 
sumr content, more juice production, and earlier maturity are desir- 
able objectives. The development of a more vigorous, hardy, 
disease-resistant, and insect-resistant root system would materially 
aid the industry as a whole. 
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In the sewnd re^on, the Southern States, importnnt considerntion 
should be piven to resistance to dibea^te and insect injury, principally 
downy nuldew (Pi<wmoM/atv/ifoio(Berk,andC’urt )Ilerl. and DcToiu), 
black rot {GuigrMrdui b-idwtUli (Ell.) Vinla and Kavaz), root lot, and 
phylloxera injury Improved sue of bcriy and better quality would 
bcem desirable Vanetu‘3 adapted to the vnnous soil and climatic con- 
ditions would be of preat assistance to the mdustry m this region. 

In the third region, the northern Great Plains, cold liarchncss must 
of necessity bo of primary importance. It would seem possible to 
combine the cold hardiness of the more northcin sjiecics with the 



Figure 7. — Flower cluslrrs of muscadine grapes. Upper three dusters, sUinindlr 
blossoms, lower three clusters, pistillate or fruit-beaniig blossoms 

Size and quality of some of the improved varieties Some of the more 
hardy vinifera varieties that mature in a short growing season may bo 
hybridized with the more hardy native species to promote both early 
maturity and improved quality. 

Muscadine Grapes 

The muscadine grapes are especially adajitod to the Southeastern 
and Gulf States Selections have been made from chance seedlings 
and from the native wild vmes of Vttis rotundifolm, the muscadine 
grape. This type of grape is represented commercially by the 
varieties Eden, James, Mish, Thomas, Scuppernong (fig. 6), and 
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others lesa pionunent Ihey are used for table, local markets, juice, 
and wine The vines of tins typo are characterized by vigorous 
growth, small nonlobed leaves, simple tendrils, and small fiuit 
clusters sometimes with only a few beriies The adheience of beiry 
to iiedicel is generally poor The individual benies are globular 
T^e skm is mostly tough and leathery and sepai ates readily from the 
pulp The seeds are largo and fiimly embedded m the pulp The 
strong musky flavor is veiy characteristic 

Tlio present commercial varieties of muscadine grapes are not 
self-fei tile (fig 7) In commercial plantmgs it is necessary to include 
male vmes to poUmate tlie fruitmg varieties Tlirough crosses and 
selections by tne Department at Willard, N C , a number of self- 
fertile varieties have been produced The bre^mg work at this 
station has concentrated on the production of those self-fertile, 
perfect-flowered types Hybrids have also been obtained between 
the muscadmo CTapes and the European and the Ainencan bunch-type 
grapes The Georgia Experiment Station has also been conductmg 
breedmg work with muscadine grapes for improvement m vmo and 
fruit qualities Eleven muscadine varieties havmg impioved char- 
acters have been mtroduced foi commercial trial by the (Jeorgia 
Station Desirable (Hijectives in Breedmg Muscadme Grapes 
The muscadine grapes normally have a high resistance to disease 
and msect mjurv, and these qualities should be returned It is 
desirable to comnme quality and size of fruit with the perfect- or 
hermaphrodite-floweied types The bimch si/e might be increased 
and adherence of the berry to the pedicel developed The skm 
might be made more tender and the sweetness and flavor ameliorated 
by crossing with other grape sMcies The seeds of the muscadme 

f I apes are laiger than those of any other native species, and the 
evelopment of vaneties with smaller seeds woulci bo a decided 
unprovement 

OR Vimi-EHA Grapes 

The European or Old World grwe types have been developed from 
the one specits, Vdis mnijera The vimfero grape mduslry m the 
Umted States, representing approximately 90 percent of the total 
commercial grape production, is centerecl m California, with local 
plantmgs in other W estern States The vmes of this type are stocky 
and vigorous to veiy vigorous in growth The leaves are medium to 
very laigo and usually characteristically lobed The Iruit clusters 
vary widely with the vanety, fiom very small to very large The 
mdividual Denies range from small, as m the seedless currant t>pe 
to very laige m the table varieties While the more typical shape of 
the bemea of this type is ovoid, there are globular and elongated forms 
The skm adheres to the pulp, whereas the seeds separate readily from 
the pulp Some vaneties, such as the currant and seedless raism 
types, develop without se^s The fruit is characterized by a rela- 
tively lugh sugar content and a rich vmous flavor There are types 
smtable lor table use, distant shipping, storage, raisins, jmee, and 
wme (fig 8) I^umerous varieties have been miported from foreign 
sources for trial m the Umted States, and of course all of our present 
commercial vmifera vaneties ore of foreign ongm 
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The important table varieties are represented by Alexandria 
(Muscat of Alexandria), Alphonse Lavalle (Ribier), Castiza (Red 
Malaga), Emperor, Flame Tokay, Malaga, Ohanez, Olivette Blanche, 
Olivette Noire, and Sultanina (Thompson Seedless). The chief raism 
varieties grown are Alexandria, Panariti (Zante currant type), Sul- 
tana, and Sultanina. There are many varieties utilized for wine 
manufacture. The white varieties used for wine include Alexandria, 
Burger, Chasselaa de Fontainebleau, Feher Zogos, Franken Rieslii^, 
Gewiirz Traminer (pink)jGreen Hungarian, Muscadelle du Bordelais, 
Muscat do Frontignan, Palomino, Pedro Ximines, Sauvignon Blanc, 
Sauvimon Vert, and Semillon. The black varieties include Alicante 
Bouschet, Aramon, Barbera, Cabernet Sauvignon, Carignane, Cinsaut, 
Grenf^he, Mataro, Mission, Mondeuse, Petit Syrah, Reiosco, St 
Macaire, and Zinfondel. 

Tlie trend in vinifera grape breeding in the United States has been 
to produce more seedless types and improved table, raisin, and wine 
varieties Breeding work is beiiig^ conducted by the Department at 
Fresno, Calif , and by the California Agricultural Experiment Station 
at Davis 

At the United States Experiment Vineyard, Fresno, Calif ^ approxi- 
mately 500 seedlings have fruited, and seedless-type seedhngi have 
been produced. Earlier maturity has been promoted by crossing 
early-ripening varieties Richness of flavor has been tiansmitted by 
muscnt-fliivored varieties. Large-sized berries and n ivido range of 
berry forms have been obtained Seeilliugs with red juice adaptable 
to unfermented luice and to wine mnnufacturo have been produced 
Selections have been made of the most promising types for further 
production tests 

DesinMe Objectives in Breeding Vinifera Grapes 

In the United States the desirable objectives in breeding vinifera 
grapes vary with the purpose for wliich the fruit is intended. The 
type may be divided into table, raisin, and wine groups, although 
some varieties may be used interchangeably. 

The table group is inade^ up of varieties used locally, sldpped to 
distant markets, and held in cold storage for later use Since the 
major portion of the table-grape crop must be shipped from Cali- 
fornia to the distant eastern markets, firmness of fruit and adherence 
of herry to pedicel are of primary importance These qualities are 
possessed by most of the present shipping varieties. The quality of 
these table varieties might be improved by the infusion of some of the 
aroma and flavor of the muscat-flavored grapes. Seedlessness in 
table grapes has become an important factor. While some seedless 
varieties are available at present, improvements are possible in size, 
adherence to stem, quality, color, and extended season of maturity 
Improved early- and late-ripening grapes would have a distinct value 
in prolonging the market season. A storage grape of ^e eating 
quality would be of great value. An assortment of black, red, and 
white mpes ripening from early to late would supply a demand that 
is not filled at the present time. 

The raisin-grape group at the present time consists of currant- 
^pe, seedless-type, and muscat-type varieties. A currant-type 
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variety with the addition of muscat flivoi that would be productive 
without the annual nn^g or cutting of the b irk wlmh is now neces 
saiy would be a decicled improvement ovci piesent v unties Ihe 
present seedless type raisin vanetios could well bt in uascd m si/e 
and improved m flavor A large si/ed seedless muscat 11 ivoied 
variety would be veiy valuable to the i nsin indiistrv V sc eded 
muscat type that would set well hlled unifoim clusteis would be a 
valuable improvement 

In the wme gioup many varieties are utilized to make the vaiious 
1 inds of wune To make ceitain wine types the juice of seveial 
varieties often three or more is blended It w luld seem to be within 
the realm of possibility to blend the varieties by bleeding to piodiice 
a smgle variety with all the leqimeiiieiits foi a paitic iilar kind of wme 
Varieties with improved flavois and j iicc of a moie intense and lastin„ 
color miglit be developed At present all vinifeii viiiicties must be 
grafted on roots resistant to phy Hover i Some day y aiicties icsistint 
to phylloxera with fimt ot desiinble e|unlitv miy be ilcvelopod so 
that grafting will not be ne essuy The le^ili/ed sale ol wines has 
of course furnished an incentive topio luce a bettei piod i t and this 
will iiltmiately lesult in i ^le itei demand foi impioveil vaiieties foi 
wine purposes 

FARI Y IMPROVr MFNT Ol GRAPI S IN I UROPI 
As PULViousiY siArtD the history of \ it Jera the Puiopean 
grape begins in piehistonc times Dining, this 1 mg jiciio 1 sole tion 
was undoubtedly liigely lesponsible foi the n imeioiis v me ties on 
cemmg the origin of which we have no definite infoimation haily 
Hybridization work with this species was started by 1 oiiis incl Kcniy 
Bouschet in 1828 Their crosses were made with the definite obiect 
of combining the intense color of the Tmto with the hie,h yield of 
varieties in southern I ranee Then efforts resulted m the jno lu tion 
of thiee vaiieties Alicante Bouse het Petit Bouse he t ind Giaiid Nc ii 
de la Calmette which are still of commeicial impoitance 

In Fiance hybndization of native American species assumed very 
great importance after phylloxera had made the giafting of vimfera 
vaiieties on lesistant roots necessary Between 1860 and 1870 
diseased spots were noted m many 1 lene h vuieyards The weakening 
of the vines was found to be caused by on msec t (Phyll xeta i hJoh(u 
hitch) hving on the loots Winged forms of the insect which cause 
the formation of galls on the leaves were also found Ihe phylloxera 
IS indigenous to the eastern and central Umted States and probably 
was earned to Fran e before 1860 on rooted Amcncan vines impoited 
to resist damage then bemg caused m h urope by powdery mildew 
lUncinvia necator (Schw ) Burr) Phylloxera spread rapidly over 
h ranee and the adjacent vme growing countnes In order to save 
the vmifera vmeyard mdust^ from complete destruction it was 
founci necessary to graft the European vaneties on native Amencan 
rootstocks which were resistant to the phyUoxera msects The 
Umted States thus furnished both the disease and the cure Since 
the Amencan grape species vaned m their adaptability to the sou 
and climatic conditions of Europe, hybnds between Amencan species 

1380CM*— 37 42 
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and hybrids between Furopean and native Amenran grapes were 
utilized for phylloxera lesistant rootsto* 1 s 

Some bieeiling work to combine Ameiiean and European vines had 
been started prcvio is to 1876 by tlie School of Agnciiltiire at Mont 
pelher France Foex Millardet Viala Rava/ de Grasset Gan/in 
Coiulerc Castel and Seibel practiced similar hybiidi/ing work which 
resulteil in pioducing many rootstocks resistant to phylloxera and 
adapted to iliftcrent soil types Diiect protliicing vaiietics were also 
sought that would combme the resistance of the Amtncan species with 
the fruit (pialities of Fihs nn fera Many direct prwlucing vaneties 
were originated through bietding While the efforts were most 
successful in producing resistant lootstocks that aio used totlay in the 
vmifeia iigions of foreign countries as well as the United States ideal 
direct piodmmg fniit typos weie not obtamed A stait was matle 
however which may eventually bring lesults 

Phylloxera infestations occuned early m the commercial vimfera 
plantmgs in California The only piesent methoil of control that has 
general application is the use of resistant rootstocks on which the 
vimf era grape vanetii s ai e grafted These rootstocks are of Amencan 
species and hybnds of Amencan species though the actual develop 
mont of them occurred in Europe wheie phylloxera ravaged the vine 
yards bcfoie it became senous in Califoima Up to this tune the 
vmifera grape industry in the United States has aepended for stocks 
on these sptcies st lections and hybnds made m Europe The adapt 
ability of the stocks to the vaiious sod and clunatic conditions and 
their suitability for the vinifeia vanities in the United States have 
been tested by federal and State workers Breeding work is now 
under way foi the pioduction of impioved stocks for the vmifera 
r^ons of the Uniteil States 

PRFSrwr &RAPL BREEDING WORK 
IN OTHI R COUNTRY S 

CzbCHOSLOVAKIA 

TNVFBncATiONb m giape breedmg in Czechoslovakia are under the 
direction of Albert btummer m Nikolsbuig and Dr 1 ranz Fnmmel in 
Biiinn Tius work located at the extreme noithem edge of com 
mercial giape growing in Europe mcludes tlie testing of resistant 
stocks hybiidization of vaneties to secure wine and table gr^es well 
adapted to northern pioduction and related investigations Crossing 
and selling of many vaneties has been done 

France 

Flench investigatois through selecting and breedmg rootstocks 
resistant to phylloxera and congenial to vmifera vaneties, saved the 
industry of Europe after phylloxera was introduced A number of 
pnvately supported expeiimental vmeyards as well as a few publicly 
supported research stations are still working on resistant understocks 
alro on hybndizmg Amencan species with vmifera vaneties to secure 
vaneties sufficiently resistant to giow on their own roots and be le 
sistant to downy mddew {Plasmopara) and that wdl produce fruit of 
value Work of this type is under way in the Cognac region 
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Gkrmi>\ 

Grape breeding w conductetl at se\eral iioints in Germanv as 
follows: 

Ahey Grape Experiment Station (Leader, Graj)e Inspector Scheu) — 
Crosses are made with the objective of secuniifc oarly-ripeiiirij^ and 
vigorous, good-quality wine grapes and also a scries of table-grape 
varieties ripening from early until extremelv late that are well adapted 
to the Rhineland area. From 15,000 cross-bred seedlings, 450 selec- 
tions are being tested 

Freibvr^; Badmehes Weinbavinatiivte (Director, Dr Muller) — 
Breeding investigations are to secure varieties giving very liigh wine 
quality Crosses of Syl voner X Rulander hav e giv en exceptional w-mo 
quality and are being tested on various rootstocks. Resistance of 
varieties to downy mildew and the development of varieties having 
dark-red juice are other objectives Twenty-five selections produemg 
dark-red wine have been mode 

Geisenhem a Rh ; Vermchs- vnd Fort.ehvng'^andaH Jut Wein-, Obal- 
und Gartenbau (Director, Prof Dr Rudloff, m chaigo of gruiio inves- 
tigations, Dr Birk) — The w'ork includes nttemiits at improvement 
of the varieties through clone siiection; the breeding and testing of 
phylloxera-resistant rootstocks having good adaptation and an aflinity 
to the important varieties and that ate lesistunt to diseases; and tlie 
breeding of early- and late-riiiening, high-quality table gia|)es 

Mvtncheberg; Kaiser Wilhelm-lnstitut jur ZvcIUvngJoiwhung (Direc- 
tor. Prof Dr. Rudorf; in charge of grape investigations, Dr llusfeld 
ana Dr Seller/) — Investigations aie primarily to develop disease- 
resistant and insect-iesistnnt rootstocks, vines, and varieties Seed- 
hugs «re grown by the hundreds of thousands and exposed to disease 
infection Fifty thousand seedlings resistant to PlasmoiMiia have 
been found Their stock computability and value for wine leiuam to 
ho tested 

Weinsherg; Wri/ttembergikehe Andalt jur Rebemuchtviig vnd Reben- 
pjropjung (Leader, Mr lieiold) — The work consists orimarily of the 
testmg of understocks against phylloxeia and the nevelopment by 
hybridization and testmg of red-wine vuneties. 

’ Wurzburg; Staatliclie IlaupMelle Jvr Rebenzuchtung (Leader, Dr 
Ziegler) — Breeding investigations include clone selection and hy- 
bridization between grapo varieties Some 200 protective vaiieties 
from crosses between varieties are now under test Breeding of loot- 
stocks resistant to Plasmopaia and phylloxera, and showing good 
aflinity with varieties, has resulted in about 1,500 selections that 
appear resistant and are receivuig further test Development of 
direct producers that combine lesistance to phylloxera and diseases 
with good frmt and wine characteristics is also bemg attempted 

Italy 

Grape-breeding experiments have been actively conducted at 
various places in Italy. Special attention has been given to the hy- 
bridizing of American vines for rootstocks F Paulsen, A Ruggen, 
C Grimaldi, and C. Montoneri, working principally m Sicily, have 
produced hybrids of American vines for rootstocks. Some of the 
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more promiBinf' productionq are Paulsen hybrids (Vttis berlandien X 
V rupeftns) Nos 771,775,779 and 1103, (V berlandien X {V npa- 
naXV rupestns)) No 1120, {V berlandien X (Aramon X Rupestns 
Cmn/in)) No 1045. (V berUtruhenX (Mouivedie X V 1202)) 

No 1323, Ruggen hybrids (P berlandien X V rupe'.tni du Lot) 
No 140, (V heilavdienX V n/)am)Nos 225, 240, and 325 Othei 
hybrid rootstoiks hive been originated in Piigha by & Ceccaitlli 
and V Probooii 

Breeding loi bt tter table-grape vancties has been ( ondu< tod by 
Alberto Pirovano, dirc«tor of the Institute of Fruit Culture and 
Lle< togenctu s at Rome Ciosscs and ba<k( losses have been matle 
with a numbei of vinih la vineties Among the most interi sting and 
notowortliy strdhngs prodmed are Pnmus, Tcrmidoro, Deli/ia di 
Vapiio Itiha, Auroia, Galvam, Pcrlona, Angelo Piiovnno, Teresa 
Pirovano, and Pnnoipessa di Piemonte 

V Piospen, direitor of the Royal Nmsery of Aniciuan Vmes at 
Velh tn, has also obtained some interesting table-giape seedlings Of 
speiial note aie No 167 (Mosiato de Terracma X Chassclas Vibeit) 
and No 8 (Panso Pie<oee X Moseato Fior d Aramco) 

The Royal Lxpenment Station of Viticidture and Oenology ot 
Conegliano founded in 1023 began hybndi/ing work with ViUs 
mmjera Paitu ulai att< ntion ha* been given to the production of new 
typos ot wine and table giapts with icgaid to their adaptability to the 
natunl conditions ot noithem Italy The woik of tins station was 
planned by Dire< toi O D Umasso and L Man/om Italuii and Fn n< h 
vancties of V unijeta have been used in the giape-bieecbng woik 
Better typis have been seemed so tii from < losses ot Trebbiano X 
Trammer ]*ioso< co X C ibeinet Sauvignon, Tiebbiano X Veidiso, and 
Btsgano X Moseato de Ambuigo Moi< rcecntly the Conegliano 
station has staited hybiidi/ation of V niiifeta with Amentan vints 
and hybndi/ing Amcn< an vines for the piodiution of new rootstocks 
more adapted to conditions in the Piovince of Vcnc/ia 

Union of Sovilt Socialist Republics 

The following outlme of the grape investigations in the Umon of 
Soviet Socialist Rc publics his been taken fiom Plant Bieedmg in tin 
Soviet Union, by N I V ivilov, piibhshod by the Impel ml Bureaux of 
Plant Cnnetics, Cambnilge and Aberystwyth, 1933 Fourteen plant- 
breeding centcis, (oveiing eveiy section of the Soviet Umon, con 
stitute regional headqiiaiteis for breeding woik covering all agncul- 
tuial crops These aie all under the diiection of the Institute of Plant 
Indubtiy, N I Vavilov, diiectoi The giape pioginm includes tlie 
following 

(1) Immunity (o) Phylloxera Bneding resistant varieties by method of 
cyclic crossing of Vttis nnifera with American bpecicB and obtaining generations 
up to I ] and Ft (with study of characters of phylloxera) (b) Mildew Breeding 
resistant varieties by method of ctcIio crossing of V tnnijera with American species 
(obtaining generations up to It and 1 1 , and study of resistance to mildew) 
(c) Oidxum Breeding resistant forms by method of cyclic crossing of V nmfera 
with American species (obtaining generations up to Ft and Ft and study of resist 
ance to Oidi <m) 

(2) Resistance to frost and u»ld Breeding rihintant varieties by means of 
VUis nnifera X V amureMii with study of this character 
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(3) Vegetative Bidding early and later varieties (in order to extend 

their cultivation northward) by means of intercrossing of V. vxmfera and also by 
crossing with other Vilis species ^ 

(4) Chemical characters Hreeding of dessert varieties with transportability, 
varieties for wine and alcohol-free beverages (sugar and acid content) 

(6) Specie characters- (o) Preliminary work, on study of characters related 
to transportaDiHty ana Btoring; (6) study of seedless varieties in order to obtain 
productive seedless strains; (c) study of character of rooting in VUts 

(6) Problem of sex. Study of heredity of sex in order to obtain seU-fcrtile 
varieties 

(7) Self-sterility and self-fertihty Study to improve yield 

(8) Permanent modifications Genetic study (yield of qiinnt itati ve characters) 

(9) The origin of cultivated plants Comparative genetics of wild V't/i* species 

(10) Chimeras (o) Study of chimeras in order to find agriculturally valuable 
characters; (6) production of ehiincras of piaetieal value; (c) qualitative inequality 
of ontogenetic system of individuals 

Vilis should be included m studies of inbreeding 

Phytoiiathologv and entomology Methods of inoculation of seedlings with 
phylloxera, downy mildew, and Otdtvm Testing of siH-dliiigs for resistance to 
phylloxera under vanotis eculogieal conditions 

Physiology Stimulation of seedlings and seeds to acwlcrated growth and fruit 
bearing. 

Australia 


The Department of Agriculture, New South Wales, Aimtrnlin, at its 
Yanco Experiment Fann, started grape breeding m 1928, under the 
direction of II. Wenholz, to produce a black table grape of high quality 
and with the shipping qiiality of Ohanez. Breeding for disease re- 
sistance and for the production of seedless raisin and table varieties 
has been in progress. 

ACIIIEVKMENTS AND NEEDS 

The major portion of the grape-bi ceding work has been to improve 
quahtj. Quality is an elusive factor. In quality of fruit, native 
American types arc considered inferior to the vinifera typos. The 
quality of fruit has been improved where our native varieties have 
been crossed w ith the best-quality varieties of VUih vin ijet a. Improve- 
ments in cluster and berry types have been made by combining differ- 
ent native species. Grape rootstocks have been developed through 
hybridization which have suitable resistance to phylloxera and are 
ad^ted to various soil types 

fftee results so far obtamed indicate that grajie improvements can 
be obtained through hybridization The field of grape breeding is 
still relatively new. There is need for more information, especially 
on the inheritance of desirable characters such os size, quality, seea- 
lessness, cold hardiness, disease and insect resistance^ and adaptability 
to environment. Collections of species, native American varieties, and 
European varieties are available as breeding material. Progress 
has been made, but continued improvement is possible. Better qual- 
ity, more attractive appearance, and a prolonged season will re- 
sult in increased demand and consumption, to the ultimate profit 
of the grape industry. 

INHERITANCE IN GRAPES * 

Early grape breeding was carried on mainly to obtain desirable va- 
rieties or stocks, and httle attention was given to the study of inherita- 
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bio qualities As mtensivo breeding woik has been in progress a rela- 
tively short tune, and the tune necessary fiom seed to fruit m one 
generation of grapes occupies oidinniily from 3’s to 5% years, only 
limited data are avulablo on the transmission of mheiitable quabties 
Genetic and cytological research projects at State and Federal institu- 
tions are listed m the appendix material 
The somatic chromosome number of most vmifera grapes and most 
American bunch-grape species is 38 Gigas foims of Amencan and 
vmifera varieties are tctraploids •with 76 chromosomes m the somxtn 
tissues Most Ameiican bunch-grape species will cross readily with 
one another and with vmifera vaneties, fomung fully fertile hybnds 
The two muse xdine species tioss freely with eich other with fertile 
hybnds resulting Tlie muse idmcs and vinifei a vanetic s or Amencan 
bunch-grape tjpes are ciossed with some difficulty, and the Fi hybnds 
of those crosses gencially set but few if any fiuits 

One important commercial consideration concerns tbo chaiacter of 
grape flowers — whether the stamens aie upright or reflex At the 
New York (State) Agncultural Expeiiment Stvtion, crossing two 
vaneties with reflex stamens gave m the Fi a latio of 1 reflex to 1 
upright in the resultant progeny Ciossing upiight stamens with 
reflex stamens gave the same ratio, while ciossing two vineties with 
upnght stamens gave 4 3 upiight to 1 reflex m the 1 1 progeny Irom 
crosses of vmifera vaneties with upnght stamens at the Umted States 
Expenment Vineyard, Fresno, Calif, the latio of upnght to reflex 
stamens in the F, soocllings was 5 4 to 1 
In color of fnnt, white is a recessive character, and only white- 
fniited progeny results when two white-fniited vaneties are oro^^8ed 
Both red and black are dominant ovei white, and most of the red and 
black vaneties studied appear to be hetero/ygous for color 
The investigations of Hednck and Anthony (5) at Geneva, N Y , 
reported m 1919, relative to color, indicated that crosses of black 
fruited and whit^fruited vaneties gave in the h, appioximately 3 
black-fniited seedlings to 1 white-fruited Black-fruited and red- 
fruited vaneties segr^ated into these colors only when selfed oi 
crossed At the United States Experiment Vineyard at Fresno, Calif , 
the segregation obtained m the hrst and later generations of crosses 
among vaneties with colored fruit has vaned with the different parent 
vaneties used It would appear that the majonty of colored grapes 
on which data are available are heterozygous for both red and black 
color 

Dunng recent years attention has been given to the ongmation of 
more seedless vaneties of grapes through breeding A B Stout, of 
the New Yoik Botanical Garden, m cooperation with the New York 
(State) Agncultural Experiment Station, has produced seedless or 
near-seedless types by using the pollen from the present seedless 
vimfera vaneties to pollmate Amencan-type vaneties At the United 
States Experiment Vineyard, Fresno, Cahf , crosses have been made 
between the seedless vmifera vaneties and many of the seed-beanng 
vmifera vaneties Of the seedlings that have mated to date, 12 4 
percent have produced seedless-type fruit in the Fi generation The 
production of seedlessness m the F, generation has proved the value 
of seedless vaneties as male parents to produce new seedless types 
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While the inheritable factoi for see llesMiess has not been ileteiinined, 
progress has been made in developing moie seedless vnnetics foi 
breedmg work, some of which miy also he of commercial value 

SELECTED REFERENChS ON GRAPJ BRPhUlNG 
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SUMWAKY Ol- PrI-SFNI GrAPE BREEDING IN IHh UnIIED StATFS 
Cahjornia 

Main grape breeding work htarted in 1931 to produce new sctdlcbs varieties 
improve the quality of table varieties, an<l to study genetic factors Crossts and 
bclfcd varieties hive yielded approximately 3,000 secdlingb The chromosonu 
numlier for Sultanina was found to be S'! and of the Gigas types to be 76 Ureeding 
material includes a largo numlicr of vmifera varieties and a collection of native 
American species Selfed seedlings are being grown of the following varieties 
Alexandria (Miis<»t of Alexandria) Alphonse 1 avallee (Ribicr*), Angiilato 
Black Corinth Chaouch, Chasselas Cioiitat Diamond Jubilee, I mperor, I lame 
Tokay, Gros Ceilman, HunisaX Muscat, Malaga, Malvasia Bianca, Molincra, 
Miiscatello 1 mo, and Ohane/ 

Seedlings have lieen obtained from the following crosses Alexandria X Black 
Corinth Alexandria X Sultana, Alexandria X Sultanina, Alexandria X Sultanina 
Olgas, AlexindriiX Suit inina llose i. Ale xandriaX White Corinth, Alphonse 1 a 
valleeX Monukka, Alphonse I av illee X Sultana, Alphonse I aiallecX Siiltanini 
Alphonse I avalli c X Sultanina Gigas, Aiigibi X Sultanina, Black Morocco X 
Golden Muscat, Burgrave X Monukka, Biirgrave X Sultanina, Chaouch X Alexan 
dria, Chaouch X Black Corinth ChaoiuhX Monukka, Chaouch X Sultana, Cha 
ouch X Sultanina, Damas Rose X M< nukka, Dainas RoseX Siiltaiiin^ Dam is 
Rose X Sultanina Gigas, Dattier de Beyrouth X Monukka, Dittierde Beyrouth 
X Sultanina, Diamond Jubilee X Monukka, Diamond Jubilee X Sultanina, hin 
peror X Monukka, hmpcrorXSultiniiia 1 lame Tokay X Black Corinth, Ilanie 
Tokay X Monukka, Flame 1 okay X Sultana I lame 1 okay X Sultanina, I lime 
Tokay X Sultanina Rosea, Flame Tokay X Whiti Corinth, Golden Muscat X 
^iimsaX Muscat), Golden Muscat X Sultanina, Gros Colman X Monukka, Gros 
Colman X Sultanina, Gros Colman X Biiltaiuns Gigas Gros Colman X bultanin i 
Rosea, llcnabX Monukka, HunisaX Black Corinth, HuniBaX Golden Muscat 
HunisaX Monukka, H iinisa X Sultanina, HunisaX Sultanina Gigan, (HunisaX 
Muscat) X Golden Muscat, (HunisaX Muscat) X Malvasia Bianea, (Hiinisa < 
Muscat) X Alexandria, Madeleine Angc vine X I ughenga, Madiesficld Court X 
Monukka, Madresfield Court X Sultanina, Malvasia Bianca X Sultanina Marvel 
(It Vauclusc X Malvasia Bianca, Moline raX Monukka, Molinera X bultanma 
Muscat Blowers X Monukka, Muscat Blowers X Sultanina, Muscat BowoodX 
Black Corinth, Mubcatcllo 1 ino X Sultanina, Muscat Gigas X Alexandria, Miis 
cat Hamburg X bultanma. Olivette Blanche X Monukka Olivette Blanche X 
Sultanina, RambelaX Monukka, Rambela X Sultanina, Trivoti X Monukka, Tn 
voti X Sultanina, Zabalkanski X Monukka 

Georgia 

Grapc-brci ding work is eiitinly with Vitti rolumhjoha to improve vine and fruit 
qualities of the muscadine giapes 1 Icvcn varieties have been introduced from 
1919 to 1934 Breeding material includes a number of muscadine varieties anil 
station seedlings Table 3 gives the varieties intrexluced 

Tabif 3 Grape cnrnrie* introduitd by thi Georgia hrpirinimt 'nation 


Spalding 

Siucicey 


s in Mnnia X wl ito n ile 
Hunt X white milr 
scuppernone X Mirk it ilc 
Flowers X white n alo 
1 honiaa X black d ale 
Irene X unkne wn male 
seuppernong X blaek nude 


senp^gme 


[onta X unknown m 


Prolutlive hish suear conipn 
High sugar content 
I ro luetive idhrrence thin si 
Vigorous adherence lirse 
1 irge Bttrictive apoeiranre 
Produrtive good cli 
Goo I quality sweet 
Good clusters long se 


< ll] h( nse I avallee la grown coinnien iilly in I alifornia i 


I Ril ler 
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Maryland 

Gra^breeding work was start^ in 1912 Tht mam attempts were to develop 
^ ^ly blackmpe of lugli quality A stud> was made of tlu uiluntance of 
fruit color Whde an early black grape of quality foi Maryland conditions was 
not obtained, a few aeedlings were propagated in 1929 for further test, some of 
which show promise aa desirable varieties 

See^mgs were grown of the following open pollinated varieties Bailey, Brilliant 
Creveling, Goethe, Lindley, Iiicile, Mtncadd Red Giant, Salun Wilder, Wood 
ruff, Worden, Wyoming Seedlings were also obtained from tlu foUowmg crosses 
Agawam X Clinton, Brighton X Wmchell, Campbell X Windull, Clinton X 
Black Hamburg, Delicious X Windull Diaiii X Clinlon Diimond X Clinton 
hclipae X Bnlhant, I indle> X Clinton, Lindky X Campliell harlj Iindliy X 
Winchdl, Moore Early X Winehell Salem X Clinton, WincluU X Brilliant 
Wmchell X Clinton, Winehell X Worden, Worden X Winchdl, Worden 
Clmton 

Minnesota 


Grape breeding has been m progress since 1908 Ihe eailv work stressed tin 
use of Beta as a hardv parent in combination with tlu higliir ipialitv v initus 
Araw am, Campbell, Concord Delaware, J me s\ilU Jessua lulu Salim and 
Witt In later woik since 1922 selected scedlii gs fiom these crosses have been 
used in further breeding work bv intercrossing eiossing with various desseit 
varieties, and inbreeding Breeding studies have Ix'en eonducted, principally 
with respect to winter hardiness Seleetions have Ixen in lelc to devi lop homo 
^gous material for genetic studies and foi siiiuiior value in bleeding w irk 
Cytological studies have luen ni vde on ) eille n ekvelu|>iiu iit with sjuunal rtfe le nee 
to htt.rility A thromeisome luimixr of 2H was ddeimined m the Beta grajx 
usmg root-tip mateiial iit making tlu count deteimiiiations 


Missouri 


Grape breeding has been m progress since 1933 I arbor crosses were maek 
with the objective of Ixtter qiialitv improved vigoi, and inoie rtsisfaiut to 
disease Seedluigs have Ix^n obtained from the following gnyx crosses Camii 
liell Early X baton Columbia X 42 18, Concord X Caeo Concord X 1 aton 
Concord X 42 18, Coucoid X Tiiumph, 42 2 X 42 8 44 5X Caco 44 5 X 
Concord, Goethe X Concord, Gextlu X 42 8, Herlxrt X Agawam, Herlxit X 
Concord, Herbert X 42 8, Hubbard X Beta, I clqise X Eaton, Iclipsc X 42 8 
Fchpsc X Triumph, Lindley X Caco, Lindley X Concord, I indley X 42 8 
Linelley X 4^17, Lindley X Triumph, Moore barly X Cico, Mooic 1 arly X 
Concord, Mucnch X Beta, Mucnch X 42 17 Muench X Triumph, Triumph X 
Concord, Triumph X b aton, Tniimph X 42 17, Tnumidi X Portland 

In 1936 Concord and Moore Larly were crossed with Tindky Herlxrt and 
Barry (Rogers Iwbnds) to develop self fertile vanetics with some of the desirable 
qualities of the Rogers hybnels 

New York 

Grape breeduig work at Geneva was started in 1888 Mure tlian 30 000 graju 
seedlings have been grown at this station Sclhng and crossing have been used 
extensively Of 282 selfed varieties and selfed seedlings, no seedling aptxsaied 
worthy of commercial trial Ihree hundred and twenty five varieties aiui seed 
lings have been used m the breeding work Particular attention has Ixs n given 
to vigor, hardmess, productiveness, disease resistance, and quality of fruit In 
connection with the breeding work, a study has been made of the transmission 
of different characters Reports have been made on the inheritance of stsmen 
characters, color of fruit, and transmission of other vine and fruit qualities 
(jhromosome counts give a diploid number of 38 in the grajK vanetics and species 
studied, excepting several Gigas strains, which give a count of 76 Some seedlings 
with the tnploid chromosome numlier have recently been produced 

In cooperation with the New York Botanical Garden, extensive breeduig work 
has been carried on mainly for the production of seedless voncties suitable to 
eastern conditions Reports have bron issued covenng this phase of the work 
From 1907 to 1937, 21 vaneties have been introduced as the result of breeding 
work conducted at Geneva and Fredonia, N Y , and m cooperation with the 
New York l^tanical Garden (table 4 ) 
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Tabik \ — Grape varietur uurodiuxd fry the Neu York Stau Affuultural Experunenl 
Station (Geneva and fmlonia) 



1 rum the foUmAiiiK (iosm.h at the New 'Voik (Gnu va) htatiou, 6 seidhngs lia\L 
been propagated for naming, 35 for extensive trial, and bh for a email trial 
Ontario X bheridaii Sheridan X Ontario, Ontario X Gros Giiillaiimt, Ontario X 
Black Corinth, Ontario X Hubbard, Ontario X Moore Early Ontano X Mueiat 
Hamburg, Eclipse X Portland Iona X Ontario, Herbert X Watkins, Concord X 
Sta' 10085 ( rnumph X Mills), bta 10115 (Triumph X Mills) X Concord, Port 
landXMooro Early, Wayne X Iona, Hubbard X Gros GuiUaume, Hubbard X 
Golden Muscat, Zmfandel X Ontario, Mead No OXNoir Hatif da Marseille, 
Golden Muscat X Waynt , Golden Muscat X Sultanma, Sta 10842 ((Herbert X 
1 riumph) X (1 16 X Jefferson)) X Sultana, Sta 7408 (Ross X Mills) X Moore Earlv 
Sta 8691 ((IonaXVciwnnc8)X Jefferson) XKhalili, Sta 8b91 (Iona X Vergenm s) 
X Muscat Hamburg, Sta 8717 (Kensington X Triumph) X Watkins, Sta 9104 
(Triumph X Iona) X Seneca, Sta 9104 (Tnumph X Iona) X Seneca, Sta 10420 
(Muscat Hamburg X Ripley) X Khabli, Sta 10439 (Bakator X Diamond) X Seneca 
Sta 1052b (Muscat Hamburg X Ripley) X Melton, Sta 10774 (Ghasselaa Besson X 
Diana) X ((Triumph X Sta 116) X Jefferson) X Muscat Hamburg, Ste 10b06 
(Frankenthal Prccoco X Diamond) X Ontano, Sta 10108 (Triumph X Mills) X On 
tario, Sta 10144 (Mills X Triumph) X Dunkirk, Sta 8536 (Goff X Iona) X Ontano, 
Sta 7408 (Ross X Mills) X Ontario, Sta 10526 (Muscat Hamburg X Ripley) X 
Khalili Pniuipal grape varictus used in breeding work by the New York 
^taU) Station » Agawam, Barry Btrckmaiis Brighton, Butler, Campbell, 
Catawba, Champion, ♦Chasselas Golden, Chasselas Rose, Clinton, Colerain, 
Collier, Concord, Concord Seedhs*, Cottage, Croton, Daisy, Delaware, Diamond, 
Diana, Dutchess, Eclipse, Frankcii Riesling, Fredonia, Goethe, Golden Muscat 
♦Herbert, Hubbard, Hubbard Seedless, *100^ Tcssica, Keiikaj Lindley, Lucile 
Manito, Massasoit, Meltom *Mills Moore Early, *Musoat Hamburg, Noah 
♦Ontario, Fanariti, Pekin, Petit Syrah, Portland, Regal, Ripley, Rosaki, Salem 
Secretary, Seneca, Sheridan, Stout Seedless, Triumph, Urbaiia, Vergennes, Wayne, 
Winchell, Worden, and also station seedbngs nos 7408, 8536, OlSO^nd 10910 

Grape material available for breeding in addition to Amencan ISuvitis vaneties 
includes early-matunng vinifcra varieties and the following list of unusual varie 
ties 

From Afnca Primativo, Roiissanne 

French hybrids Caperan, Commandant, Bcrtile, Seyve 2667, Cartier 1, Ma- 
legue 2049-3, Peage 5-10, Seibtl 2, 14, 1000, 4629, 4643, 6186, 6296, 6437, 6466, 

6760, 6898, 6339, 6906, Villard 2-108 

' Sta denotes ataUoa seedliiiK 

' An asterisk (*) denotes varieties tliat bave made good parents others may appear 


latn- 
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From Hungary Konigin Fhzabeth Komgin der Weiiigartin, MaUga Bleu, 
Millenium Straube, 8/autcr Musk ’ 

*^»‘ublus Vlbourla Anib il Cadi Ai>ai)nish 
^.te Buaki^ Charas, Hi^kaaj, Maska. Muscat dt Crum R.sh B ibi Ros; 
laifi, Isabsa, feaid Galumi, hhiuargani, labvni lir C.ulmtr White Cliilaki 

South Dakota 

Many sccdbngs of the wild grape of the Dakotas wtrt grow ii but littli variation 
md no api>areiit improvement over the wild tjiie was iiotieid Ihis kd to the 
Tossing of the wild grai>e of the Dakotas w ith clioitt Ameiicaii tvi>c grapes Ihc 
lardiness of the wild tv|K Vi/m vnlptna appeared to be Mroiiglv doiiimant, and 
12 vanetu s that appeared hardy and that liav e superior fruit qualities for the inori 
lortheru regions were introduced m 1*)25 
Table 6 indicates the parentage and some of the superior qualitiis of grain, 
iiancties introduced bj the Isoutli Dikota Station 



Grape breeding work started in 1935 Sudliiigs of sclfed and crossed varieties 
*re being obtained in an attempt to inipiove fruiting varieties relative to vigor 
adaptabdity, disease resistance and fruit qualities Breeding material includes 
vinifera and native varieties and native grain species Siedlirigs have been 
obtained from the following sclfed varieties Allsga ilvicand, 1 xtia, Loinanto 
Marguentc, Mathilda, and R W Munson 


Virginia 

Graiie-breeding woik started in 1930 by raising seedlingb of open pollinated 
standard varieties Varietal crosses of American native varieties weic made in 
1935 The mam objective is to improve the flesh quality A study is l>eing 
made of pollen compatibility, fruit characters and resistance to disease 
From open-pollinated blossoms seedlings have been grown from Uie following 
varieties ^atewba, Concord, tumelan, Moore Early, Niagara, and Worden 
Seedlings are also being grown from the follow mg controll^ crosses Agawam X 
Amber Queen, Agawam X Barry, Agawam X V L B , Amber Queen X Agawam, 
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Anil)cr Queen X Catawba, Eumtlan X Catawba, Eumclan X Delaware, Eumelan X 
Wilder, F umelan X Worden Lumclan X V L B , Niagaia X Worden, Wilder X 
Amber Queen, and belfed seedlinga of Agawam, Catawba, Delaware, and Regal 
Two seedlings of earlier trobhes were introdueed in 193(1 VLB (Campbell 
I arly X Herbert) and Age 1 (Agawam X Regal) 

United Slates Department of Affieukure 
Grapc-brccding work was started with vinifera varieties at Fresno, Calif , m 
1923, to produce seedless varieties suitable for table anel raisin use , quality table 
varieties, and juiee varieties Crosses have been made between many vinifera 
varieties, using the seedless varieties as the male paients I arge-berry varieties 
have been useel to increase si/c, and highly flavored varieties to improve quality 
Seedlings of standard vaiietics, stlfed seedlings, and baekerosscs are being grown 
to study genetic characters and the possibility of obtaining desirable qualities 
home cytologic d work has been done on pollen devcloiiniont and the develop 
ment of the ovuU Studies have been made on the inheritanee of vine, flower 
and fruit characters 

Seedlings are bung grown of phylloxera resistant stoek varieties and crosses 
of stock varieties for further studn s on rootstocks re sist iiit to root knot nematode 
Varietal improvement through the selection of bud sporls is in progress Pub 
lications have been issued on the progress of the brceeling woik and the produc 
tion of seerile ss varieties Grape lire teling material includes 338 American native 
varieties, 95 I raneo American direct piodiieers, 13h phylloxe ra resistant root 
stocks, over 550 varieties of Vi/ts etni/ero, and in aeldition over 200 more recent 
Plant Introduction numbers from foreign sources 

Se ceilings of the following crosses have been obtained Mexandru X Aheante 
Bousehet, Alewiidria X Monukka, Alexanelna X Calmette, Alexandria X 
Corinthc Blanc, Alexandria X Corinthe Rose, Alexendria X Dsmas Rose 
Alexandria X Hunisa, Alexanelna X Malaga, AUxaiidiia X Panariti, Alex- 
andria X Sultanina, Alexandria X Sultanina Olgas Alexandria X Siiltanina 
Rosea Fmporor X Moiiukkt Eiiipijor X Maraxille do Malaga, Emperor X 
Sultanina, Flame lokay X Monukka Flame Tokav X Mxrivillc de Malaga, 
Flame lokav X Sultanina, Gros (uiilluime X Monukkt (iros Guillaiiine X 
Maskah, Cros Guillaume X Sultanina (iigas, Malaga X Moniikk i, Malaga X 
Siiltaiiina, Mara\iUc de Malaga X Moniikk i Maiaxille ele Mdaga X Sullsniii'i, 
Msiavillede M ilaga X Sultanina Gjgas, Maraxilleele Malaga X Tigonti Rouge, 
Maskah X Cros Guillaume , Muscat Hamburg X Monukka, Muscat Hamburg X 
Pauarili, Ohaner X Monukka, Panariti (sjiort) X Monukka, Pi/zute 11a X Monuk 
ka.Rodites X Monukka, Hodites X (<ios Guillaume, VignedeZiricho X Rexlites 
Seedlings lin\e been obtained from crosses of station seedlings and standaid 
varieties as follows (Alexandria X Monukka) 0643 X Monukka, (Alexanelna X 
Monukka) 96410 X Monukka, (VltxandnaX Coiinthe Rose) 105616 X Monukka, 
(Alexandria X Corinthe Rose) 105713 X Monukka, ( Mcxanelria X hiiltanina) 
96312 X Sultanina, (Damas Rose X Monukka) 8635 X Monukka (Dainas Rose 
X Monukka) 86310 X Monukka, (Daiiiaa Rose X Monukka) 8640 X fuiltaniiiu 
Gigas, (Damas Rose X Monukka) 86311 X biiltainiia Ciigas, (Miiseat Hamburg 
X Monukka) 100312 X Monukka (Muscat Hamburg X Monukka) 106312 X Mo 
niikka, (Pi//utellaX Monukka) 10644 X Monukka, (Pi/^utella X Monukka) 10640 
X Monukka, and Miiseat Hamburg X (Vlexanelria X Sultanina Rosea) 96312 
Seedlings of the following selfed vaiietica are being grown Agadia, Alexandria, 
Cangnane Chaaselas Cioutat, Chassclas Don, Chassolau Rose ele Palloiix, 
Cinsaiit, Ci iblis Biirgiiiiely, Fniiieror, 1 lame Tokav, Poster, tiros Guillaume, 
Lenoir, Malaga, Maraville dc Malaga, Maskah, Mission, Muscat Hamburg, 
Mondeuse, Panariti, Palomino, Petit Svrah, Prune de Cazouls, Sam ignon Vert 
Semillon, Svlvaner, Iraininer, Zeine, Zmfandel, and seeellings of the following 
Plant Introduction nos 105074 to 107086, inclusive, 106922, and 107007 

becellingg of the following sclfcd station aeedliiiga are being giown (Alcxaii 
dna X Alicante Bousehet) 9682, (Alexandria X Alicante Bousehet) 9591 5 (Ah x 
andna X Alicante Bousehet) 95910, (Alexandria X Monukka) 9623, (Alexan- 
dna X Monukka) 9627, (Alexandria X Monukka) 9628, (Alexandna X 
Monukka) 96311, (Alexandna X Monukka) 96317, (Alexandria X Monukka) 
96319, (Alexandna X Monukka) 9642, (Alexandria X Monukka) 9646, (Alex 
andna X Monukka) 96419, (Alexandria X Calmette) 96017, (Alexandna X 
Connthe Rose) 106616, (Alexandna X Malaga) 9671, (Alexandria X Malaga) 
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96818, (Alexandna X Malaga) 10687, (Alexandria X Malaga) 105916, (Alc^- 
andna X Panariti) 9M3, (Alexandna X Panarili) 9118, (Akvaudna X Siul 
tomna) M212, (Adexandna X Sultanina Rosea) 9612 (Alcsandria X Siiltanina 
^sea) 96216, (MuBcat Hamburg X Monukka) 106211, (Miistat Hamburg X 
Monukka) 106212, (Muscat Hamburg X Monukka) 10033, (Muscat Ilanilmrg X 
Monukka) 1^7, (Muscat Hamburg X Monukki) 106312, (Muscat Hamburg X 
Monukka) 106316, (MuMrat Hamburg X Pananti) 8621, (Muscat Hamliurg X 
Pananti) 8623, (Olivette Blanche X Muscat Hamburg) 10616, (Olivette 
Blanche X Muscat Hamburg) 10626 (Olivette Blanche X OlivitU Noire) 9563, 
(Olivette Blanche X Olivette Noire) 9564, (Olivette Blanche X Olivette Noire) 
9666, (Olivette Blanche X Olivette Noire) 9572, (Pi//uUlla X Monukka) 10649 

Seedlmfi of Vuufera grape croeiM that have fruUed at the I rano station of the United 
States Department of Afficulture 


Farentaiie Sapenor qualil iis oU i nc 1 

Alexandria X Alicante Boiisthel Productive, Mgorutis, led jiiui, neh flavor 

Alexandria X Monukka Productive vigorous, si idliss muscat flavor, 

adherenee 

Alexandria X Calmette Prodiictne, red jiiici riiliflieoi 

Alexandna X A'lhitc Corinth Producfivc ill white fruit 

Alexandria X Corinthc Rose Productive, some red fiiiit neh fla\ n 

Alexandria X Datnas Rise Pi oduetive, large si/e beir\ 

Alexandria X Hunisa Vigorous 

Alexandna X Malaga Piodiiclive, Urge si/t (liislir and berrv, 

iieh flavor 

Alexandna X Pananti Proeliie five, none see elk ss 

Alexandria X Sultanina Productive, vigorous, seedles no muse it 

flavor 

Alexandria X Sultanina Rose i Productive, vigoious 

Damas Rose X Monukka Productive vigorous Urge si/c some seedless 

OroB Ouillauine X Momikk i Adliertnce , large si/e , seedless 

Muscat Hamburg X Monukki Productive muscat f lav oi sonic seedless 

Muscat Hamburg X Pananti Productive small si/c, none seedless 

Ohantr X Monukka SeedliHs, Ixte iipemng 

Olivette Blanche X Museat Him riongateel tipes, museat flavor 
burg 

Olivette Blanche X Olivette Noire Flongated tjpes, white red and black 
colored fruit 

PizButella X Monukka I longattdfruittypes,Hetdkss,iailvripening 

Rodites X Monukka I ate ripening, seeidltss 

Rodites X Gros Guillaume Late ripening, firmness of fniit 


Grape breeding work with native Ameriean grapcB and Vitis mnifira haa iKcn 
m progress at Arlmgtoii, \a , and Beltsvilli, Md wiicc 1933, to originate HcedlcsB 
varieties and to improve the quality and adaptability of native Ameriean varietiea 
especially for eientral and Bouthern regions 

Seedlings of the following varieties arc under observation at the Beltsvillc 
station August Giant, Bailey Black Fagle, Caco, Captain, Captivator, hllen 
Scott Eiiinman, Golden Muscat, Goff, Manito, Mdls, Nitodal, Norwood, Oncntal, 
Refers nos 13, 32 33, Urbana 

Scedhngs have been obtained of the following native bunch grape crosses 
Bailey X Brilliant Seedling, Captivator X Beacon, Captivator X ( olumbian 
Imperial Captivator X hredoma, Champaiicl X Manito, Champanel X Niagara, 
Columbian Imperial X hmpire State, Delaware X Goethe, Enipirc State X 
Manito, Goethe X Delaware, Lenoir X Salem, Loretto X Orient^, Manito X 
Caco, Manito X Empire State Oriental X Portland, Rogers 13 X Beta 

Seedlings have been obtained of the following native American bunch grapes 
and vinifora crosses Atoka X Gros Guillaume, Bailey X Foster, Bailey X 
Goolabie, Bailey X Gros Guillaume, Blauer Portugioser X Monukka, Campbell 
Early X Monukka, CamplieU Early X Alphonse LavaUcc (Ribier »), Captain X 
Goolabie, Captivator X Monukka, Captivator X Alphonse Lavallcc Catawba X 
Monukka, Catawba X Muscat Hamburg Catowba X Alphonse Lav^lee, 
Catawba X Sultanina, Clocta X Goolabie Clocta X Muscat Harabu^, Colum- 
bian Imperial X Monukka, Columbuin Imperud X Goolabie, Concord X Monuk- 
' a«a footnotn, p 618 . 
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ka Concord X Sultanuia Fllen Scott X Siiltanina Lucilo X Monukka Manito 
X ChHfAelas dt 1< ontaincbc an Manito X Alphonse Lavallee, Niagara X Sul 
tanina Ontario X Blaiur Portugieser Oriental X Albardiens Orient^ X Monuk 
ka Oriental X Goolabii Oriental X Muscat Hamburg Oriental X Panariti 
Oriental X Sultanina, Portland X Blvur Portiigieser, Triumph X Monukka 
Vergennes X Monukka Vergennes X Alphonse I avallee 

Muscadine gratie breeding work of the Department has been centered at the 
North Carol II a State Department of Agriculture Test (arm, Willard N C 
This work ■was stilted in 1907 From two early ciosscs two perfect flowertd 
hcrinaphroihto sci dlin^s were obtained By semng one of those plants and 
also by using thi polU n from this type to pollinate standartl muscadine varictios, 
an addition^ i iiiibcr of perfect flowered si idlings wire obtained Better berry 
adherence increased productivity, and improved fruit quality have liecn reported 
True hybiids wire obt lined between VtlM rol tnh/oha and V vtm/era, and also 
between V rolunlifdia ai d varieties of Ami rican bunch typo grapes 

The following hybrid siedlii gs of V*<ts rot tnhfoha and varieties of Aiiiericin 
bunch type grai is of tamed at Willard liavc bien sell i ted for further study 
James X Win hell Laliaina X Brilliant ninscadine seedling X Campbell Early 
musiailine seedling X Catawba muscadine seidlmg X Delaware muscodii e 
seedling X Goethe n uscadini seedling X B inehell Seuppcmoiig X Loiiisiai a 
San locinto X Ives Ihoinas X Coicird Thtmas X Goethe 

I he following hyf rid seedlings of V»f«s roll ntitfolta and V vxnxfera have been se 
Iccted for further study Giorge X Goolabie museadine seedhng X Black Morocco 
muscadine seedling X Semillon Sin Alba X Malaga San Alba X SemiUon San 
Jacinto X Malaga Thomas X Black Moroico ihomas X Maraville de Malaga 
Miiseaelinc seedlings selected for further trial are the following 10 Latham X 
(Ellen X (Eden X male Munsoniana)! 14 latham X ( Thomas X (Fden X 
(Fden X male Munsoniana))) 3 Latham X male (muscadine seedling X (Fdcn X 
(Pden X male Munsoniana))) 1 Latham X male (muscadine seidlmg X (Eden X 
male Munsoniana)) 8 Liiola X (Eden X (Eden X (Fden X male Munsoniana))) 
3 Luola X (Thomas X (Eden X (Pdin X male Munsoniana))) 5 Liiola X (mns 
cadine seidlmg X (Eden X (Eden X male Munsiniana))) 1 Luola X (miisiadim 
seedling X (hclcn X (Eelcn X male Munsoniana))), 1 San Alba X (Eden X 
(Eden X male Munsoniana)) 2 San Alba X male (Fdin X (Eden X male 
Munsoniana)) 6 San Alba X (Thomas X (Eden X (Fden X male Munsoniana))) 
3 San Allia X (museadine seedling X (Pden X male Munsoniana)) 6 San 
Rubra X male (Fden X (Fden X male Munsoniana)) 3 San Rubra X (Eden X 
(Eden X male Munsoniana) 1 San Rubra X (Thomas X (Eden X (Edin X 
male Munsoiiian i))) 1 muscadme seedling X (P den X (Fden X male Munsoniana)) 
1 miiscaeli lie seedling X male (Eden X male Munsoniana) 1 muscadme seid 
ling X (muscadine seidling X (Eden X (Eden X male Munsoniana))) 13 mus 
cailme seedling X male (Eden X (Eden X male Munsoniana;) 1 muscadme 
seedling X (Eilin X (Fdin X male Munsoniana)) 2 muscadine heedlmg X 
(iniiscaeline seedling X (Eden X (Ldcn X male Munsoniana))) 20- nniscadme 
seedling X (muscadme seedling X (Eden X (Eden X male Munsoniana))) 3 
muscadine seedling X (Fden X male Munsoniana), 1 (Eden X (Fden X male 
Munsoniana)) X male (Eden X (Eden X male Munsoniana)) 3 (Tames X white 
male) X (Ldcn X (Fden X male Munsoniana)), 2 (James X white male) X 
(mu^.cadme seedling X (Fden X (Eden X male Munsoniana))) 1 lames seedling 
X (muscadine seedling X (Eden X (Fden X male Munsoniana))) 1 muscadme 
seedling X male (Fden X (Eden X male Munsoniana)) 1 selfed seedling (James 
X (Fden X (Fden X male Munsoniana))) 3 selfed seedlings (Thomas X (Fden 
X (Eden X male Munsoniana))) 1 selfed seedling (muscadme seedhng X (Eden 
X (Eden X male Mimsoniana))) 2 selfed seedlings (muscadme seedling X 
(Eden X (Eden X male Munsoniana))) ( Ml iJolleiipircnts were hermaphrodite 
seedlings unless designstexl as male ) 


Vau/era grape varieties available /or breiding ivork in I nuetl States Department of 
Agriculture experiment mneyards ’ 
lAIphstietictlly arrancedl 

Ach I Soiim, AlTenthaler, Agadta Agra Ash Ak baibc Aibatly Isium Ajmi 
Ak usum Aldara Aleatico Alexandria Alicante Alicante Bouschet Alnwick 


* This list contain!. . „ 

ji I also inclndea some i«cent Introductiona that hare n< t yet found a | lace in 
Inch namea are to be recardad aa tentaliie and not necfsaaril} aothantle and 


as of Persian or other fore gn ot 


no «act English e in i alcnt 
1 American graiie hteriture 
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Ainlachu Ancbtl Cadi Anpr Mulili Angur Noir Grande, 
&fNo'f?Atcht£^ug:^U^^ A-u. 

Baba, Bakator, ^rbarosw, Barbtra Baiducci Ba^tardo Ikilan, Ikihno, 
Bengi Beniiestia Violacia, Biwnc Black AluaiiU BUck Hamburg, Black 
Morocco, Black Pnncc, Black Wlcss Black Shah-ii.cc Black Zante (bouth 
^riw currarit giaiw), Blanc d Ambrc, Blanev White Bluicr Portiigicbcr Boal 
de Madeira^ Bocalillay BolgiiiiiOy Boiiarda, Boudelais Mubcat, BruHtiano. 

Buaki, Buccleuch, Buckland Sweetwater, Buhir/i, Burger 

Cabernet Sau^gnon, Calabrian, Calmette Camion Hall Muscat, Cangnane, 
Castiza, Cefid, Ceakarg Chanal Ghaliach Chali bar Cliaiii Rouge, Cliaouch 
blanc, Chaouch Rose, Charaa, Cliaboclaa Ciotat Cliaasclaa do 1 ontaincblcau, 
Cliasselaa Rose de Fallouv, ChasbeUi. Rouge Cliassclaa St Bernard Chawecsli, 
Child of Hall Chirari, Chaucti Oils, Chauch Noir Ciiisaiit C ipro Niro‘ 
Claiietto a Gros Grain Coaina Ncagra Coi iron do Cabrito, Coiinthc a Groa 
Gram, Corinthe Rose, Constaiio, Crabba Burgiindv 

Damaa Rose, Danugue, DaiUcr de Bc\roiitli Deis cl A aiizi Diamond lubilci , 
Directeur Tisserand Diriiiar Doctor Hogg Diiickusa, Droiikanc, Due dc 
Malakoff, Duolichs of Bucrleiicli Duke of Biicclciicli 
I uiperor, Lsandn Lskaii Ri/, I tiaiie di 1 Adliiii 

lajaunii Jauiic laplilv ichor S/agos I c her bom 1 ink ndo, 1 lame lokav, 
I oster, Frankeiithal Prccocc, riedcnctoii 
Gamay de Bourgogno Gainav Icinturur Gcciurr Tramiiiir, Gliiliaki Krasiia\a 
Ghulabl Black, GhuKbi Red (>liiisiinc Goldin Chimpion (lol lin H’nnburg 
Goolabie, Gradtska, Grove Lnd bwietaatci (trcoii Hungarian Grenaclu Gnis 
Blanc de 1 ausanne Gios Colman Groh Guillaiiiiic, Gros Man/ent, Gros Verdot, 
Guadalupe 

Hebron, Ilunisa Hjiales 

Im|Knal Blano, Insoli e Biane \ It Ui e I Iqiii 

J bui Johaniiisberger Jubeili 

Kabasma, Kabbajuk, Kadarka Kalidillee, Kharasliani Kara Hbiim Karoo 
Belle, Ka&ufi Dakar, Kasufi iiiti Katta Kurgan, Keehiceclii Bleue Kediwechi 
Rouge, Keropodia, Kandihar Khassevne Khtidtid iil Ban it Kislimish daba 
Koinor, Koptchak Kosliu, Ksil isjuni Kiirdi Ktirklaska 

Lady Downe lady Hastings ladv Hutt I al Gelid, I il Guerniez, La Mollar, 
Lanin, leaui Zolo Lignan Blanc, I ore Kochc, Liiglicnga Nira 

Macaboc dc batin Madeleine Angev me Mwlileiiie d Aiiibri Madeleine Royalc, 
Madrosfaold Court, Malaga, Malaga Rose, Malakoff Isiiiin, Malvasia de Brogliana, 
Malvasia Rosaria, Malvasia Rovabciidi Mainelon, Mantiio di Pilo Marmora, 
Marasema Marzaniina Geiiiiina, Maskah (Noh 24772 24774, 24775 24776, 
24781, 24782, 24783, 24784, 24785, 24786 24787 24788 24792, 24793) Mataro 
Mtllii Khany, Melton Constable, Mesher JlUif Meimici, Miksasi, Millciuutn, 
Mission, Monako, Mon Deliidda, Monde use Moniikka Moiirastil Mounseo 
Bianca, Mounsco Preto, Mrs Pinee, Mskliali Miikhkli ill Baglil Miiscakl Com 
mune Muscat Bonod, Muscat Capusmes Muscat de 1 rontignan Muscat Gros 
Noir Hatif, Muscat Hamburg, Muscat Norn d llotigiie Muscat Noir Prccocc, 
Muscat Rose, Muscat Talabot 

Nasa Valeiitiana Ncbbiolo Nebbiolo Bourgu Nibbiolo lino, Negro Aiiiaro, 
Negrara di Gattinara, Negra Llqui, Ncgra Nero Nimraiig 
Ohaiicr, Ojo dc Licbre, Olivette Blanche, Olivette de Vendeniaiii Olivette 
Noire, Opiman 

Pagadebito, Palarusa, Palomino, Panariti Parc de Versailles I'lstilla 1 Iqui 
Paykance Razuki, Perle de Csaba, Pedro Xiinincs, Pcrle Imperial Blanche, Por- 
" rsian (no numlxr), Persian (no tag) Persian (nos 21 26) Petit Syrah, 


No 6^1, Pnnee of Wales, Prune de Cazouls, Purple Damascus 
Quagliano, Quanque „ ^ „ 

Red Hanepoot, Refosco, Rka trital, Robin Noir, Roditcs, Roiidc Weisse, Rose 
d’ltaha, Rose of Peru, Rothgipflcr, Rousseau, Royal Ascot 

Schach-I Souin, Sahibi, Sahibi Chanal, ^idi, San Giovetto batiii Blmic, Sau- 
vignon Blanc, Sauvignon Vert, Schiradwiili Blanc, Schiradrouli Violet Semillon, 
S^ktia, Serme, Servan Blanc, Servan Rose, Schaani, bhahmani, Shakaifi, Shan«, 
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Shirshira, ShuvarKhani SiciIilii Slankanienka Souvenir dii Congr^s, St Launtiit, 
St Macaire biifttha, bultana biiltanina Siiltanina Rosea, bun, bylvaner 

Tadoiu fagonto Rougi, Tanfi Rost, Tariiiat, Tavns (no 27%3 30467), Tene- 
roii dt Cadi net, TiFafihi Ahmtr, Tinta Ainirtlla, Tinta Cao, Tinta dc Madtirt, 
Trenthain Rlack, Troika Trousseau 
Ubeide, Umagiim, Uv% d« Casta 

Valandova, Valdepinas, Vcltliiier Verdtl, Vermentino, Vigiie di Zericho 
W dsehneshiig, Wcrint West Prolific Whitt Coiintn White I rontignsn 
White Nice, White Tokay Wilmot No 16 

Zabalbkanski Zeine, Ztiikoji, Ziiifandol Zin/illosa 


no 41 (V exnerea X ruptstn<) X npana 
I 2502, Constaotia, V cordtjolta X npana. 


(All hiteticaUy uiDi 1] 

Adobe Giaut, (Vtiw aestwalit X -nonlicola) X npana X riipt<t(ns),iio 654-6, 
(V aeihvaliH X riipei/rit) X npana, no 227, Alicantt Bousehet X V cordifnlia 
no 142 B, Alicantt Bousehet X V npana, no 141-A, Aramon X V npana, 
no 143 Aramon X Riipestris Gan/in (nos 1, 2, 9), Arizomca Phoenix, 
Australis 

Bailies, VtOs berlandtcn (nos 1,2), Bt rlandicri Lafont no 9, P berlandun X 
npana (nos 33 1 M , 34 F M , 157 11 420-A, 420-B), (BournMjuou X V 
rupesfns, no 601) X Caleieola, no 13206 
CalKrnot X V birlandien, no 333 B M, Cabernet X Rupestris Gsu/iii, 
no 31 A , (Dhassol IS X V birlandien no 41 (V c ” ' ' 

no 229, Coliunliaud X V npana i ‘ 
no 126 1 

DcOrubsett, Dog Ridge 

Hotporup 

loly, Judge 

V monlieola X npana (nos 18804, 1S808, 18815), V moniicula X rupt'ilna 
Motltv, Moiirvedre X V rupettns (nos 1202 1203) 

Pi not Bousehet X V npana, no 3001,Pinot X V rupeilnt no 1 105, Ponroy 
Hainso, Riparia Ciloire, V npana X birlandien no 161 49 V npana X 
(eordtfoltaX fupeslnsXiio l(>6-8,Kiparia Grand Glabre X (Aramon X V ruptslris), 
no 4110, P npanaXrupettna {nob 101,101 14,108-103,3306,3309), P npanaX 
V rupertni, Jaeger, P npana X {rupentn^ X AramonX Jaeger no 201, P npana X 
R.upcstnb Ramond, Riipestris des Caiisetteb, Riipestns dpb bemis, no 81 2 
Riipestris Gan/iii, Riipestns Le Rein, Riipestris Martin, Rupestns Metallios 
Ruiicstris Mission, Riipestris Othello, Riiptbtris Pillans, Riiptatris bt George 
P rupedrir X berlandten (nos 219-A, 30I-A, 301 B, 301-37 162), P ruptslns X 
Chassdas Rose, no 4401, P nivesin* X ctnerea V rapettnt X cordifolta, no 
107 11, P rupestna X {cordifolia X rupeslm), no 202-5, P rupeitni X 
Areinsr, no 215, P rupeilru X Petit Bousehet, no 603, P rupeatna X Petit 
Bousehet, no 604, P rupestns X npana, no 108-16 

bait Creek, Solonis Ordinaire, Solonis Robiista bolonib X (P eordtfuha X 
riipeitn’,), no 202 4, bolonis (P Umgit) X Othello ((P npana X labruaca) X 
vtntfera), no 1613, bolonis X P npana (nos 1616, 1616) 
lay lor Narbonne, Tibserand 
Vcrniorel, Plain, Viala X P npana V candteana 
York X Riiix'btns Gan/in, no 212 


Direct producing pope vamtif', available /or breeding work in United blatn Deparlmint 
oj Apiculture experiment i ineyarda 

Bourrisquou X Vitn rupealna (nos 601, 603, 109-4, 3007, 4306, 4308) 
Carignano X P rupaatna (nos 404, 601), Castel (nos 1028, 19002), Clairettc 
Dore Ganzin, Coudero (nos 101, 201, 603. 704, 3701, 4401, 28 X 112, 71 06, 
71-20,74-17, 82-32, 4 X 61, 86 X 118, 87 X 116, 124 X 30, 132-11, 199 88 
241-66, 267-27, 272-60) 



IMPROVEMENT OF 
STONE FRUITS 


F P CTJLLINAN, Senior Pumologist, 
DiviBion of Fruit and Vegetable C rop« 
and Di-wases Bureau of Plant Industry > 


T'lII] btatiUful and delicious mu u ties of poiuliis, plums, clieiiies, 
and apricots that m ike up the group of stone flints as we knowr them 
today are undouhtecHv vastly ditleient from their early piogenitors 
Down tluough the ctntuiits many wild species and vniictits have 
been selected bv man in his seareh foi pew food supplies anti a bcttei 
diet Just how long this slow piocess of unprovement of the vanou 
kmds of wild fiuit has been going on, histoi'y eloes not relate As 
civilization piogiessed wo know tint many of these wild fruits weio 
taken from then native homes and distiibuted to new lot ations wht le 
tliere wire new soils and new climatic conditions In these new 
environments ceitain modifications oeeurrid m si/e of tite and m 
size, shape, color, and fiavoi of fruit Many trees penslied in the 
new envuonnients Perhaps only a few suivived the vicissitudes of 
climate in some of the regions into which they were taken Tluough 
these early chance selections, however, a beginning was made in the 
impiovement of the stone fruits 

Stone frmts nio now grown m all parts of the femperato Zone m 
the Nortliein Ilcimsphcrc In the United States the culture, pioduc- 
tion, and sale of these fruits constitute a gieat mclustry In 1<) il, the 
peak year of peach piodiiction, the commercial ciop was ovei 76*j 
milhon bushels Accordmg to the census of 1915. the country pro- 
duced m the previous yeai about 45 milhon bushels of peaches, over 
23 milhon busncls of plums, and 5 milhon bushels of chei i les Peaches, 
plums, and apneots in the fresh, canned, and dned state are consumcel 
m large quantities m this country and abroad About 200,000 tons 
of peaches are dried in the United States annually California alone 
produces about 75 percent of the world output of dned prunes 
Cherries are commercially important as fiesh, canned, and frozen 
products There is little wonder that such a great mdustry sliould 
demonstrate weaknesses in many of our long-chenshed vanetics of 
home-grown fruits We might imagme that after all these years of 
selection and discovery of new sorts, we would have reached perfec- 
tion Unfortunately, this is not the case, in fact, it may be said that 
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the work of improvement has just begun. We must continue the 
search for superior fruits, locating and studying the best raw mate- 
rials, and then using the methods avaQable to the plant breeder to 
combine desirable characters in a superior progeny. 

BOTANY OF THE STONE FRUITS 
Befobe attempting to consider the progress made in improving the 
varieties of stone fruits, a few words should be said about the botany 
of these fruits in general. 

Botanists have classified the stone fruits into several species. While 
there has not been entire agreement as to the number of these species, 
most botanists place them in the great genus Prunim in the rose family 
(Rosaceae) ; others, however, separate the peach and its close relatives 
as the genus Amyg<lalu<t. The fruit develops from a one-celled ovary 
the waS of wliich npens with a fleshy, juicy exterior, making up the 
edible part of the fruit, and a hard interior, called the stone or pit. 
The seed is contained in the stony portion. 

But while these fruits have enough in common to be grouped in the 
same genus, they are quite different in many fruit, flower, and tree 
characters. When the fruits are ripe the flesh of some varieties parts 
readily from the pit. Such fruits are spoken of as freestones Other 
varieties and species, for exui^le, the canning cling type of poaches, 
are clingstones; that is, the flesh adheres to the stone The indi- 
vidual fruits may be smooth, as in the apricot, nectarine, plum, and 
cherry, or hairy, as in the peach They vary in size, color, and shape 


THE kind of search in which the breeder of peadies is engaged may 
be illustrated by the Elberta, This is the lading commercial peach 
in the United States today. It originated in Marshallville, Go., 
in 1870, and in the 67 years since that time no better peach has 
been found, when all characteristics are considered. Yet in quality 
the Elberta does not rank as hi^ as some other peaches, and the 
tree and the blossom buds are not sufficiently resistant to low winter 
temperatures. By suitable crosses, varieties have been developed 
that have better quality and more add resistance in the bud; but diese 
in turn are not adapted to so many different growing regions as the 
Elbaia. Again, seekings of Elberta have been found that ripen 
earlier than the parent variety and are betta- in tpudity and more 
attractive. It would scan possible, that, to develop a variety that 
uxnild be a distinct improvement over Elberta, yet possess die valu- 
edde characteristics that have ffven the Edbarta preeminence. Such 
an achievement would be a major contribution to fruit culture in 
the United States. 
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with varieties and species. The flesh may be yellow, green white 
or red, or show venous combinations of these colors The atones or 
pits 9 f the peach are rough and grooved, those of the plum and cherry 
relatively smooth, those of the apricot somewhat intemiediate 

The flowers of the different stone fniits are quite characteristic for 
the respective groups. In the peach and the apricot they are borne 
smgly, arising from one to three separate buils at a node. Tliey are 
practically without stems in the peach, and nearly so in the apricot 
They are on long stems in the cheriy and on only inodenitely long ones 
in the plum, but in both these fruits the flowers are home in dusters 
The flowers of the edible plums are white or nearly so, while those of 
the peach and the apncot may be white, pink, or reddish 

As will be pointed out later, hybridization between some of the 
species of stone fruits is practically impossible 

METHODS OF BREEDING 

Thk TECHNiquh of stone-fniit breeding is not greatly different from 
that employed with other deciduous fiuits The essential operations 
are (1) collecting pollen to bo used in the crosses, (2) emasculation of 
the flowers, (3) pollination, or the actual transfer of pollen to the 
stigmas of the pistil, (4) bugging, or protecting flowers from foreign 
pollen, (5) protecting fruit that has set, and (6) growing the seedlings 
for testing and study of the progeny. 

Much of the breeding work with stone fruits is carried on with trees 
growing in the orclianl. This has its drawbacks as well as many 
advantages Blossom buds, flowers, or young developing fruits may 
bo killed by cold Under such conditions the continuity of brooding 
work is interrupted and a year’s time is frequently lost. To avoid 
this difficulty, particularly in the regions of unfavorable climate, it 
has been found satisfactory to grow the trees in tubs or pots in tho 
greenhouse. Emasculation and pollination can thus bo earned on 
under controlled temperature. Since it is necessary for most stono 
fruits to have sufliciont cold to bnng them out of the rest period, the 
trees in tubs must be removed from the greenhouse in late summer or 
fall and placed out of doors or in a cool storage place. They may be 
brought hack to tho warm greenhouse by the middle of January, and 
the trees shouhl then bloom m 3 or 4 weeks While greenhouse trees 
do not reach the larce size of those growing in the field and conse- 
quently do not produce as many blossoms, sufficient material can 
usually be obtained for certain crosses and for genetic and cytological 
study. In some cases it may be the only way blossoms can be pro- 
duced for breeding Work 

In obtaining pollen to be used in breeding it is usually necessary to 
collect ^oots of ^e male parents desired and force the blossoms in 
a greenhouse or warm room in order to have_ the pollen available when 
the flowers on the tree are ready for pollination. Care should be 
taken, of course, that no foreign pollen is introducetl by bees or other 
insects. When the flowers have opened, the anthers may bo plucked 
off by running the filaments througn a comb or some similar instrument 
that wiU Uft off the anthers, which may then be pla^ m suitable 
containers to dry at room temperature of 66 to 70 F. When dry 
they break open and the pollen can be easily crushed out. Tho pollen 
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should be stored in a dry, cool place in vials or small boxes, from which 
it may be used directly when the crosses are made. It is convenient 
to leave a small camers-hair brush in each container to use in the 
transfer of pollen 

The structure of the flowers of the peach and other stone fruits permits 
rapid emasculation. The stamens and the sinde pistil are enclosed 
under the folded petals. As the blossom expands from the bud scales, 
the calyx pushes up, carrying the nonexpanded leafy floral structures, 
forming a cup around the ovary The long style of the pistil grows 
up through tno stamens and under certain conditions may even push 
through between the petals before they expand (fig. 1). In the tech- 
nique of emasculating. 


— ^tty/e 
^ppa/ 


^ the calyx cup is easily 

( \\ cut with the nails of 

' ( l\ . . the thumb and first 

I ((\ finger, and the entire 

f ^ I f\l rU \ JA corolla with its three 

\ Vn rows of stamens at- 

^ ^ tached may be lifted 

B from the flower, leav- 

i I XMlMfllf/fiiraM// // pistil undis- 

\ 1 \W Mil — //—/ifamenf turbod Early work- 

V \l ll ei 3 used sharp-pointed 

tweezers or scissors to 

J/jrljL \SK/I calyx cup, but 
-a fingernail method 

' .^ZZffpary ”^ 0 ™ rapid. With 

^ varieties of poach that 

\ ^ are poUen-sterile, or 

' varieties of plums and 

Vi^ i,— Section through a peach flower showing cherries that are self- 
urangement of floral partB By pinching through the unfruitful, emasculo- 
»alyx cup at a with the thumb and fiwt finger, sepal*, . • . 

petals, and stamens are all removed in one operation, tlOn iS UnUMOSSaiy m 
leaving the single pisul. Ordinary hvbndiza- 

tion A small percent- 
age (0 5-0.8) of set is sometimes obtained in selfin^ self-unfruitful 
varieties While this is a n^ligible amount in variety breeding, it 
should not be overlooked in cytological studies. 

If emasculation is done just before the petals open (fig. 2) — ^which is 
just before any pollen that might cause selling has been shed— the 
pollen of the parent to be used in the cross may be applied to the 
stigmas at once. Where a large niuuber of pollinations are made on 
a single tree, it is fre^ently convenient to emasculate all the blossoms 
before pollinating. With the aid of the camel’s-hair bru8h,_from the 
pollen container a lai^e number of flowers can be pollinated in a short 
time. Some workers prefer to use the tip of the finger, to which the 
pollen wrill adhere, and apply the pollen by touching the stigmas. Care 
should be taken to remove ml pollen grains of one variety or strain from 
the finmr before dipping into a container of another variety. The indi- 
vidual olossoms, single shoots^ or entire branches that have been mlli- 
nated with a single pollen variety should be carefully labeled with full 
data on a tag or label that will remain imtil the fruit is harvested. 
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Ftffire 2 — 1< lower buds of peatb (left) showuif; ideal stage ftr emasculation Witbin 
24 hours with temperatures of 70° to 75° F the flowers will open os shown on nght 


Protecting flowers after pollination is import tnt The method 
pnerally us^ is to tie a glossme or paper bag over the end of the branch 
bearing the pollmated flowen. (fig 3) Sometimes two or three 
flowers may be enclosed m a smgle bag With some of the stone 



670 


YEARBOOK, 1937 



/ igure 3 — When only a few bloegonu on the tree are to be polbnated it u neceaaary to 
protect the flower firom foreign pollen A heavy paper bag or come cover not easily 
collapsed by the weathw u necessary to prevent injury to the putil 

few flowers on a tree are pollinated A very heavy grade of paper bag 
with sufiiciently sturdy basal folds to hold the sides out from the flower 
when the bag is mverted over the branch and tied is desirable to 
reduce the miury to a minimum When larce numbers of crosses are 
made, and when no special genetic or cytological studies are under- 
taken, it IS doubtful whether peach flowers need to be protected, 
particularly if an entire branch or tree has been emasculate Bees 
or other insects on visiting the emasculated flowers rarely touch the 




STONE FRUITS 671 

stigmas and thus do not introduce foreign pollen. If an entire tree 
IS emasculated for a large number of crosses, a tent built over the tree 
will prove satisfactory not only as a means of protection for the emas- 
culated flowers but for msurmg a large set of fniit under unfavorable 
weather conditions. 

After fertilization of the ovules has taken place (fig 5) and the style 
begms to darken and wdther, tbe protecting paper bag is removed and 
an open-mesh bag of coarse 
cheesecloth or heavy net is 
placed over the end of the 
branch to protect the devel- 
oping fruit. If the fruit drops 
off at maturi^ it will be held 
m the bag. \^ere the entii c 
tree has been emasculated and 
tented, or where a number of 
branches on the tree have 
been pollinated without bag- 
gmg, it is necessary to harvest 
the fruits before they fall 

The stones are removed 
from the harvested fruit and 
are allowed to dry in a place 
free from molds and fungus 
contamination. Seeds of stone 
Iruits require an after-ripening ^ i>pjtli floHrr aficr feruli/ution, 

period of 2 to 3 months at pwul suh lu l..ng style an.l the 

low temperatures before they 

« .11 11,. becomeM the frml. Tn the cherry, plum, apn- 

wdl grow. J. hey are usually col, and nectanne the fnut develops wimlarly 
soaked for several hours and from a single hairless ovary 

then placed in moist sand out 

of doors during the winter, or, preferably, they may be held for 2 or 3 
months in a refrigerator or cold storage at about 40° F 

To insure a high percentage of secdlinm in the case of valuable 
material, the best method is to remove the pits from the cold box, 
crack them, and remove the seeds. The seed coats are then removed 
and the young embiyos sterilized in hypochlorite solution or some sim- 
ilar disinfectant ancl placed m small bottles on sterile nutrient agar to 
grow. When tiie young seedlings are rooted and a few inches toll, 
they may bo transplants from the culture bottles to pots in the green- 
house and later removed to the field or nursery row The moic 
common mediod of growmg the seed is not to remove tlio seed coat 
but to plant the seed directly in pots m the greenhouse or in the 
nursery. Sometimes the pits are not cracked hut are planted directly 
m the field in the fall when out-of-door temperatures will bring about 
the proper chilling required to insure growth of the seeils in the 
spring. 

A great obstacle in stone-fruit breedmg is the difficulty m gettmg 
the seeds of some crosses to resume growth. _ Many hundreds of seeils 
of crosses of sweet cheny, early-ripemng varieties of peach, and other 
stone fruits have been planted, but no seedlings grow from apparently 
normal seeds. It is believed that plantmg the seeds on sterile nii tnent 
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agar will bo helpful. At the present time, however, there are stub- 
born seeds of early-ripening varieties of peach and cherry that will not 
grow even though given the agar-culture treatment. Many such 
varieties possess desirable characteristics, but they cannot be used as 
female parents until some method is found to obtain germination of 
the apparently normal seed they produce 
To economize space the young seedlings are usually planted in test 
blocks in rows 10 feet apart, with the trees 5 feet apart in the row, 
which is about as close as cultural operations will pemut At least 



Figun 5 , — Prach floHcn after emaMulaUuu anil fertilualiun. Tlio single pisul (A) 
is normal, but occasionally, in some varieties and under certain nutritional conditions, 
two (B) or more putds (C) may develop m a single flower 

3 or possibly 4 years must elapse before fruit characters can be studietl. 
If it is decided to hasten the fruiting of the progeny, buds or scions 
can be taken from the seedlings when they are large enough and 
grafted into branches of bearing trees. In general, buddmg has proved 
a more satisfactory method for top-working peach than grafting. In 
California, however, grafting has proved very satisfactory in the hands 
of e.xperienced men when dormant scions were placed early in the 
spring in the cut-back branches of trees 4 to 8 years old. Fruit niay 
be obtained in 2 years from budding, and sometimes in 1 year from 
grafts. Where tree characters of the seedlings are to bo studied, this 
mformation is best obtained by leaving them in the field for some 
years after first fruiting. 

Under the most favorable conditions it requires about 5 years from 
the time the cross is made until a prelmiinary reading is obtained 
from the seedling and trees can be propagated for testing in the orchard. 
If we assume the average life of a peach tree to be about 15 years, 
then it will be about 20 years before full evaluation can be m^e of 
the lifetime merits of a variety. Frequently a much longer time 
elapses before the value is determined, oecause of the fact &at new 
varieties are not tested promptly under widely varying soil and 
climatic conditions. 
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PLACHtS 
Eahiy History 

The original home of the peach (Amygdalus pet'>ica L or Prunws 
persica Batsch ) was thought to be Persia, since tins fruit was doubt- 
less introduced mto Giccce liom that countiy shortly aftci the begin- 
ning of the Christian Era De Candolle concludes, how e\ ei , that the 
peach has never been truly wild in Ptisia Bot mists ugieo that the 
peach is wild m China The late hi ink N Mtyii, exploici of the 
United States Department of Amicidture, lepoitid finding many wild 
poaches m Chma, the fruits of which aie inedililo, being binall and 
hairy, hard, and with a sourish flesh ( 17 ) ■* The peach has also long 
been cultivated in China It was wiitten about some 2,000 years 
before its introduction to the Roman woild Rcfiitnce to the ‘ tao 
moaning peach, has been found in the wiitings of Confucius m the 
fifth century B C and in the Ritual in the tenth centuiy B C 
There is evwlence that the peach leached I laiu e and possibly Spam 
at about the time it was intioductd into Giocco Troin southern 
Europe it spread to nortlum Euiope, possibly the gieatist spnail 
taking place from 1 1 ante In moie lecent times I ram 0 h is bi( n an 
import xnt nursery cciitir and in the fifteenth and sixteenth C( ntiiius 
nursery trees were sent fiom Iramo and disseminated thiough Eng- 
land, Belgium, the Nethirlands, and Geimnny 
Few other fiuits are giown under such vaiiod conditions and ovtr 
such extended areas as the peach Once a wild inhabitant of China, 
it IS now cultivated in evciy part of that vast country l^xtensive 
plantmgs of the peach occur in Tuikistan and Persia It is not siii 

E nsmg, therefore, that early wiitors regarded Persia as the original 
ome of the peach, as is suggested by the species name peisuet latei 
given it Peaches thnvo m all parts of southern Luiope and aie glow n 
m sheltereel places in the noitluni latitueles In the United States 
the peach found such congenial surroundings that it spread rapielly 
and wndely, leading botanists three centuries later to believe it was 
native to this country Toelay peach varieties aio founel growing in 
prae tically eveiy State of the Union Wiulo the fruit is not grown 
commeiciilly m regions that are subject to low winter tomporatures, 
some varieties or seeelliiigs are able to withstanel the wintei tempera- 
tures m the colder parts of the countiy 
Because of the general distribution of the peach in Europe, Asia, 
South Afnca, Australia, South Amenca, and the United States, there 
has been a general selection of varieties best adapted to the vanous 
regions and climatic conditions, as well as to the preferences of 
consumers Through this process of selection and hybndi/ation 
peach varieties with widely differmg characteristics have been devel- 
oped and propagated Some of the wide differences are so marked 
that botanists have been inclmed to separate the peach mto races 
and, m a few instances, species ^ j x 1 1 

American pomologists ( 26 ) m the psit century tried to divide 
peaches mto four groups or races ( 1 ) The Persian race, brought to 
North Amenca by the early settlers, best represented by vaneties 
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of the Crawford group (2) the north China or Chinese Chng race 
characterized by large fruits with tender skin and flesh vigoroub 
tree growth and abundant and regular bearing and including such 
Chinese vaneties as Chinese Cling Chinese Free and later descend 
ants Belle and Flberta (3) the south Cl ii a r ce sometimes called 




figure 6 bha} es of d Rerei t tjrjMM of | a 1 es ll at may be lued in bree \ g A 
Peento or ao-c^ed aaucer peach of tl e Gulf btatca B the honey peach of Flonda and 
Texas represented by yaneUes such as Impenal and Honey C peach of the Ch nese 
Cl ng type represent ng most of our | resent day conunerc al firmtone and ca n n i ng 
cling varieties 

the Honey represented by varieties that bear small oval to pomted 
white fleshed fruits with a peculiar honey sweet flavor and adapted 
m the Umted States only to some subtropical sections (4) the Peento 
race a warm climate type with trew mclmed to be evergreen and to 
bear fruits that are much flattened endwise white skinneia and white 
fleshed and sweet to very sweet However all vaneties hybndizc 
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freely, and there has been so much crossing between the groups that 
It IS prwtically impossible to classify many of our present yellow- 
and white-flcshcd varieties on this basis (16) (fig fi) ^ ^ 

The nwtaime was formerly thought to be a different species from 
tbo peach It is now known that the nectarine is simply a smooth- 



Figfire 7 — The beginning of commercial peach groHing Ihe early eelllers plantecl 
fruit trees near the homestead The home orchard frequently gave place to large 
commercial planUngs. 

skin peach. The trees diffei in no respect from the peach, and it is 
impossible to tell a peach tree from a nectarine tree. The leaves arc 
the some. The fruits and seeds have essential characteristics in 
common. In short, the only difference between the peach and the 
nectarine is -the absence of hairs m the latter. Nectannes are known 
to have come from peach seeds, and vice versa. 

CoMHaaciAL PE*rH Chowinc and Its Stimulus to 
Vahiliy Imphovlment 

Commercial peach growing in the United States began early in 
the nineteenth century (fig 7) Jjsige orchards were planted m 
Maryland, Delaware, and New Jersey Prior to this time thousands 
of peach trees, all seedlings, were planted by growers. Many of the 
varieties grown in those early years were apparently better suited 
for making brandy than for general consumption as canned or fresh 
fruit. While the art of buddmg and grafting had been known for a 
long time, it was not until early in the mnetcenth century that large 
commercial orchards of varieties propagated from cions were used. 
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As the commercial industry spread, there was always^ a demand 
for yarietira that would suc^d best under various soil, climatic, and 
other environmental conditions occurring in the different peach- 
growing sections. In northern regions growers were interested in 
varieties hardy in wood and bud to withstand low winter temperature, 
while in the more southern latitudes they were interested in varieties 
that would stand sununer droughts and high temperatures and with 
fruit that would retain its firmness during shipment to distant mar- 
kets. Then came the scoiuge of disease and msect troubles — pech 
yeUows, leaf curl, brown rot, curculio, and the peach-tree borer. What 
varieties, if any, would prove most resistant to these troubles? 

During the period 1850 to 1900 a l^e number of varieties were 
selected from seedling as worthy of introduction. The list of 60 
varieties given in table 1 contains the names of many that still have 
an important place in the peach sections of the country. They also 
served as parents for varieties introduced during the last 20 years. 
The dates of origin of these varieties cannot be accurately obtained 
in all cases. Tliey are approximately correct and are given to show 
the length of time the variety has been under orchard test. 

It will be noted that tlie geographical origins of these varieties 
include nearly all of the States east of the Mississippi between the 
Great Lakes and the Gulf Peach growing us an industry was truly 
widespread m the United States bv the end of the nineteenth century 
The need for new varieties to rejilace those that had been under trial 
was apparent during the peiiod from 1900 to 1910. This was prin- 
cipally due to the fact that peach growing was rapidly developing into 
an industiy for specialists When the business of peach growmg had 
developed to a point where it was necessary to ship the crop to con- 
suming markets several hundred mdes from the orchards, vaneties 
had to be chosen that would stand up m transit and compete success- 
fully with varieties from other sections on the market at the same time. 
The freeze of 1899 had wiped out many oi-chards m the North and 
emphasized the need for varieties that would withstand cold for the 
I'ommcrcial orchards of the future More recent freezes of the 
wmters of 1917-18, 1933-34, and 1935-36 have reemphasized the 
importance of developing varieties for the North that are more 
cold-resistant than many now being grown. 

Work ok Private Breeders in the United States 

During the last 30 years there has been an increasing recognition 
by peach growers of the need of originating new varieties better 
adapted to meet local requirements m various regions. This is well 
illustrated by the more recent work of J. W. Steubenrauch, of Mexia, 
Tex., who developed the Carman variety from pits planteid in 1889. 
It is one of many important commercial peach varieties originated in 
Texas during the penod 1850-1900. Mr. Steubenrauch, now 84 years 
old, summarized his work in a letter on May 13, 1936. 

He planted his first orchard of peaches in central Texas in 1879. 
There were many kinds available to the growers, mostlv what were 
then called Indian peaches, some mod, but not very suitable for general 
markets. Recognizing the need for varieties of the best quahty 
ripening from eariy to late season, he bought many trees of new 
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varieties irom vnnous pnits of the countiy In the eoiiise of a few 
y^ears he had 100 or more distinct viiietiis growing in his oiohaid 
hroin this number there weio not moie than about 10 that would be 
called good vaiieties for that period, mostly suitable for homo iisi 
Among a lot of Elberta trees planted m 1884, he found one tree that 
he considered supeiior to all the rest, pioducing finei fiuit moie 
legulaily Having a fine later peach that was pait Indian stock, 
named Belle October, he decided to bud fiom the line Elberta and 
Bello October parents on a single stock away from all othei peach 
ti ces From the two vai icties blooming togelhei with bees as polhnat- 
mg agents, ho obtained fruit and seeds of the eaily and late vaiieties 

Planting the seeds fiom the best peaches of both vaiieties, he 
pioduced some fine new seedlings in season fiom the time of Elbeita 
tiU late in October One of the leading ones is the h rank, which was 
named for I rank P ITolland, piibhshei of I aim and Ranch This 
peach boro a heavy crop again in 1916, making 12 yenis of continuous 
annual production Mr Steiibeiii me h dcsciibcs this variety as a 
fine yellow-red cling, npening in the middle of August in ccntial Te\ss 

In addition to the Fiank ho pioduced six otheis that he consideis 
fully as good These are Tena, Lizzie, Liberty, Anno, Barbara, 
and Katie 

These xaneties, which hixe been tested in southein latitudes as 
well as in some of the Noithcin States, have demonstrated superior 
germ plasm and are woithy of note for possible use by bieedeis 
of peaches 

Tlie man who discovered and intioduced the viiiety that took the 
lead in commercial peach pioduction in this coiinti v Irom 1910 up to 
the present was the late S H Ruraph lie piocluced the Elbcita 
from a seed of Chinese Cling planted at Maisnallville, On , in 1870 
Cunously enough, anothei seecl repoited to have comt from the same 
Chmese Cling tiee, planted m the same year by S II Humph 'sbi othei, 
L A Rumph, also of Marshall viUe, Ga , gave use to the vaiiety called 
Belle of Geoigia Today these two are still among the leading com- 
mercial vaneties They are of particular genetic inteicst because 
the Elberta, a yellow, and the Belle, a white, aio icported to have come 
from seeds of ^e white-flesh Chinese Cling, and because they are 
promising vaiieties foi use as parents m breeding woik 

Hiley, a probable scecllmg of Belle, ongmatecT with Eugene Hdey, 
also of Mar^allviUe, Ga , m 1886 Todav the Hiley vancty lanks 
second to Elberta as the loadmg peach of the Southeastern States 
It has demonstrated its value as a possible parent m peach impiove- 
ment because of its high quality and its ability to produce fruits m 
those southern latitude where warm wmters may be a factor m 
delaying spnng growth and blossommg (fig 8) 

One of the most important vaneties that became pronunent m the 
penod 1900 1920 is J H Hale This vaiiety was discovered by 
J H Hale as a smgle tree m a lot of Early Riveis poaches shipped 
to him by David Baird, of Manalapan, N J . and planted on his farm 
at South Glastonbury, Conn Buds from this tree were taken later 
to Hale's farm at Fort Valley, Ga Here the vanety also show^ 
great promise as a commercial peach, and it was introducwl by Hale 
t^u^i the W. P. Stark Nursery m 1912 By 1925 it ranked fourth 
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among the freestone vanetiea grown for fresh fruit m the Umted 
States Present opimons differ as to its value as a commercial vanetv 
It has most of the essential fruit cliaracters of a good commercial 
peach, but the trees are somewhat dwarhsh on some sites and locations 
not particularly hardy m wood and bud, and not higlily productive 
The flowers art iiollen stenlt ii senous fault that affects productivity 
when the ^nnetv is phnted in solid blocks By and Inige the ^a^ety 



figure 8 — In southern peach growing laliludes and in regions with warm winters some 
varieties are much slower than others m coming out of the rest period after mild wmters 
On the left is a row of Ibley in full bloom, and on the right a row of Early Rose still 
dormant Photographed at Marshallville Ga April 12 1932 a year of marked pro 
longed dormancy for this region 1 his is about 5 weeks later than average full bloom 

is not as widely adapted nor as productive as one of its probable 
parents, the Llberta, and it has not displaced that vanety from the 
position of Amenca’s no 1 commercial peach However, certam 
characteristics of the J H Hale make it of particular mterest to the 
peach breeder and cytologist Some genetic features of this vanety 
are discussed later m this article 

Hale introduced another vanety, the Early Bose, which proved its 
commercial importance as an early shippmg peach for the Southern 
States This soft-flesh elmg of fair quahty and good color was 
discovered as a chance seedhng growing at Fort Valley, Ga , by John 
H Baird, of the Hale farm 

Controlled crossmg has been earned on by J E Markham, of 
Xenia, HI , who, begmnmg m 1925, developed and mtroduced to the 
trade Vivid Globe (Yellow Globe X J H Hale), Canadian Queen 
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^Canadian Banner X Early l<lbtrta) Markberta (Halberta X 
Canadian Queen) Markham Cling (Golden Cling X Jap Cling) 
Mark Late (Canadian Queen X Marllxita) Globe Haven (South 
Haven X Vmd Globe) Mail ham Jewel (Imperial Flberti X 
Canadian Queen) and Halbert i (I H Hale X yellow seedhng) 
Most of these varieties ha\ o n t been w idely tested 
Private breeders plajcd a \oi> unpntant part m the work of 
selcctmg peach vaueties of pi nnisc not onlj fr im a conmiercuil stand 
pomt but also fiom that of furthei impro\enunt of the peach by 
^stematic breeding Space dots not pciiuit listing the niiny m 
dividuals who have been constantly on the watch for the appearance 
of superior sorts ongmating as ch me seedhngis and who s ibjocted 
the seedlings to tareful ttst Th n lines of many of tlusc men are 
given m table 1 togethei with tht desciiption of the yaiietiis they 
introduced 


Peach BRkEiiiNC vi PtBiic Ixsiituiions in rni- UmtidStatis 

Breeding work yvith pesches wis staited at tht New ^oik (State) 
Agncultural Fxpenment Station a* Geneva N Y m 1895 when 
open pollinated seeds of the Flberti were planted No crosses were 
made until 1910 ^trl was also bc^im at the Iowa Agncultural 
Lxpenment Station in 190'' when the latt S A Beach planted some 
seliod seeds of the Chih in an attempt to develop haidy yaiietics 
that would prove lesistant t) cold Ciindall at the Illinois station 
began woil on the ch velopinent of new v me ties about 1907 At the 
same time work was st irtcd at the Calif irnia station on the ch vc lop 
nient of peach vancties th it would be satisfac t ly foi gi owning in the 
warm climate of southein Calif irma By 1914 several States had 
provided funds for peach breocliiig at a number of Stito inbtitutions 
reach breedmg studies weio begun at the Now Jersc y station in 
1914 The present peach breedmg work in Michigan staited at the 
South Haven Horticultural Expenment Stition in 1924 The 
United States Department of Agriculture begun cooperation in peach 
breeding with this State in 1919 and later c loporated m the work 
m Cahforma By 1930 there was considerable interest m develop 
mg new varieties of peaches by bystomatie bleeding and vanety 
improvement work has recently been started m a number of other 
States 

The first promising varieties that resulted from this early station 
work for replacement of unsatisfactory kinds were introduced m 
1925 by the New Jersey station and also bjy the Horticultural Expen 
ment otation at Vineland Oiitano Canada A list of now vane ties 
mtroduced as a result of systematic breeding and selection work 
by State and Federal agencies and by the Ontano station for the 
penod 1900 36 is given in table 2 

Work is now being earned on at the vanous State expenment sta- 
tions to meet special requirements of the pe^h industry in the several 
States Followmg table 2 is a summary of the crosses bemg made 
and the progeny obtained begummg with States m which the work 
has been in progress for the longest tune 
188904 —37 44 
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T\bif 2 — Pemh vanetia decelopfd and introduted by jmbltt tnatitutaun 


U <1 nenartment 
of Apiculture 
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(>oIdfln<h 

n olden Jut) 


^^hl(e^ale 
(larden '■tafe 

Maxine 

s^ord 

Vaughan 

Vedette 

Veteran 


raultiT} ^ 1 cento 


hill (stlful hi n|ien 
Itollinate I) 

II Ilxle X -xcuth 


Flberlt^X Urccnsboro 
(n|ien pollinated hy 

lii? X Vrp 

Slapiwy X Vdroiral 

Be'ilriSfed) 

siappey X V Iniiral 


Belle X Uberta 
Belle X tlreenshoto 

J iruale X Belle <r 
Kay 

Veodling nutnrine (xelf 


No I Farly xeedlinf 
Lemon hree 

T eacler (open pollinated) 
llauxa X Pbillim 
Phlllipx X I indeil 
Leamington (xeMed) 

Flberta (openpolb 
Dated) 

Vaughan X I arly 1 1 
berta 

hlberta (open polli 
{ noted) 

Flberta X Vrp 
Vaughan X early FI 
berta 


low t Vpicultiiral » x 


New Jetoev Vgrcul 
turel Fipenment 

W F Wmht 


Ontario Horticultural 
Fx^lienment Station 


New York 

To date 65 varieties, 8 seedhnp, and 5 P I ® numbers have been 
used in breeding work at the Agncultural Experiment Station at 
Geneva Champion was used 8 times, Crosby 8, Elberta 27, Greens- 
boro 13, Chih 1C Hunter (neetanne) 19, J H Hale 11, Krummel 8, 
lavmgston 12, Kivers Orange (neetanne) 10, Rochester 10, South 
Haven 10, Suie Crop (nectarine) 31, and Veteran 9 There were m 
all 333 crosses, 24 seifs, and 13 open pollinations Of the 400 seed- 


' Tran Importad by tha Division of Fotaign Plant Introduction aa well aa oeedllngs grown from seeda 
brought In are dutributed (or taatlng under numberi preceded by the Initiak P I 
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set m the orchard, 307 have originated from ci oases made smco 
1922 Many of the seedlmga are just beginning to fruit and there- 
fore their full history is unknown 

New Jersey 

From the work started in 1914 20 new varieties had been introduced 
up to the spring of 1936 In addition to these theio aie 17 unnamed 
but specially selected peach seedlings shoi^ing considerable proimso 
that are now bemg grown in State wide commeicial tests Durmg 
the period 1923 to 1936, 6 257 seedlings had been obtained by crossing 
sclfing, and open polhnating varieties of pcaih and nectaiine possess- 
ing desirable characteristics Of this luimbtr 1 064 have bun n- 
tamed for further study AppiovimateU two thuds of this number 
are of J II Hale parentage 

One of the objectives of the bidding work at (lu Iowa Vgiu ulturnl 
Experiment Station is to tost tlu feasibility of making interspciific 
crosses with stone fruits About 100 potti d tn cs gniwn in the grei n 
house are being utilised in this woi k Vaiu tu s of Amygdalus iter lea 
mcluding nectannes of A datidiana (Can ) Zabel as well as hybiids 
between those two species aio being grown 1 lom the uosses made 
approximately 75 promising stedlings art now bung studied in tlie 
held These include ( hili (fouith gtiuiation) opui iKiIlinated ( lull 
(third generation) Bailty david ana J 11 Hale dandxana 
and Chih (third gonciation) X 1 dar diana 

Ilhnois 

Of the first senes of ciosscs made by ( i indall at the Illinois station 
all have been discaidcd exupt Illinois 14(> 14S and 101 Tlicsi no 
being propagated for further testing undt r semicommen lal t onditions 
I ho quality of all thice of thtst is high but thty piobably aie some- 
what lacking m the firmness of fltsh that a (ommtuial peach must 
Michigan 


From the peach brooding work begun at tlu Michigan station in 
1924, one pi omising commercial vanety Hale Havui a cross of J H 
Hale X South Haven was introduced m 1932 1 his is a large yellow 

freestone maturmg 17 days befou Elbcrta and about the same tmie 
as South Haven It is consideied to be an improvement over the 
latter vanety because of its highci color tlucker skm, and perfect 
freestone condition The number of seedlings being grown at the 
present time from the crosses made dunng the penod 1924 36 is 
2 076 Dunng the penod 1924 30 700 seedlings weie obtained from 
crosses of J H Hale with a number of commercial vaneties importent 
m Michigan, such as Banner Kalama^o Llberta, South Haven, 
and New Prohfic Of this hst only 15 had supenor horticultural 


Work is now under way in an attempt to develop some chnmtone 
vaneties of canning types suitable for Michigan conditions At the 
present time there are under observation 359 seedlings fiom crossM 
where one parent is freestone and the other cling, or whore both 


parents are cling 
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Califomia 

The work on peach bleeding at the California Agricultural Expeii- 
ment Station at Davis has been confined in recent years (1930-361 
larcely to developing a satisfactoiy type of nectarine for canning 
A Targe numboi of seedlings are now neing grown on the station 
grounds from about 1,310 crosses of nectarine X nectarmo and 
nectanne X peach Among the varieties of ntctaimes used as seed 
and pollen parents are Stanwick, Ansonne, Diamond Jubilee, Sure 
Crop, Qiutta Boston, Dixie, New Boy Goldmme, and Lappiatt 
Poach \anotics used either as seed or ^llon parents in crosses with 
those noctanno vanoties aie Lovell, Muir Late Champion, Red 
Chng, Elberta, Late Crawford, J H Hale,hayElbert‘i, and Rochester 
In addition there is a very excellent collection of over 300 named and 
P 1 numbered varieties of peach and noctanno 03 a SOUK e of breeding 
mateiial 

Breeihng woik with peaches wis begim m 1007 at the University of 
California f itnis Expciiment Station Riversidt to develop vaneties 
for glowing in southtrn C alifoima In this section many of the older 
vaneties of cling and freestone types do not start giowth sufhciently 
early in the spnng to secure normal development and sheddmg of 
blossom buds is conunon foUowmg warm wmters The Babcoik 

J eich, which was introduced m 1933 by G P Weldon of the Chaffti 
luuor (’ollege, and by the University of C iliforma, was the risidt of 
the early woik started by E B Babcock and C O Simth and con- 
tinued by J W lx sley The special value of the Babcock peach lies 
in its easily bioken doi money It is an early white freestone of fur 
size and good qu ility In recent yc ars other crosses ha\ e been made 
usmg as seed parents vaiious elmg and freestone vaneties, and pollen 
from Honey and Peento types and varieties m ’which dormancy is 
easily broken The Babcock is also being used in these crosses From 
this work about 12 seedlinp have shown promise and are being 
earned for fuithoi testing buns pollinated by P I 32374 has given 
a veiy proimsmg yellow cling Suns is a vanety characterized by a 
short rest penod , , u ^ 

Mui^aenuiens 

Brooding work at the Massachusetts station was bemm in 1918 
The progeny from most of the crosses made m 1925 and 1926, using 
as female parents vaneties that showed considerable hardiness, has 
been discarded os unsatisfactory for growth under Massachusetts 
climatic conditions There are 2,460 seedlings now recei'ving special 
study, mostly of a genetic rather than an immediately practical 
nature However, a number of proimsmg seedhngs have been 
selected for further testing In 1931 and 1932 over 2,000 seedlings 
were obtamed m crosses with Belle, Champion, and Gold Drop in 
studymg the problem of bnkage between flesh adherence to stone and 
flesh texture Some crosses have also been made m a study of the 
mhentance of bark color 

rirginta 

In recent years studies have been made on the progeny of a smooth- 
skinned Crawford seedhng obtamed by selfing, when it was crossed 
with such vaneties as J H Hale, South Haven, Rochester, Onole, 
Golden Jubilee, Elberta, and Gold Drop The object of the crosses 




Bree^ding atmlios were besnin at the Texas AKricultiirnl Experi- 
ment Station College Station, Tex , in IMri This work has for its 
purpose the development of xaiieties suited to peach-growing dis- 
tricts of Texas where the winter temperatures mav not bo low enough 
to give the proper amouiit of ehillmg required for best development 
of varieties that do better in more northern latitudes Hiley, I’allas, 
Belle, Early Elberta, Anna, Indian Free, Slappey, and Florida (leiii 
have been used in the crosses 


United States Department of Apiculture 
Peach-hreeding work in the Department was started in 1919 The 
early crosses were made at the branch experiment station of the 
Michigan Agricultural (’ollege at South Haven, Mich Later, crosses 
were made at the United States Plant Introduction Garden at Chico, 
Cahf. Since 1922 the work has been earned on m the Santa Clara 
Valley, principally in the expenmental oicharil at Lcland Stanford 
Junior University, FaloAlto,(’ahf Work has recently been undertaken 
at the United States Horticultural Station at the National Agiicul- 
tural Research Ci'iiter, Beltsxille, Mil , where some 150 vaneties are 
available for study. Dimng the past year 79 separate crosses were 
mode, usually high-quality eohl-resislant xaneties 

New vaneties that haxe been intioduced as a lesult of the work in 
California are Ijceton, Maxine, Stanfortl, and Ellis The Leeton is a 
selected seedling of Ijeader giown at Palo Alto fioiii juts imiiorled by 
Frank Dixon fnim Leeton, Australia Maxine is the product of a 
cross made at South Haven, Mich , between Ijeiuon Free and an 
unnamed early-ripening seedling of noticeable bud hardiness The 
Stanford, a HaussX Phillips hybrid, is a canning cling poach ripening 
in season with Phillips. The EUis, a cross of PhillipsXLinden, is also 
a canning cling typo ripening about a week alioad of Stanford. The 
introduction of these varieties has been based largely upon their 
behavior under California conditions The two freobtone varieties 
are worthy of testing under eastern conditions. The Leeton ripens 
about in season with Triumph and shows promise of being a better 
early peach than the latter variety The Maxine is a yellow-flesh 
variety of high.quality, ripening iust after Rochester It has proved 
to be quite cold-resistant in bud during two recent severe winters 
(1934-35 and 1936-36) at BeltsviUe, Md 
A larce number of hybrids have been produced since 1922, and these 
are uncmr teat in the experimental orchard at Palo Alto, Calif Some 
of the more promising of tliese hybrids are being tested at other places 
in California and, in a limited way, in a number of orchards in the 
eastern United States. Nearly all of the imported freestone varieties 
produced in tliis California breeding work are being tested at Belts- 
ville, Md. The seed parents are given m the following list, together 
with the number of hybrids developed from each parent. Elberta 11, 
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Hauss 5, Horton RivorsXChili 8, J. H. Hale 11, Illinois 2, Leader 5, 
Libbee 8, Lovell 7, Maxine 3, Miller Late 2, Mira 1, Muir 15, Newhall 
3, Ontario ^ Paloro 18, Phillips 6, Pratt-Ijow ]0, Salwey^44, Selma 3, 
St. John 2, Tuskena 14, Uneeda 1, Yellow Free 2, Yellow Transvaal 18. 

In addition to the more common commercial varieties, a large 
number of Department introductions having desirable characteristics 
and showing considerable promise for breeding have been used 
Among these are a Chinese introduction (P. I. 43289) and a Spanish 
elmg (P 1 43570T2) The varieties listed above as female parents 
have also been used as pollen parents in a good many reciprocal crosses 
Backcrosses and intercrosses have also been made with first-generation 
hybrids Studies are being made on the progeny of 234 separate and 
distinct crosses of named varieties and hybnds From this group of 
hybrids a number of promising freestone varieties have been obtamed 
that have characteristics superior to a number of the present commer- 
cial varieties Some arc promising canning clings, while others show 
marked resistance to delayed foliation and are adapted for growing in 
warmer climates where the present commercial varieties do not prochice 
satisfactory annual crops Combinations have been made between 
important commercial varieties subject to delay in foliation and such 
introduced vnneties as Yellow Transvaal and St Helena, which have 
leas prolonged dormancy, in the hope of transmitting this desirable 
character to the progeny 

_ In 1909 Shame! and assoeiates (25) noted some striking limb varia- 
tions in studies of freestone varieties in California, and more recently 
he has discovered some early- and late-ripening strains among pencil 

varieties, Weldon (31) has akso reported finding several limb ^ 

tions in orchards in the same State It appears that some varieties of 

E each are less stable than others While very few color sports of peach 
ave been found to date, it would not be surprising if more should be 
found when careful search is made 

Peach BREEDmc m Other Countries 
Canada 

Since 1914 peach breeding has been earned on at the Ontario 
Horticultural Experiment Station, Vineland, Ontario, to meet the 
needs of the market and climatic conditions of southern Canada, 
especially to secure varieties giving a seasonal succession of ripening. 
Open-pollinated seedlinp have been grown in considerable numbers 
Some hybridizing has also been done. Earlier ripening Elberta t 5 T)e 8 
with attractive fruit of high quahty were sought In 5l, 13,106 seed- 
lings were grown during the penod 1911-36. Of these, 144 have 
horticultural value. Six varieties were introduced during the period 
1925-30. Two of the most promising, Vahant and Vedette, are 
Elberta seedlings. 

From 1918 to 1922 8ppro.ximately 2,200 open-pollinated seedlings 
of Elberta were fruited. A second lot of 1,000 Elberta seedlings bore 
a marked resemblance to the parent tree in growth characteristics 
and in fruit. Probably 15 to 20 percent could have been propagated 
and distributed as Elberta, while approximately 3 percent had wliite 
flesh, and 15 percent were semiclin^ or clings. A fair number were 
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moderately good, none exceptional, the majority being of Elberta 
quality or poorer. The variation in season from Elberta was slight 
rangmg from a week earhor to a week later. Five hundred and fifty 
open-pollmat^^dhngs of Lemon Free were almost identical with 
the parent. Only a very occasional tree bore fruit with even a sug- 
gestion of color other than the yellow. Seedlings of New Prolific 
Reeves, and Eariy Crawford were very much like their parents. The 
fact that open-pollinated soodhngs of poach came so true to typo when 
the pits were taken from an orchard in which there w'ere upward of 
150 varieties, thus affording every opportunity for natural crossing, 
suggests that the peach is usually self-pomnated under orehard 
conditions. „ . . 

En^and 

Experiments with peaches and neetarines were begun at the John 
Innes Ilortieultuml Institution, Merton, England, m 1911. The ob- 
ject was to investignto the genetic composition of fruit trees by rinsing 
selfed offspring The varieties used were Royal George, Blood Leaf! 
and Lord Napier nectarine. The results obtuinerl will bo considered 
later under the discussion of genetic rel vtionsiups in the peach 

Australia 


The work on production of improved varieties of dessert peaches in 
New South Wales is located at Ilawkesbury Agricultural College, 
Richmond, while that on improved varieties of canning peaches is at 
the Yanco Experiment Farm, Yaneo Breeding at the Yaneo Fann 
with peaches was begun in 1928 One of the principal objectives was 
the development of better varieties for canning that would jiossess 
high Quality, large size, good yield, and freedom from red aioiind the 
pit There is a need for early canning vanoties to come in iinnu'- 
diately after the late apricots *aie harvested. Table freestone types 
are also sought in New South Wales, though not specifically in the 
breeding program at Yanco. The followmg varieties have been used 
in crosses as sources of open-pollinated seeds* Golden Queen, Ijcader, 
Paloro, Pullers, Sims, Tuskena, Goodman Choice, Loeksloy Perfec- 
tion, and Phillips (Victorian strain). Of these the greatest promise 
as parents has been shown by Golden Queen, Phillips, Tuskena, and 
Sims (Victorian). Goodman Choice has desinible habits, and Pullars 
excels in yield but is red around the pit. Loader, a freestone, is one 
of the best parents. Dessert types that are being planted for orchard 
trial are Phillips X Triumph, Tuskena X Ix‘ader, and France 
X Elberta. 

At the Ilawkesbury Agricultural College, seedlings of Goldmine 
(nectarine) X Triumph (peach), Blackburn X Triumph, and Elberta 
X Wiggins have product fruit of some promise as freestone dessert 
peaches. With nectarines, work is under way to improve on the 
standard vanetv Ghildmine. The varieties used as pollen parents are 
Mrs. Chisholm,' W. C. Flip, and Irrewarra. 


A fruit and vegetable experimental laboratoiy was established in 
1933 for the study of horticultural genetics. Its activities extend to 
the six experiment stations of the LacareUe group, distributed in the 
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different fruit producing regions of Morocco as w( 11 as to the ofGcial 
expenniintal gardens of the protectorate The peach breeding work 
has a definite objective, the production of new vaneties of high 
quahty ad vpted to local elunaUe and soil conditions ns well as stocks 
resistant to cirtam diseases such as gummosis The work to date 
has been contemed principally with the study of the hereditaiy 
characters of v meties that would appear to be tl o best patents A 
number of hybrids ha^e been produced and are under test lour 
forms of the Atlas peach arc bemg used as stocks 

Some Objectives in Impkovuilnt os Ppach Varieties 
BY BREEDINr 

In surveying the long list of peach varieties availablo for plantmg 
many are found with very desirable characteristics but for one reason 
or another not entirely satisfactory from the standpomt of the com 
mercial grower or the home fruit gaidener Ihe fault is often deter 
mined by the fruit growmg region in w hich the purtic ular vanety is 
grown In one region it may DO lad of resistance to wmter cold in 
another it may bo unproductiveness in still anotliei a peach may 

f irove to bo a e,ood bearer with satisfactory cold resist ince but hici 
ruit size and quality If suitability for canning is the principal 
requirement in a section a vanety must be judged entirely fiom this 
standpomt Vaneties poorly suited for one legion or purpose may be 
entirely suitable for otlier conditions 

In this article the Elbcrta has been mentioned as oui most important 
commeicial vanety but it lad s some desirabh chai actenstics It is 
adapted to a wide range of soil and climatic conditions and is an 
excellent shipping peach but it doe® not have the high fruit quahty 
nor the desired ciegieo of resistance of the tiee and blossom buds to 
low winter tcmperiituies Where tlie choi oc tcnstics of this vmety 
have been combined by breeding with those of a vanety more hardy 
m bud the results have been promising A lew vaneties have been 
obtained that arc of higher quality and more cold resistant in bud than 
Elbeita but they are not so widely adapted to the frmt growing 
regions of this country Seedlings of the Elberta have been found 
that ripen ahead of the parent and have fruit of higher quality and 
more attractive in appearance So far when all charactonstics are 
considered a pooch truly better than Llberta has not been found 
but if by pioper combination of characters a supenor vanety that 
is os widely adapted can be produced it will be a major contnbution 
to Amencan fruit culture To secure a hardy commercial vanety 
for the colder peach growmg sections of the Umted States is another 
most important objective m fruit improvement 

It has long been known that vaneties of the so called Crawford 
type are of very high quahty but not especially productive and very 
tender m bud Vaneties of this type have passed out of commercid 
production because they posses^ these unprofitable characters 
Attempts should be made to mtroduce Crawford type fruit quality 
or its equal mto other vaneties or to combme the hardmess and 
productive quahties of other vaneties with those of the Crawford type 
Progress has been made m this direction by using St John, a (>awford 
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type of high quality but not particularly strong ih tree character and 
cold resistance m bud, m crosses with Admiral Dewey, an old variety 
that 18 particularly hanly m bud, with small, fuzzy, unattractive 
fruits^ A veiy promising hybiid has boon thus developed m the 
breeding work of the Department of Agriculture 
The J. H Hale variety has many outstanding fruit characteristics, 
but it 18 lacking in vigor of tree, hardiness, and productivity A 
cross of J. H. Hale X South Haven at the Michigan Agricultural 
Experiment Station has resulted in a hybrid showing decided improve- 
ment oyer the South Haven variety Considerable breeding is under 
way, using the J II Hale variety as a parent Aceomplishmonts to 
date, while not entirely satisfactory, give promise for the future 
The raw material represented by vaneties of peach in this country 
needs further reworking through breeding methods in order to obtain 
the desired combination of characters In this material tliere are 


still many important characters lacking that ni^ be found in 
varieties now growing in other parts ot the world. The need of con- 
tinuing to import material is apparent An example is the quest for a 
variety that is not subject to delayed foliation In climates with 
warmer winters than those of the fruit regions ot this country, vaneties 
are to be found adapted to such conditions Such varieties should bo 
introduced into this country for combination with our own Progress 
has been made in California in recent years on this asiieet of breetling 
work bv the Department of Agrieulturo Varieties of the peach of the 
St Helena anu Transvaal types, introduced respeetuefy from the 
Island of St Helena and from South Africa and crossed with our 


native vaneties, have given results that would indicate that tlie 
problem of delayed foliation can be overcome at least to some extent 
through breeding 

There is need for more knowledge about the heritable characlcn>^llc8 
of rootstocks for peaches It has been observed that bomo vaneties of 
a particular parentage arc more susceptible than others to cold injury 
or to root di^ase It is important to know which seedlings may be 
used as storks to insure longevitv, produotiveness, and disease resist- 
ance. Work is now under way in the Department of Agnculture to 
determine the merits of secillings of known vaneties of peach and plum 


suitable for understocks (fig 9) 

As already indicated, methods miwt be devised whereby the seeds of 
early-ripening varieties of stone fruits can bo made to germinate after 
crosses have been made. , . , 

Another important objective m stone-fnut brewling work is the 
development of superior vaneties for canning and for drying. In 
California at the present time vaneties of apricots suitable for canning 
are very much sought for. Varieties of peaches of the canning cling 
type that have been used for a number of years are not entirely satis- 
factory because of one weakness or another. Some otherwise sati^ 
factory varieties develop red color in the flesh, especially about the 
pit, which renders them undesirable for canning Pit splitting and 
gumming are other faults Some of the canning varieties us^ at the 
present time are susceptible to mildew through the inheritance of 
glandlessness. Good types lacking such objectionable characteristics 
are needed for canning. 
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The method of approach to the problem of developing better varie- 
ties will involve basic studies in the inhcntance and transmission of 
characters An important part of the work, therefore, will be growing 
and studying progenies to determine the transmission of desirable as 
well as undesirable characteristics 
Very little work has been done from the standpoint of secimng 
desirable charactenstics through induced mutations Polyploidy, oi 
increase m the number of chromosomes, which has proved of special 
interest with other crops, has received little attention from workers in 



Figftre 9 PeaihrootslickcflVtUi 1 arlyllilcvvanitv fourth vearin tlicc rrhard Ihe 
row on the nght la on pluui (Piwkm hortwana) and llic one on the, left la on the widely 
used Tennessee natural peach stock 1 be dwarfing inBuence on the hortulma stock 
IS ap] arent 

stone-fruit breeding Some work has been done at the New York 
Agneultural Experiment Station at Geneva in an attempt to mduce 
polyploidy in stono frmts through the selection of large pollen grams 
This method has not yet yielded satisfactory results, but the studies 
need to be continued, with many other attacks on the general problem 
No results have been obtained so far iii attempts to cause mutations 
through heat treatments, a method that seems promising in corn 
breeding 

SoMb GeIVLTIC I< acts I STABl ISUED IN PbACU BREEDING * 

In a collection of 100 or more peach vanoties selected at random, 
the casual observer of the trees might think that they are all one variety 
Among peach vaneties in general there are no veiy marked differences 
in general tree characters There are, however, distmct differences in 
size, shape, and color of leaves, in time of blossoming, m color and size 
of flower, m time of npenmg, and in fruit characters Genetic studies 


1 Thl^ section It w ntten iHimarily lor ttudontt in I other terfantcally interested in breeding or genetics 
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show these characters to he.mhenteti, and m hybndization many of 
them appear m the normal Mendehan latios Cytological studies to 
date have not revealed how the factors governing these characters are 
linked, nor where they are located on the chiomosomes, nor what the 
behavior is in the reduction division of the sex cells 
Connors (4, 6, 7), of New Jersey, was one of the hrst workers in 
this country to investigate some of the genetic relationships in peaches 
He made crosses between some of the important commercial varieties 
in an attempt to gather infoimation on inhentance of characters 

InheiUance of Ihsh Characters 

Flesh color — The parents used by Connors in one senes of crosses 
were Elberta and Early Crawford as yellow-flesh \ aneties and Belle 
and Greensboro as wmte-fltsh vonoties Early Crawford has small 
blossoms, Elberta medium, and Greensboro large All are freestone 
except Greensboro, which is a soft semicling An analysis of tlie 
progeny m the Fj generation showed some interesting facts All of 
the vaneties used in the ciosses were of unknown parentage, having 
ongmated as chance seedlings Belle, a white and IJborta, a yillow, 
are supposed to bo 1 1 descendants ot Chinese Cling with the pollen 

E arent unknown Greensboro behaved as a pure white in crosses 
ut when selfed no progeny was obtained because of the fiuluie of the 
seeds to grow St John (yellow ) X Early 'Whoelci (white) gave all 
wlute in the Fi, and St John X Circtnsboro likewise gave all white 
Fj seedlmgs White flesh is dominant ovei yellow flesh Crosses oi 
self-polhnations of homo/ygous white-flesh v aneties have yielded all 
white-flesh seedhngs Heterozygous whites have yielded thiee whites 
to one yellow YoUows have given all yellow 
This work makes the supposed pai outage of Elberta somewhat open 
to question Elberta is a seedling of Chinese Chng, and the pollen 
parent is thought to be some variety like Early C i iwford If Chinese 
Cling were pure wMte as might be suspected from its early history, 
then m a cross with a yellow vanety the first gtniialion seedling 
should all bo wlute However, Elberta us the hi m this probable 
cross 18 yellow whde Belle, a siedhng of the same vanety (Chinese 
Chng) 18 white The Clunese Chng parent of Elberta may not have 
been a pure wkte The work at Vmwand, Ontano, Canada, reported 
by Palmer {2b), confirms that of Connois in showmg that whin a 
homozygous white-flesh peach has been usid as one of the parents 
all of the progeny will have white flesh Yellow flesh behaved as a 
pure recessive It is perhaps more significant m considenng the 
parentage of Elberta that from 2,200 open-pollmated and selfed 
seedhngs of that vanety, there has been none with frmt resembhng 
Early Crawford, the supposed pollen parent Palmer has ventured 
the o pini on that Elberta is a natural selfed seedhng of Clunese Cling, 
a recessive yellow breedmg true for that color 

jTexfure of flesh— In the work of Connors, Elberta self-polhnated 
seedlings showed a high percentage of firm fruit Wherever Ellwrta 
was used as a parent the result was a high percentage of firm-flesh 
seedhngs Belle X Early Crawford gave a relatively high percentage 
of firm-flesh seedlings Soft flesh appears to be donunant over non- 
mel fing flesh. The character for produemg the tough flesh so desirable 
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for commercial canning is present in Belle, Carman, and Early Craw- 
ford. Seedlings of these varieties, however, show red coloring of the 
flesh about the stone, an undesirable character from a canning stand- 
point. 

Adhesion oj flesh to stone . — Connors noted that freestone appears to 
be dominant over clingstone. In crosses between freestone varieties 
the progeny has been about two freestones to one cling or semicling 
There are some varieties that are classed as semicling in which tlie 
adhesion of flesh to stone is not very great. In some of these groups 
such as Greensboro and C'arman, the fruits in some seasons may be 
nearly free Frequently, if the fruits are allowed to remain on the 
tree untd well ripened, the flesh will almost completely separate from 
the stone. The true clingstone ^po of peach is tliat represented by 
varieties like White Heath and Bed Bird, and the canmng cling by 
types bke Phillips and Paloro Freestones crossed with freestones 
always gave a high percentage of freestones, the degree depending on 
the variety. Belle and Elberta carry a factor for adhesion of flesYi to 
stone of about 33 percent Wlien freestones are crossed with cling- 
stones a higher proportion of freestones than chngstones is obtained. 

Inheritance of Other Characters 

Foliar glands or nectaries . — ^The foliar nectaries of the peach are of 
interest because it has been shown that glandless varieties are more 
susceptible to some leaf diseases, particularly mildew, than varieties 
with glands Some commercial canmng cling varieties now grown 
in C’aliforma, such as Paloro and Hauss, are glandless. Those are 
q^uite subject to mildew in some seasons and in some locations 
Rivers (S7) reports that in crossing varieties having remform glands 
with glandless varieties, he obtained an intermediate type, which 
was round or globose Connors, in crossing some of our common 
American varieties, such as Bello, Carman, Elberta, and Greensboro, 
which are roniform, obtained seedlings all of which were roniform. 
When these varieties were crossed with vanotios with globose leaf 
glands, the progeny was about 60-60 reniform and glandless. No 
glandless varieties were selfed, but Bailey and French {8) report 
all the progeny of a selfed glandless seedling were glandless. The F, 
hybrids of a cross between reniform and glandless varieties all have 
glands that are globose (fig. 10). The character is apparently 
mcompletely dominant 

Tree habit - In crosses at the New Jersey station between Greens- 
boro, spreading type, and Early Crawford, upnght type, the seedlings 
were all intermediate, none being the same as cither parent. Seedlings 
of Early Crawford, self-pollinateid, were all upright. Seedlings of Lola 
and Carman, which are spreading, were all spreading. The progeny 
from selfed Elberta gave ratios of 1 upright : 2 intermediate : 1 spread- 
ing. No dwarfs have speared among the progeny of these varieties. 

Size blossoms . — ^Witn blossoms the blending type of inheritance 
is usually shown, with sometimes a slight apparent dominance of the 
small-blossom type. In all cases studied by Connors, the la:^e 
blossoms and small blossoms were homozygous. Large crossed with 
smallgaveallmedium,andthemedium8p]itupinaratioof 1 ;2: linthe 
Fa generation. Large blossoms appear to be dominant in varieties 
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m selfing. In crosses of large-petal types with small-petal types all 
the seedlings had medium-sue blossoms This appears to be a ease 
of incomplete dominance 

Blooming date— The majority of seedlings bloomed at praetieallv 

S® I’loonied earlier 
or later, Elberta and Belle, self-pollmated, gaie some wdlmgs that 
commen^d blooming as much as a week alter the parents. Slanpey 
18 a late bloomer, and all of its progeiu weie late 

Ripening date —The hybrids usiiariy ripened nboul midway be- 
tween the parents, and it is rareh the ease that a seedling ripens 



earlier than the early parent or later than the late parent. The 
deduction is that the best chance to secure a new* indiiidual ripening 
its fruit at a certain date would be by crossing two varieties the mean 
of whose ripening dates would fall at the ilesired time No marked 
differences in ripening dates were obsened The majonty of the 
seedlings of the varieties used ripened niunit in season with the 
parents, with some slightly earlier and some later than either parent. 

Size oj Jruit — Parents with small-size fruit are to be aioided. 
Belle transmitted its character for good fruit size. Elberta seeillings 
are practically all large-fruited. 

Beginning in 1921, Connors used the J II Hale variety in a mupber 
of crosses. During the period 1923-28, 42 crosses were made with 
this variety Blake and Connors (4), reporting on the results of these 
crosses, state that the collection of characters in the J II Hale variety 
was as a group recessive to the characters in vanoties such as Chili, 
Iron Mountain, Chinese Blood, and varieties with nonmelting type 



694 


YEARBOOK, 1937 


of /losh 111 the Paso of J H Hale X Chili the progeny of the cross 
so closely resonihled Chili in every way that it was impossible to dis- 
tinguisli many of them from the pollen parent In summarizing the 
evidence of inheritance of characteristics in the progeny of th^ J. H 
Halo crosses, Blake and Connors drew the following conclusions; (1) 
Red tlesh color about the pits is apparently dominant over absence of 
red at the pit; (2) watery melting flesh texture is apparently dominant 
over firm-melting flesli texture, (3) nonmelting flesh is recessive to both 
watery melting ainl Ihin-melting flesh texture, (4) blood red flesh was 
dominant over the absence of red; (5) lieavy pubescence is apparently 
dominant over short or light pubescence; (6) oval-come, oval-oblong, 
and round-pom ted forms in Chili, Iron Mountain, Chinese Blood, Japan 
Hwarf Blood, and others were dominant over round , (7) full-dwarf and 
seimdwarf growth habit was recessive to standard tree size; (8) early 
blooming, eharacteristic of AtAygdalvs kamuevHi'< (Rehd ) Skeels, was 
dominantovertholntebloomingof J H Hale, (9) vigorous sucker devel- 
opment from the trunk and mam branches characteristic of ^1. kansvfn- 
siK was dominant over the slight sucker development of J. H. Hale 

Charade! s Tianamuted by Ccrlain I ariettes 

Elbcrta transmits large fruit size, yellow color, and firmness of flesh, 
freestone character, an extended perioil of ripening, and a slight 
tendency to sterility The self-pollinated seedlings show better quauty 
than that of the variety itself 

Belle is a heterozygous white niul is able to transmit white and 
yellow flesh, a fair degree of firmness of flesh, a fair degree of freestone 
condition, variability in penod of ripening and blooming, and a 
tendency to sterility 

Early Crawford transmits small fruit size, yellow flesh, a good degree 
of firm or tough flesh, a fairly high degree of freestone character, tender 
pubescent skin, and rather high acidity. 

Greensboro transmits white flesh, good fruit size and color, hardiness 
in bud, softness of flesli, and a elingstono character 

Slappey transmits small fruit size, dry, mealy, yellow flesh, lateness 
of blooming, and nonadhesion of pulp. 

Lola transmits small size, tendency to clingstone condition, and 
tough flesh. * 

In tree habit the white-flesh varieties arc more vigorous in tree 
growth than yellow-flesh sorts. 

Further genetic studies on the inheritance of characters in the 
peach may be helpful in tracing the origin of the aforementioned 
groups or races of jieaches. This should be possible if prototypes of 
our present-day varieties coiild be located, such as the large-petaled, 
white-fleshed peaches of China, and the small and medium-petoled, 
yellow-flcslied types found among varieties more common in western 
Asia and the Moditcrrimean countries, and among the varieties now 
commonly grown in this country. 

Genetic Studies in En^nd 

Work at the John Innes Horticultural Institution in England with 
the peach Royal George, having small flowers and small, eglandular, 
serrate leaves, when selfed gave a progeny of seedlings with small 
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flowera and eglandukr, aorrate-margined leaves Rovnl Oeorce and 
Its proMny proved to bo susceptible to mildew 

The Purple Leaf varietv of peach (Blood I^nf) with large flowers, 
purple leaves, reniform glands, shallow margin, finely serrate, when 
selfed gave a small number of progeny, all having largo flowers, purple 
leaves, remform glands, and leaf maigin similar to type 

Selfed nwtarine (I^ord Napier variety) with large flowers, large 
leave^ reniform glands, and shallow cronato margin gave soodhnga 
with flowers and leaves similar to the parent A few of the leaves 
were almost serrate 

Two seedlii^ raised from a cross of Purple lx*af peach X Ixird 
Napier nectarine had purple leaves, but the pigment was less intense 
than in the Purple Leaf parent or its selfed dorn a t i ves This suggests 
that the purple pigment in the poach bclunes as a dominant, but the 
reduction in the amount of pigment suggests a modifying factor 

Correfalions 

Hedrick ( 17 ) has pointed out a correlation between color of the 
inside of the calyx cup and the color of flesh of the fruit When the 
calyx cup is greenish the fruit will be white, and when the calyx cup 
is a deep orange the flesh ot the fruit will be yellow An intermediate 
type is suggested by Connora in which the calvx cup is yellow'ish 
buff, and following this the color of the flesh will he white, hut the 
tree carries a character for yellow flesh This is true in the case of 
Belle. 

Another eorrelation, aceording to Connora, is that between leaves 
and the color of the flesh When the midrib and the veins of the leaves 
of a vanety have a yellowish cast the fruit is vellow , but if tlie midrib 
or veins are pale green or whitish the fruit will be white 

Pollen SterililY 


Most varieties of poaches are self-fruitful. Occasionally failure to 
produce crops may be due to pollen sterility, which is exhibited in a 
few commercial varieties, such ns J. 11. Hale, Halberta, (’niidoka. 
Mikado, and Chinese Cling 

Connors in 1921-22 examined over .330 seedlings in the fniit-breeding 
plots J. H Hale was the only variety that did not pi-odiice pollen, 
and about 50 percent of open-pollinated seeillings of tliis variety were 
pollen-sterile individuals Progeny o^ some crosses with J. II Hale 
have also shown about 50 percent of storde individuah, while iii other 
crosses with this variety the progeny all produced pollen. It is sug- 
gested that this type of sterihty is recessive to the fully fertile flower 
form. The failure of pollen-gram development in J 11 Halo has been 
found to be due to degeneration in the mierospores some time previous 
to blossoming Apparently there are strains of this variety that pro- 
duce poUen and are self-fruitful, but whether these have arisen as 
somatic variations or have distinct ancestry is unknown 

merta X Belle 14, Elberta selfed 13, Elberta X Early Craw lord 7, 
Elberta X Greensboro 5, and BeUe X Gi-eensboro 4 percent. 
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Chromosome Numbers m Peach Varieties 
The basic chiomosoiiie numbei m the se\ cells m the genus Pninva 
IS 8 The vnncties of peach examined cytologically show the diploid 
(2n) number of chromosomes to he 16 So far as known, no tnploid 
01 ^traplonl types have been discoveied If these h<ive occurred in 
the past they have appuiently not been piopagatcd or w^cre discarded 
in the scnrcJi foi new vanetics The liuit cfiaiac teristics of the J H 
Hale vaiicty might suggest a tetraploid condition, but insofar as is 
known they aie not nssodutoil with tetinploidy 

The pcuh is lathei a stable entity TVo iiicgulaiities m chiomo- 
some hchavioi luivc been icported Vpparontlv reduction to the 
hajiloid miinhci in the loimation of the sex cdls piioi to fertili/ation 
and liiiit dc\ clopnient pioceeils in i noiinal manner Likewise m 
somatic cell divisions no conspicuous ii i< giilaiitK s have been reported 
in (liromosome bduiMoi, and fiw vaiicties have be< n propagated as 
true somatic imilations 

The prohldu of sdf-unfimtfulness, whidi is xeiy impoitant m the 
(ase of other stone fiuits and ot apples, andwhn h has stimulated eon- 
sidirahle (vtcilognal investigation with tluso Iniits, is relatively un- 
important in the peach 

Nearly all of oui (ommerdal vaneties aie sclf-liuitful that is, they 
sot fimtwith thdi own pollen In a lew instances varieties are self- 
unfiuitful bemuse of polhn steiility 

Our piesdit-dny xniieties ,ue laigdy consideied to be chance 
SOI (llings, and many of them may hav e aiisen as self-polhnntcd piogeny 
of vaiious types Suuo doubtless ate the lesult of natural hybridiza- 
tion It is a fact,howevd, that many of thesevaiictus are homozygous 
for the genes lontioUiiig several of the diaiactirs studied 

4ppi NOIX (Pi M h) 

I Ani I i fixations of /Kmli hnntinn umk and names of U'orl ers in the ( niied Stales, 
and ( anada 
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Tablii 3 -^iMcations «/ pvach breeding irorJt and names «/ iiu/Aok in th I lined Smtis 
and Canada ( nnlimml 



Peach and Neaanne Jtrecding Mataiul al ihi f mud Sums Ihwtuuluind 
Station at the National iyricitltural Ristnnh Ctnur, liihsitlh, Md 


Admiral Diwc\ 
Admiral Dewtj ' 
John 

Alex iuder 
Alton 

Australian Sauctr 

Babcock 

Banner 

Barnard 

Belle 

Beers Sniutk 
Berk I avorib* 

Best June 

Bilvcu 

Blood Flesh 

Brackett 

Bnggs Red May 

Canadian Queen 

Candoka 

Captain Edc 

Carman 

Chih 

Chinese Chug 
Champion 
C O Smith 
Cumberland 
Curry 
Delicious 
Duke Hale 
Early Crawford 
Elarly Elberta 
Early Imperial 
Early Queen 
Early Rose 


l*arh ^hteki Obd Bi 1) lllinou, 


St 1 clipse 
Ilbuta 

Ell crU X Phillips 
Engle Mauuuoth 
Eureka 
1 airs Bcaut\ 

Fatlu r 8 Pride 
lay lllierti 
I itzgcrald 

I laming Oold 
I os. 

Irames 

Gage 

(icorgt IV 
Giant Snowball 
Glolie 
Gold Drop 
Gold I-intli 
Golden JubiU t 
Greensboro 
Halberta 
Halehaven 
Halo Early 
Hauss X loster 
Heath Gling 
Hennetta 
Hiley 
HobMa 
Honey Dew 
Hope Farm 
Horton River 
Hyslop 


iiiipioved Crawfold I ite 

Iiidi 111 BliHid Ghng 

Iron Mount iiii 

Tap nil M Giant ( ling 

J II Hale 

Toll 11 Rivers 

July EUh rta 

July t.old 

June I Iberia 

Kalani t/i o 

lyathiMi 

Ketti 

Kruiniuel 

Late ( riwf id 

Leiiion ( hug 
Lcinun 1 reo 
levy 

libbii 


wortl 


Ixivell 

loMiig ( ling 
1 liken Hunt \ 
Mammoth lleith Cling 
Marigold 
Mark 

Markham C ling 
Marquette 
Martlia lern 
Mathews 
Mavine 
Mayflower 
Mikado 

in w far u praetiCBble to the to Je 


•The vsnety ntunM In thb and *^J“|t?!?i^^‘.iSl£lbienumberf7introducnon™frtm^^ 
Sf^ntnied ss the acceptance o( them by this Department 
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Miller Late P 1 101676 fet John 

Minme Stanford P I 101676 balberta 

Mountain Rose P I 101677 Salwey 

Muir P I 101680 September Mammoth 

Newcomb P I 101681 Shalil (P I 68862) 

Newhall P I 101682 Shippers Late 

New Jersey 71 PI 101687 Sims 

New Jerst v 73 PI 101688 Slappey 

New Jerstv 87 PI 101680 South Haven 

New Prolific P I 43280 X Plarly Stinson 

Niagara Crawford Strawberry 

N J 12722 Pallas Stunm 

Oldmixoii f ling Ftacharme Sun t lo 

Oldmixon tree Peak Cling Texan 

Opulent Phillips 'Iriumph 

P O W Pickett lav onto Umeda 

P 1 86126 Pioneer Valiant 

P I 43137 Polly Vedette 

P I 68353 Pratt Low Veteran 

P I 101655 Ka> Viceroy 

P I 101663 Red Indian Vivid Globe 

P I 101665 Rio Oso Gem White CUng 

P I 101667 Roberta White Hale 

P I 101668 Rochester Wilma 

P I 101660 Radiance Yellow Indian 

NFCTARINE8 

Boston Hunter Rivers Orange 

Gold Mine I ipiatt Late Orange Stanwick 

Gower Quetta Sure Crop 

Peach and Nectarine Breeding Material at the California Affncultural 
Experiment Station, Daiis, Calif 


Australian Saucer 

Babcock 

Banner 

Barbara 

Belle 

Belle October 
Best June 
Bitterless Elberta 
Bilycu 
Blood 

Blood Cling 
Blood Free 
Blood Leaf CUng 
Bokhara 
Bolivian Cling 
Brackett 
BresquiUa 
Bnggs 

Btom Beauty 
Buokhom 

Burton s Hale Early w 


Pt.ACHt.8 

Cameo 
Captam Ede 
Carman 
Carota 
Carpenter 
Champion 
Chiloro 
Cumberland 
Cotogna di Siena 
Crunbon Cling 
Cuban Nut 
Curne Free 
Dahling 
^^Late CUng 

Dorothy 

Duchess of Cornwall 
Earliest 

Early Charlotte 
Early Crawford 
Early Elberta 
Early Imperial 
Early Japanese 
Early Rose 
Early Wheeler 
Elberta 
Elberta Chng 
Estella 
Eureka 
■ Everbearing 
Fay Elberta 


Fei 

Pitigerald 
Florida Gem 
Florence 
Foster 
frank 

Frank seedling 

Fredencka 

Gaume 

George IV 

George Late 

Gibbon October 

GiUa Tardiva di Milano 

Gillingham 

Globe 

Gold Dust 

Goodman Choice 

Golden Chinese 

Golden Jubilee 

Golden Sweet Cling 

Golden Queen 

Greensboro 

Grosse Mignonne 

Haight Late Free 

Hale Cling 

Hale Early 

Hams 

Hams Yellow Cling 
Halford No 1 
Halford No 2 
Halford No 8 
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Heath Cling 
Helen 
Hobson 

Home Freestone 
Hone> 

Honey Cling 
Ideal 

Ijam Tuscan 
Illinois 
Imptrisl 
Jaiiau Dvvarf 
Je\iel 
J II Hsk 

J H Keith 1 arU May 

Johnson 

Tiiiic Flbcrta 

Katie 

Klondike 

Knimnit 1 

I adv I indscc 

I idv F ilnicrston 

La Grange 

I ate C h iinpiou 

I ate C rassford 

I ate I Iberta 

I ab 1 usi an 

I eader 

I emon Cling 

Leona 

levy 

I iboce 

I ibcrty 

I inpiatt 

Lovell 

I uken Hones 

Maunuoth Heath 

Massasoit 

Marv 

Masliovitr 

MeDes itt Chug 

MeKevitt 

Miller I ate 

Miiig lomb 

Minnie {Stanford 

MlSSIbbippl 

Monte Vista Cling 

Morellone 

Morns White 

Mother 

Motions Chug 

Mothers havoritc 

Mountain Rose 

Mowry Straw berrs Cling 

Muir Perfeetion 

Munford 

National 


Advance 

Ansenne 

Boston 


Keweastle Tuscan 
NewhUl 

Niagara 
Nit hols 
Noble Rid 
October BcHuts 
October Iiidi in 
Oefobeit i 
Oklahoma He iiilv 
OldniiMin < bug 
Oldnu\oii Inc 
Ontario 
Oinilent 
Orange C ling 
Onole 
Ospns 
Pall is 
Psloro 
Paragon 
Patison 
Peak 
Pttnto 
Peregrine 
l‘crfi 1 turn 
I’lnllijih 
P I 21S07 
P I 32I7t 
P 1 3 >201 
P I %4S5 
P I 41395 
P I 432S9 
P I 43290 
P I 43291 
P I 55503 
P I 55501 
P I 55SH 
P I 55S35 
P I 01302 
Pi( cuK 1 1 ate 
Pinkh iin 
Placer Cling 
Ponion i 
Pritt I on 
Pnnee- of AC des 
Pullar t hug 
Radiant 
Itaisin t hng 
Radiance 

Red Bird (ssnonsm 
Farlv Wheeler) 

Rio Oso Gem 
Rochester 

Runs on Orange Cling 
Red Muir 
Sabichi Winter 

NrCTAHINliS 

Diamond Jubilee 
Dixie 
Downton 
Dry (ten 

Farly Newington 
Early Rivers 


St John 

SaliM \ 

Sea 1 agli 

Sellers 

Shill 

Shaniri I 
Shalil s< I dhng 
Sh II jM 
She nil 111 
ShipiM rs ( 1 I g 

Smith 

Smill Inch in 
Sn< i d 
Sti III ns 
Stinson 
Str iwlxiri 
Siminur lie ith 

Sulhiun 

sillier’ 

Siisc(ikIi II 11 1 
Suite I (ink 
I a\ loi 
leni 
le\ss 
1 hiirbei 
lluiimoid 
I ogo 

losctti 1 ill 1 ne 
I riuiia 

Iribbles ( hng 
I nbblcs I III 
1 nbblcs Pi i i 
I rnimph 

keiia) 

I uski n i 
1 p lo Dit 

Van miiion 
Vivid Glotx^ 
Victor 
Waldo 
W iltoii 
W ard 1 ite 
Wasliiiigtoii 

West 1 ati 1 ri e 
of Wilbur 
Wilcv ( ling 
Wilma 

Winter 1 n i stone. 
AVorth 

Afcllow Hilev 
Yellow Swan 


1 ishcr Yellow 

Gavlord 

Gold Mine. 

Gower 

Gnffith 

Hardwicbe 
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Humboldt P. I 26503 Red Roman 

J. C. Weea P. I 29227 Robinson 

Kathryn P. I 80648 Smith 

Lippiatt P 1.65973 Spanish 

Lord Napier P I 65974 Spencer 

Mexican P. 1. 65975 Stanwick 

Milton P I 65976 Stanwick Elrudge 

Muir P I 65977 Surecrop 

Nettarino Gilla d’Padova P I. 65978 Togatch Moneck 

New Boy P. 1. 65979 Traveller 

New White P. I. 68178 Victoria 

Nigh Pineapple Violet 

Newton Quotta Wilkinson 

Oxark Red Cling 

Peadi and Nectarine Breeding Material at the Georgia Agricultural Experi- 
ment Station, Experiment, Ga. 


Admiral Dewey 

Alton 

Annabel 

BeUe 

Babcock 

Banner 

Best June 

Best May 

Brackett 

Chilow 

Chinese Cling 
Cumberland 
Delicious 
Eureka 
Early Rose 
Eclipse 
Elberta 
Fertile Hale 
FitsTCrald 
Florida Gem 
Gage Elberta 
Georgia Halo 
Golden Jubilee 


Goldfinch 
Halehavcn 
Hale serdling 
Harpole Late Yellow 
Honey 

Indian Blood 

Jewel 

J. H Hale 

Kotte 

Knimmel 

I«mon Free 

TiUttichau 

Manly 

Marigold 

Marqiictte 

Mayflower 

Mikado 

Mountain Rose 

New Jersey 46-B 

Now Prolific 

Oriole 

Paloro 

Paloro No 2 


Pioneer 
Rio Oso Gem 
Riverdale 
Rochester 

September Mammoth 

Shipper Big Red 

Sims 

Slappey 

Sunbeam 

Sun Glo 

Ttiskena (Tuscan) 

Valiant 

Vedette 

Veteran 

Walton 

Weem Hale 

■White English 

Willow Leaf 

Wilma 

Woodland Cling 


Peach and Nectarine Breeding Material at the New Jersey Agricultural 
Experiment Station, New Brunswick, N. J. 


Admirable Jaune (P I 86168) 
Admiral Dewey 
Agostina (80128) 

Afcken Clmg (P. I. 88543) 


Augbert 

Aurora (P. I 57688) 

Australian Saucer 

Banner 

Barbara 

Beauty Belle 

Belle de Vitry (P. I 102515) 

Bennetts Perfection 

Berks 

Best June 

Bilmeyer 

BoUvian (P. 1. 36126) 
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Brackett 

Bnggs Parly Ma^ (sMiomm of B 
Burbank 

Burbank Giant 1 rciitono 

Buttercup 

Camelliaflore 

Candoka 

Chairs Choice 

Cliarlcs luKouph (P 1 101«2i) 

Chill 

Cliiiitse Blood 
Chinesi ChiiK 
Chni Shell Llberta 
Color i 
Columbia 
Connett 
Crosby 
Cunilx-rlaml 

D B Aiisv (P I SXj4fi) 

Delicious 
D It-vlia 
Double Pink 
Doubh Rtd Laily 
DoiibU White 
Duke of York 
Duloe 

I aRles Beak (P 1 452S9) 

1 ariy Ci aw ford 
Larly I Iberta 
tally May 
Parly Ros< 

Early Wliccler 
P clipse 
1 Iberta 
Flborta Dwaif 
P iiRle Monmouth 
T nglish Galatule 
I Stella 
I ureka 
Fxquisitc 
I ertile PI ale 
r H B (43051) 

Fitzgerald 

Fotiter 

Fox 

I ranees 

Frank 

Prcdencka 

Gallande (P I 66094) 

Genuner 
General I ec 
George IV 
Gold Drop 
Golden Elberta Cling 
Golden Gem 
Golden Heath 
Golden Jubilee 
Goldfinch 

Goodman Choice on Salwe\ (68354) 

Gordon 

Goshawk 

Greensboro 

Grosse Mignonne (P I 76^7) 
Grosse Mignonne (P I 
Grosse Mignonne (P I 102523) 


H illxrta 
) lisle I srlv 
llilehaMii 
Haiiii Almond 
Hsidie 

Iliitiuh 1 af( 'Villoiv 
Haiiss 

Heath Cln g 
Hilee 
Hobson 
H p< ifliin 
let Crt Mil 
Idtsl 
Illinois 
Tndiaiia 

Ii disii Blood Cling 
Intlisn f ling 
Iron Moiinlsin 
ls(|incr<lo (P I >7li87) 

Tapsn Dwarf Blood 

lapsn Golden Giant Cling 

Itiiiiu Wortheii 

I H Hah 

J M Mack 

Inly I Iberts 

July Gold 

Tiiiit Pllerls 

Kitlsni woo 

IvathrMi 

K itu 

Kettt 

Kiln Kiln (P 1 88 >47) 

King boloiiieii 
Kriiminel 
I ate Chsnijiion 
I ati Cl iwfoid 
I ate I llxrta 

lurSalwtv (P I 88548) 

I tnion Cling 
I enioii 1 ret 
I eona 
I izru 

I ippiatt I ate Red 

Madilcini di Coiirson (1’ 1 

Mamie Ross 

Mangold 

Marquette 

Marriages I ate (P I 88550) 

Massasoit 

Maxine 

Ma\ flower 

Mi xican Hori<. < 

Mitchelson (P I 

Monkton No 1 (P I 

Monk ton No 2 (P I 886 j3) 

Morns Whitt 

Motions Cling 

Mountain Rose 

Muir 

Muir Perfection 
National 

Ohio Late Crawford 
Oldmixon Free 
Oriole 


t>(i005) 
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Pallas 

Paloro 

Pomona Majorada (P I 57689) 
Paragon 

Prunus davidtana 
Peacharmc 
Pcento 
Phillmn 
P I. 35201 
P 1.36485 
P I 55564 
P I 55775 
P I 65776 
P I. 65885 
P I 65886 
P I 55887 
P I. 66888 
P I 66920 
P. I 61302 
P I 63850 
P 1.63861 
P. I. 63852 
P. I. 63853 
P I 63855 
P I. 74011 
P I 76202 
P 1.76361 
P I 88562 
P I 88561 
P I 91762 
P I 92159 
Pioneer 

Plununer (P. I 88665) 

Polly (Ames 11) 

Poppa de Vencrc (P I 102527) 
Pnmroee 

Prunus kansuentti 
Prunus mira 
Pullar Cling 


liar Cling 
Purple Leu 
Radiance 


Rochester 

Rosebud 

Salbcrta 

Salwey 

Sant Anna (P I 1 


Red A 
RcdB 
Red C 
RedD 

Red Bird (s}nonyin of Early Wheeler) 
Reeves 

lUina Eleaua (P. I 57690) 


Blood Fleshed 
Breok 
Cftrdinal 
Diamond Jubilee 
Flaming Gold 
Garden State 
G. O. Breeding 
Goldmine 
Gower 
Humbolt 

Uppiatt Late Orani 
Nectarine Peach 
88554) 


Sellers Orange 

Scmi-Dwaif Elberta 

September Monmouth 

Shippers Cling 

Shippers Late Red 

Slappev 

Sleepers Dwarf 

Smock 

South ifavcii 

Stevens 

Stinson 

St John 

Straw ben j Free 

Stump 

Sunbeam 

Sun Glo 

Sungold 

Surprise 

Tos China (P I 77877) 

Tos China on Salwcj (P. I. 77878) 

Tos China on Salwe^ seedling (P. I 
77876) 

Triumph 

Tuskena (Tuscan) 

Up-to-Date 

Valiant 

Vanity 

Veteran 

Vidette 

Volanc (P I 107783) 

Waipaw a on Salw e\ sendling (88556) 
Waldo 

Watt Early (P I 57917) 

White Hale 
Wiima 
Winner 
Wm. Kano 

Wrights Bountiful (P I 88367) 
Wrights Late Red (P I. 88658) 
Wrights Midse^n (P. I. 88559) 
Yellow Greensboro 
Zelandla Peach (P I 88560) 


Littles YeUow 
Lord Napier 
P. I 659% 

P I 65974 
P. I. 66975 
P. 1 65976 
P. I 65977 
P I. 65978 
P. I. 65979 
Pineapple 
Sure Crop 
Victoria 
Yennman 
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PLUMS 

In the Umtod States as well is m P mope the plum lint, long been 
recognized as one of the nio>,t delicious < f fruits and among the stone 
fruits it ranks next to the peach in conunen i vl produi tu n M iny < f 
the vaneties of plums now cultivated m the United Stubs ha\e been 
mtroduced from manv foreign coiintrus nnd when these me added to 
tho native vaiioties they give plums the Ingest number ind gieatest 
diversity of kinds and species among the stone fimts I ho fniits 
exhibit a wide range of sue, flavor toloi and texture The plants 
vary from small slirubs with drooping branches to trees of large si/i 
with large upright branches, and son e have gioat beauty as oinu 
mental plants (3 1 9 34) 

The commm P uropean plum Inown botamesUy as Prurtti tl 
mesiiea I appears to have originated somewlieio m soutlieastein 
Furope oi western Asia probably in the region arounel tlm ( i leasus 
ind the C aspian Sea Althougli it is called the Furopean plum De 
Candolle who summaiized tho histoiy of the so stene fiuits is xeiy 
doubtful whether P dome ttca is mdigenoHs to Luiope Aee iding 
to tho eailiest writings in whieh this plum is mentioned tho species 
d ites back some 2 000 yoars \nother 01 1 TV orld plum sjiecie s 
probably of Luropcan or Asiatic origm is the damson plum P 
L This spceies seems to antedate P dome^iu i as is sug 
gested by the flneling of damson plum pits m ancient ruins Iho 
ancient writm^eonnect the early cultivation of these plums with the 
region around Damascus 

It 18 not known ]ust when Fure pesn plums wore introouced into 
North Amenca but piobably pits were brought ovoi by the first 
colonists It IS reported tluit plums were planted by the I’dgrm s in 
Massachusetts and importations were maeie by tho Preneh into C an- 
ada These Furopean plums have done remuil ably well in the New 
World and today they constitute the most important group giown 
commere rally for canning and drymg 
The native American plums were doubtksb used for food by the 
Indians long before the w lute man bc t foot on the shores of this e onti 
nent Reports of early explorere mention the flndmg of plums growing 
m abuneionee According to the descriptions of the early settlers 
these plums were infene r to the domesticas of tho Old TV orld in q^uality 
so that the colonists soon begun iiuportmg varieties from Furope 
As a result European plums soon oecame predommant in home 
fruit gardens as well as commei ciol orchards m the northeaste i n Umtoel 
States 

Another important species of more reesent mtroduction into Isorth 
Amenca is the Japanese plum P sahevna Lmdl , which was domesti 
cated m Japan and was mtroduced mto the Unit^ States about 1870 
The Raw Matemal of the Plum Breeder 
Cultivated vaneties of at least 12 species of plums are to be found 
m Amencan orchards or growmg m the wild but most of the impeirt^t 
commercial vaneties are confined to 4 of these species A wealth of 
types, vaneties, and species is available for the fruit breeder 
The best known and most important of these groups are vanetiw 
of Prunus domestiea, the European plums and prunes Unfortunately 
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they are not well adapted to r^ons witl lot dry summers or dry cold 
wmters Thej are at home m the nortl eastern Umted States m 
sheltered sections along the Great Lakes and m the Intermountam 
and Pacific Coast Statra they are at their best as is evidenced by the 
extensive production of fresl fnut and dried prunes m this r^on 
The European plums 1 ave been nder domest cation longest and the 




F»l ell Types of frui n be group of P unju domes ico A Rene Claude a high 
qua] ty plum of he Green Cage group B B adahaw formerly an unportant variety 
n the Lombard group of reddish plums used for canning and dessert bnt be ng replaced 
by bet er var et es p^uoed as a result of hybr diaat on and breeding C D amond a 
bine plum of the Impera nee group The var et ea of th s group are of medium s ae 
da k blue n color with a heavy bloom 
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Claude Bradsha\^ and Golden Drop are used principally for canning 
and dessert plums 

The damsons {Pruj us irmhUa) of the Old World arc quite different 
from the domes ticas The tieos are more upright compact and 
dwarfish the le i\ es and flowers are smaller and the fruits are small, 
round and q ute tait so that they are especially suitable for pro 
serves and jams Vaneties of tins poup are hardy vigorous and 
productive and the tiecs mal e good stocks foi other species bemg 
adapted to a wide range of conditions and thriving even when they 
are neglected The Shropshire (fig 13) and French are important 



Figure 13 bhjropahire one of the most uipfirUnt vaneUee m the danieon group of 
Prwuu ifMitUia Thu amall blue plum like othen belimgiiig to thu group u used 
ptinctpally for preaervee 


blue damsons m this country while the yellow Mirabelles are popular 
m France The group as a whole has certam valuable quahties that 
appear to have been overlooked m breeding mvestigations 
The Japanese plums {Prunua salieina) are relatively new to North 
Amenoa, out m the short tune smee their mtroduction they have been 
widely planted and now rank second to the domesticas m commercial 
production The trees are more spreadmg m habit than the domesti- 
cas or damsons, and m leaf and fruit characters they are very different, 
resembling the native American plums The fruits are very attractive 
and are characterized by a yellow ground color overlaid by vanous 
shades of red In some varieties the flesh color is a struong red 
whereas fnut of ^e domesticas and damsons is green or yellow Some 
recent hybrids of the sahema group (fig 14) show distmct supenonty 
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Fiffire 14 — Plum hybnds A, Prunia wlicma hybnd vanety Apple Thi» red 
fleelied vanety illustrates the round shape of the vaneties of this species B Amenca 
a hybnd between P miMuoniana and P Johcwui C^Uybnd resulting from a cross of the 
purple leaved plum P cenui/era var puiardu with P whcuia vanety Abundance 
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in flavor and in commercial possibilities over the early importations 
Vaneties of tins group appear to be widely adapted m this country 
except m the very coldest climates Tt hdc the quahty is not equd 
to that of the best domesticas, the fresh frmt is dehcious m its blend 
of flavors The vaneties cross readdy with one another and with 
the native amencanas Among the first Japanese plums growm m 
this country, Kelsev, Burbank, Abundance, and Satsuma are typical 
The trees are hardy and productive, and they tolerate a vanety of 
soils as well as climatic conditions They blossom early, and the 
flowers are sometimes killed by late spnng frosts 

Among the plums native to North Amenca ate vaneties that are 
different m frmt and tree characters from the plums of Europe and 
the Onent Botanists have divided the native Amencan plums into 
a number of species and subspecies Many of them have numerous 
characteristics m common, so that the> overlap somewhat in present 
horticultural groups and classifications Prunv* amencana Marsh 
the moat important of the native species, has a wide range of adapta 
tion m this country, extending from Maine to Flonda, westward to 
Utah and northwestward into Mamtoba The tree is small, not as 
vigorous as the European, and it has rough, shaggy, ^ayish bark 
The fruit is red, reddish yellow, or reddish orange, of pleasant flavor 
and good quality but it has a thick tough skin, and the flesh clings 
to the pit De Soto and Weaver are among the typical cultivated 
vaneties of amencanas 

Other Amencan species of imnor importance from a commercial 
standpoint but of interest to the fiuit breodi i are the native vaneties 
of Prunus hortulana Bailey the Chickasaw plum, P angustyfdva 
Marsh , and the wild goose plums, P mumomana Wight and Hedr 
of the southeastern and south central Umted States, of which Wild 
Goose and Robinson are important vaneties (5, 83) 

Other species of plums ^wing in North Amenca are the Canada 
plum, Prunvs n%qra Ait i^ich is adapted to the north-central Umted 
States and Canada the small beach plum P mantima Marsh which 
^ws along the eastern seacoast and the western or Pacific plum 
P auheordata Benth which grows east of the Coast Range in southern 
Oregon and northern Cahfomia 

Finally mention should be made of the myrobalan plum {Prunus 
cerasijera Ehrh ) a native of i urope and the Simon or apncot plum, 
P simorm Carr a native of Chma The myrobalan plum has been 
used a great deal m this country as a rootstock Vaneties of P eera- 
n/era and P mmorni are noted for their ornamental foliage 

This great collection of vaneties and species affords an excellent 
opportumty not only for studying genetic relationships but for the 
development of new vaneties by breeding The study of the m- 
hentance of characters m plums has, however, not been very exten- 
sive This may be due m part to the fact ^at many vaneties of 
plums are self -unfruitful, that is they do not set frmt with their own 
pollen This presents a problem to the frmt mxiwer as well as to the 
plum breeder It is, of course, impiwsible to obtam an mbred progeny 
to study the inhentance of characters if the blossoms cannot be swed 
Fortunately for both the breeder and the frmt grower, frmts can be 
obtamed by cross-pollmation and not all vaneties are self-unfruitful 
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Objictives in Pium l{Hiii)i\r 

It 18 a well recognized fact that plum culture in Noith Vinene j has 
gradually been declining during the list 20 v( ns Jlu kusou foi 
this 13 the failuie to keep pace with the tlemnnd loi tnuts of In li 
quality Varieties that weie satisfaetoiy 25 to 50 v< ns ago in iiiosi 
cases do not appeal to peisons who hue i tiste loi iiiiits of iivli 
quahty However many vani tiis ne still pii/id m tin home luUn 
even though they are not prohtable to the Ini^c iiu diu eis 

An important objectnc of any plum bidding pi i^rain should he 
the pioduction of \aneties of highei quality uhjitid to the \aiious 
fiuit legions of the eountiy None ol tl i donieslu i jilimis ol hi h 
quality can bo giown sitisfadoiily south ol \n^imi oi in tin \ ist 
regions of the southwistein and south nuti il I i iteil Slatts Natiii 
VmeiK in species grow in this pait ol the coiiiiliy hut lliiii id ipt i 
bility must be combimd with the liiglui qiiilily ot otliii xaiutiis 
and sptcies Worl has been staiteil in this Inutioii hut it las nut 
with failure because domestH 1 nul nmiii n i vaiutiis haye dilliHiit 
chromosome numbeis lud so fai ciossis Ixtwiin tluni hn\( not 
yielded viable seeillmgs 

Furthei study is also needid ui tlw dim turn of ntifiiiallv nu ti isiiig 
desirable mutations in plums In a fi w ii st nues disiral h bud spoits 
hxvo been discoverotl and cauful stiiih should be made to huati 
others 

In addition to high quality (onsideiatioii must hi {,iv(ii to vigoi 
haidmess and productueness Miuh Ins bmi mioniphslud in 
developing and selecting wintn hardy viiutus toi the (neat Plains 
region famular work is needed to develop v unties adaptid to n 
gions with hot dry summeis 

Genetic and cytological studies aie oJ hist imjioitime in initiating 
a plum breeding program Vmoii„ the sell (omp itibh Miiutus 
there is a wealth of valuable matenal that c in In iisid is loundation 
breeding stock Even before methods in developed fot me leasing 
fruitfulness in crosses between speeies then is oppoitumty lor ic 
search on the material withm many ol the plum spteics p,iownig in 
this country jjkeeding Mi iiiems 

The methods of breedmg that have been desenbed for the jieach 
apply equally well to the plum The biioelei is conironted with the 
same problem of protectmg the emaseiilateel flowers in order to lessen 
damage to the putils mth varieties known to be completely sell 
incompatible emasculation is of coiiisc iiniie cessaiy and time can 
be saved by omitting tins operation 

The problem of seed gormmation and the pniduction of new seeel 
lings likewise ejonfronts the plum breedoi Ihe seeds from many 
crosses prove nonviable and methods neeel to be worked out whereby 
a greater percentage of seeds can be made to grow 

Work of Private Breiui-hs 

The first work on plum improvement m this country consisted of 
attempts to obtain better strains of the native American plums by 
domesticating seedlings and selecting those most promising for si/e, 
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flavor, and productiveness The most extensive work m this direction 
seems to Imve been started by H A Tony, of Crescent, Iowa 
From about 1860 until the time of lut. death m 1909 he had origi- 
nated over 50 varieties from native species While there is litue 
information available as to tho breeilmg methods or parents used, 
it 18 certain that he produced more new \ aneties than any private 
breeder since hia tune borne of tho more important vaneties intro- 
duced by him are Gold, Hawkeye, Hammer, Downing, Crescent, and 
Terry 

Work on the breeding of plums was begun by C G Patten, a 
pnvate breeder and a contemporary of Terry m the same State, at 
Charles City, Iowa, in 1867 lie w as impressed by the groat numb< 
of native plums found growing in the wild, became mteiested in 
domesticating some of these, and selected the best for the prame and 
upper Mississippi Valley regions Hardiness or abihty to withstand 
cold winters was a factoi to be consideied in tho selection of vaneties 
for that region Ho worked with the Amencan species One of his 
beat selections was tested by the Iowa Agncultural Experiment 
Station and was introduced as the Patten plum 

Bi^inmng about 1S70, J W Kerr, of Denton, Md , began the study 
and tostmg of a large number of vaneties of plums He likewise was 
mterosted m dev eloping new vaneties fiom native plums Among the 
vaneties introduced by him are Choptank, Sophie, and Maryland 

In California, Lutner Burbank began his plum-breedmg woik 
about 1880, at Santa Rosa He introduced and produced many 
desirable types Among the inmortant vaneties be developed from 
seed imported from Japan are Burbank, Abundance, and Satsuma 
Ho was partu ularly interested m the Japanese types and did much to 
populan/e tho vaneties of this species, m Cahfonua, and to lay the 
foundations for their later testmg and use as unpoitant commercial 
vaneties m that State He likewise made a number of crosses between 
Frunus saheim and other species, producing Climax, Bartlett, and 
Wickson from P sahevm X nmomi, and America (hg 14) and Golden 
from P munionvi'm X sal%cina Other vaneties mtroduced that have 
been grown commercially m California are Giant, Splendor, Standard, 
Santa Rosa, Formosa, and Gaviota 

Hednck and associates {19, p 170 171) make the foUowang com- 
ment on Burbank’s work 

One cannot bnefly catidog the new fonns of plants that have gone forth from 
his pnvate place in California, th^ must number well into the hundreds, his 
biographer, in 1905, said that Mr Burbank has worked with over two thousand 
five hundred distinct species (Harwood, W S , New Creations in Plant Life I 
1006) Among these have been practically all of the species of plums now under 
cultivation, from which have been obtained, according to Mr Burbank, hundreds 
of thousands of plum seedlmgs of which the breeder has selected a score or more 
of very dutinct sorts, all mtmesting and a few of them very valuable The many- 
other fruits, flowers and forage luants winch Mr Burbank has sent ouk each 
involving the handling of countless seedlmgs, cannot be mentioned here Nor can 
his methods and results be discussed, except to say that in them he is a unioue 
figure m plant-breedmg and that they have been such that he has exercisea a 
powerful Influence toward the improvement of plants The practical results of 
Mr Burbank’s work have been as mreat or grater than those secured by any 
other person in plant-breeding, yet they have been magnified out of all bounds in 
the popular press and his work has been caricatured by oallmg the man a wuard 
and asonbing to him occult knowledge Of the plants mtroduced by Mr Burbank 
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the proportion of really vahiable commercial ones seems now to be small 
but what he has done cannot be measured b> nioiiev values; he has awakened 
universal interest m plant-brcediiiR; has demonstrated that t limits unheard of 
before his time can bo done with plants; and, all in all, Ins contiibiitions in new 
forms of plants to horticulture and aKrienlture, in their intnnsie and eihicutional 
value, make him the master \\orker of the tunes in iniprovinR plants « 


Millard W. Sharp, of Vacaville, Calif , in more recent years has 
produced and introduced several plum vnnelios The lu'etlioil he 
used was to top-work many varieties into a smgtle tree, allow fri'e 
crossing, plant tho seeil, and make intensive selection of the resiillmi' 
seedlings. Of the varieties ho mtroihieed, Sharky and lleeky Smith 
have attained eonunereial importance 

Plum-breeding work has also been undertaken by Mbert K Ktter 
and August Etter at Ettersburg, (’alii. In leeent yeais they linve 
used as parents for hybrids Wild (Joo,se, Marianna, (Joldim Drop, 
Agen (French prune), Japanese varieties, and Sierra, a peculiar doines- 
tica type that grows wild in Trinity (’oimty, (’nlif ; two wild native 
plums from Mongolia, and the native plums of Kaiisiis In all, tins 
meludes about a dozen species. The outstanding ability to produce 
new fonns shown by the Sierra, the Kansas, and the Trinity plums is 
of particular interest The Sierra hybiids exhibit wide vanalioiis m 
tree and triut oliarueters These are under tost at the ])resont lime, 
but no varieties have been introduced. 

Harlan Roekhill, of Conrad, Iowa, has been engaged in fniit breed- 
ing since 1895 Among his recent selections are some promising plum 
hybrids from crosses of Wancta X Apex, Waucta X Moorpark, No 
10 X P. I. 78519, Wiineta dwarf bccdling X Apex X P I 78r)]9 
The last-inentioncd cross is reported to he jiarliciiJarlv hardy in wood 
and bud, having withstood temperatures of —20° lo — :i()° F during 
the winter of 1935-36. Tiiis variety ami olheis me lieiiig tesled 
further. 

Plum UnKbumc 4 t State ani> Fiihhvi. Sivmons 


Smith Diikula 


Work was undertaken at the South Dakota Agriciiltiiial Ex|)eriment 
Station in 1895 by Hansen (/J) in an attemjit lo select American vari- 
eties of plum that would be satisfactory for tlic (treat Plains region 
Up to 1937 fully 10,000 native plum seedlings of P/i/«mv amcMCffart had 
been grown in an endeavor to find native seedlings better in size and 
quality than those already grown Wastesa, Yiiteca, Zekiiiita, Huya, 
and Topa were selected and named. Yutecn is large; Wastesa is out- 
standing for size and quality Hansen attempted to iiitrodiico 
quality mto the native plums by crossing thcsi* into a nunihcr of other 
species such as peach, cherry, and apricot, ns well us with other vnrio- 
ti^ of plum. The following is a list of crosses made, together with 
notes on the progeny: 


Prunua beaseyt Bailey (Bessey cnerry or wesUTii sann cherry) X apricot 
plum P. timortH Carr Not hardy, fruits spaniiKly One \ aricty only named but 
the trees have since been discard^ , , , , . , , . 

P bftseyx X Japanese plum (P aahcxna Liiidl ) Progi-ny hiKlily fertde, hardy, 
widely cultivated Among varieties named arc 0|)nta, 

P betaeyx X native plum (P atnerxraHa Marsh ) Two varieties 
Sansoto and Cheresoto, which arc highly fertile 


Two varieties named. 


• BuTbank’t achitvemsiits snd limitatioiui have «Iso been lummed up tnlicsily by JuDen (U) 
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P beiseyx X Apricot (P. armenuica L ) Progeny very shy bearers. 

P btaaeyi X p^ch (P persiea). Flowers of hybrid (Kamdesa) were sterile. 

P. americana X st*nontt. Three varieties named, Toka, Hanska, and Kaga, 
which are strong pollinators for other varieties The fruit is fragrant, flesh firm, 
and of excellent quality. 

P. stmonti X amenearta. This cross produced Tokata the fruit is large and of 
excellent flavor. The seedlings of this cross require cross-pollination 

P. aaltema X americana. The progeny of this cross is highly fertile. Five 
varieties have been introduced and widely cultivated — Waiieta, Kabinta, Tawena, 
Os^a, Tecumseh 

P. americana X safvetno, the reciprocal of the former species cross, has yielded 
many choice hybrids which are self-fertile and interfertile 

Canad^lum (P. ntgra Ait ) X P aaltetna This combination has yielded the 
varieties Cree and Pembina 

P. aalictna X niara has given the variety Ojibwa 

From Canada plum, Prunua ntgra, pure selections have lieeii made and intro- 
duced as Assimboin and Winnipeg 

Since 189.5 selections have been made from over a million seedlings of Prunua 
heaaei/t. The thirteenth generation has now fruited 

New York 

At the New York (State) Agricultural Experiment Station, Geneva, 
plum breeding was started ns early as 1893, when a few open-polUnated 
seedlings were grown. Under test the seedlings proved to be of no 
commercial value. From 1908, when tho first crosses were made at 
the New York station, up to the present time, 78 varieties, 6 seedlings, 
and 7 United States Department of Agriculture introductions have 
been used in breeding work, and 646 crosses, 16 seifs, and 26 open 
pollinations have been made. Only 519 seedling bavo been planted 
m tho orchard The set of seed has not been high, and there were 
serious losses between the time of harvesting the seed and planting. 
Considerable difficulty has sometimes been e.xperienced in getting the 
seeds to grow A few Japanese plums {Prunua aalidna) have given 
seedlings, but no seedlings have been obtained from the early-maturing 
European or domcstica group 

It has been the experience in the plum-breeding work at Geneva 
that it is difficult to obtain large quantities of seed from hand- 
poUinated trees. The flowering season is usually brief and there is 
often a high mortality of blossoms. It has been suggested that the 
use of tents and bees for pollination would be the economical method 
for securing large numbere. ^ The comparatively few seedlings that 
have fruited indicate that it is not difficult to make rapid progress in 
plum improvement The large-fruited, attractive, poor-quality 
Grand Duke has given promising new varieties when crossed with 
high-quality Golden Drop and Agen. Imperial Epineuse and Pearl 
have also imparted good quality to a hign degree in crosses. The 
varieties that have been used most extensively and the number of 
times they have been used are: Abundance 23, Agen 23, Albion 8, 
Archduke 8, Beauty 17, Burbank 67, Clyman 11, Formosa 1^ Golden 
Drop 8, Grand Duke 23, Hall 12, Imperial Epineuse 30, Jefferson 8, 
Miller Superb 10, Oullins 22, Reine Claude 19, Rivers Early 12, 
Sants Rosa 16, Shiro 10, Stanley 16, Tragedy 8, and Yellow Egsj 28. 
A list of plum varieties introduced by the New York station is given 
in table 4. 
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Table 4..— Plum varietie* introduced by the New York {State) Agricultural 
Experiment Station 


Variety Introduced 


Uhen 

crobsed 

duoed I 

Purpose 

Albion 

Amarioan Mlmbellc . 

Oolden Drop X Orand Duke 
Imperial Eplaeua. X Mua 

19n 


Ver\ late waaon 

Home and roadside market 

Hall . . 

Stanley 

QoldanDropX Orand Duke 
Agcn X Orand Duke 

iSu 


Do 

rommernal market 


The opinion is expressed by Richard Wellington that by intercrossing 
hybrids such as HaU, Albion, and Stanley, and by crossing them on 
high-qii nlity plums such as Imperial Epmouse, varieties of better quality 
should be obtained. A large number of vaneties and species of plums 
are ^wn on the grounds of the New York station as basic material 
for the production of better varieties. 


California 

The California Agricultural Experiment Station at Davis has ^own 
a large number of varieties of plums on the station grounds. These 
have been used in studies on pollination and variety behavior under 
California conditions. Because of the demand for improveil varieties 
of plums, breeding work was started in 1934. Poor germination of 
plum seeds has been an important factor in slowing down the produc- 
tion of seedlings. All the species of plums grown in North America, 
together with some miscellaneous species, ere being utilized. A com- 
plete list is given in the appendix. Genetic and cytological work on 
mterspecilic crosses is under way. 


At the Iowa Agricultural Experiment Station a large number of 
plum crosses have been made, using Prunm amencana, 1 . xaliam, 
P. dometstica, and P. marHiim, ako P armenuica. Interspecific 
hybrids between P. americam and P. sahcina are grown, an'i 180 
trees resulting from crosses between species and vaneties are now being 
grown in the nursery at Ames. These crosses were made 
period 1931-33. Varieties used as pollen parents and the number of 
Smes they were used are: Miot 6, Hennepin 4, ^pex 2. JHomtor^ 
Sapa 6, Waneta 6, and Anthony, Zumbra. Red Wing, 
eaSi 1. Crosses between the plum and the 

anricots have been made. Greenhouse trees are being utilized m the 

b?Si work S pAintw, and many hundreds of nonfrmting cr^ 

nS^a abovThave been m^e on them 

that prove to be fertile will be preserved for 

trees ^ brought into the greenhouse about January 10 and are ready 

for crossing about 3 or 4 weeks later. 

Minnesota 

Plum-b««lmg work at «>o 



714 


YEARBOOK, 1937 


Dartt at Owatoniia Tree Station, a branch station of the University. 
This work consisted of selection of open-polhnuted seed from superior 
native varieties More extensive and ^stematic work began in 1907 
with the establishment of the present University of Minnesota Fruit 
Breeding Farm Up to the present 20 vaneties have been introduced — 
Anoka, Elliot, Ember, Golden Rod, Hennepin, La Crescent, Mendota, 
Monitor, Mound, Newport, NicoUet, Radisson, Red Wing, St Anthony, 
Superior, Tonka, Underwood, Wnconia, Winona, and Zunibra. They 
are of special interest for the upper Mississippi River Valley area 
because of their winter hardiness, but are worthy of toting in other 
sections also, and they should provide material for additional studies. 
Detailed descriptions of these varieties, their parentage, and the dates 
of introduction are given in the appendix, which also includes a list 
of the varieties now being used m further breeding studies 

A considerable amount of breeding material is available involv- 
ing various species of native and foreign plums and other closely 
related species of stone fruits. Since winter hardiness is n primary 
requisite, aU breeding materiid is subjected to severe field tests to 
determine its resistance to cold. 

Federal Field Stations 

A number of varieties and specific crossra of plum have been made in 
cooperative investigations by the Bureau of Plant Industry, United 
States Department of Agriculture, and Ijeland Stanford .Tumor 
University at Palo Alto, Calif. The following varieties and species 
have been used os seed parents: Agen, Anita X Sugar, Becky Smith, 
Burbank, Clyinan, Duarte, Fremonti, Giant, Golden Drop, imperial 
Epincuso, Improved French, Methley, Pond, Se^eant, Tragedy, 
Wickson, and Prunus bokhanenn<i Royle. In addition the following 
varieties have been used as pollen parents; Sugar, Gaviota, Fomiosa, 
Santa Rosa, Beauty, Satsuma, Standard, and Tunis. Two promising 
hybrids, Methley X Wickson and Wickson X Santa Rosa, nave been 
selected. The latter variety is a delicious plum, representing a partic- 
ularly fine blend of flavors and ripening just after Santa Rosa. The 
tree is productive and in preliminary tests seems to be well adapted to 
California conditions. A complete list of plum hybrids produced is 
given in the appendix to this section 

At the Northern Great Plains Field Station, Mandan, N. Dak., 
more breeding work has been done with plums than with any other 
fruit except apples. Thousands of seedlmgs have been grown from 
the native wild plum and cultivated varieties. A great deal of varia- 
tion is to be found within the Prunus americana species, and over 50 
selections were made, some of which were propagated for a more 
thorough test. A few of these are ready for more e.xtensive testing in 
the northern Great Plains area. Of late years a lai^e number of 
Japanese hybrid seedlings have been grown. Hybridizing work has 
been in progress, using hardy P. americana and P. nigra varieties, 
these bemg crossed with Japanese varieties, domestica varieties, 
P. simonii, P. tomenlosa Thunb., apricots, and cherries, and with 
such hybrid plum varieties as Waneta, Underwood, and Sapa. Some 
of the progenies are now bearing fruit, and a few selections have 
been made. 
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PiUM Bklidiing in C4N\DV 

Plum breeding at the Horticultmnl h \pcument Stition Vineland 
Canada, was started m 1913 hrom 1911 to l‘)l > 4 MOsudlm^ wtie 
grown Seeds were planted from >7 open {M)llinntions qnd r) Tiossts 
Out of this number 16 had hoiticultuiul \ulue Duimg the peiiod 
1931 to 1933, 860 seedlmgs \^eie grown fiom < lossc s m \\ hu h Imponal 
Epmeuse was used ns the female parent and (naud Dull foe 
Follenberg and President have been used as pollen pnuntt. The 
object of the cioss was to produce a high quahty blue plum foi the 
export trade 

GrNtllC AND CvTOLOGICAI StUDIFs OI IHF PlUIU ^ 


Experiments with plums were begun ittlu lohn Innts lloiticultuial 
Institution in England by W J Bad house and ( i iiu (S) m 191 1 to 
mvestigate the genetic composition of plum tuts bv nismg solfcd 
offspring The characters studied woie (1) haitituss ot shoots 
loaf petioles, and fiuits (2) sniootliness of burl and si/i and 
shape of leaves, (3) habit of giowth of tret and (4) barl and frmt 
color 

All the vaneties of plums studied with hairy wood surfuct proved 
to be heterozygous foi that character Serrate leaf charat ti r piovtd 
to be homozygous in tin Pershoie vanity and crtnatc lent margin 
homozygous in the C/ar family flie irregular margin npptarcd to be 
heterozygous in varieties possessing this iliniactei 

Flesh color varied \ancties in which yellow was the jntdonunat- 
mg flesh coloi haie when selfcd givtn seeillings with a green and a 
wholly yellow flesh 

As to fruit 81 /e and shape many of the difterencts wire retogni/ed 
as doubtless quantitative The oblate fiuit of P ailv transparent foi 
example, and the pyiiform fruit of the Pershore vaiiety piovtd to bo 
homozygous for these forms With some sdfed families, length and 
shape varied in the progeny 

Wellmgton {32) has earned on extensive m\ cstigations at the Niw 
York (State) Agncultural Expenment Station in bn tdmg and gentUc 
studies with a number of plum vanetus and species lie found the 
oval fruit shape of Pranus domestica dominant to oblate Tluck bloom 
on the surface of the fruit is dommant to thin bloom Yellow color is 
lecesaive to red punile, anti black The fretstone tharacter is leces 
sive to elmgstone Many vaneties are heterozygous foi the fieestone 
character, freestones bemg obtained from the cling and stnncling 


parents 

Some vaneties of our domestica plums set frmt '^t'h their own 
pollen, o^ers are partially self-mcompatible while a tlurd group ^ 
entirely with their own pollen Instititia vaneties grown in this 
countiy are self-fruitful Nearly all of the vaneties of the Japanese 
group are self-stenle ^ 

Tufts has found the following important vaneties of domestica 
plums to be self-unfruitful in Cahforma Clyman Tragedy, Impenal 
Epmeuse, President, Standard, ,Sergeant Washington ^ffe^m 
Quacken^, Diamond, and Sdver Self-fruitful vaneties were 


others prolMlonBlIy Intenstad In tenetla or breedlnC 


* Tha ieotum to wntten primarUy te ituaeiita and I 
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Agen Giant Pond (partially), Grand l)ul e (paitially) Cnlifornin 
Blue Yellow Egg and Sugai 

The following Japanese and hybrid plums wti( sdf unfruitful in 
Cahfoinia Abundance Buibaiik Duaite FI Dorado I oimosa 
Gaviota Kelsey Five Satsuma Sultan Upiight and Wiel son 
Motldey Climax Beauty and Snita Rosa sie partnlJy self fertile 
J ormosa and Gxviota were slso found to be inteiunfiuitful The 
Tragedy plum will fertili/e several Japanese vanetios but is not ftr 
tdized by them 

Crane and Lawience (10) obseived that oeitiin of the doTnestua 
plumb were completely self ind cross incompatible wlule otheis 
such as Piesidciit and late Oiange were rocipiocully mcompitiblc 
but set fruit when pollinated with Grien Ciage (piobobly Home 
Claude) h irly Rivers when ])ollinated by Blue Rock, set a full 
crop while in the nciprocil cross only a few fiuits set Vaiieties 
such as Golden Diop Coe VioUt uul Itflcrson wtic found to be 
completely self and cioss mcompatiblo (9) 

Incompanhduy Due to Gtn&u. Make up 

1 \peiiinents by a number of investigators 1 ist (li) I ehminn 
(S4) «iitl ( tlicis hue shown that stiiilityis detenmntd by giies 
just as aie nioiphological charai tois East di signated these genes A 
and they foiin a multiple illelomorphic senes S S S 3 etc As in 
tho case of otlui allclonioi phs any two may bo ciiiud by a given 
plant While tlus conetpt ib bobed on the results of studies with 
mcotiana it fits mto tho obseivations made on stone fruits xnd 
explams incompatibihty in plums and chemes Tho essential featui cs 
of tho genetic behavior of mcompatibility is that pollen eannot func 
tion m the style of a plant cairying the same incompatibility factors 
as the pollen Self pollinations or cross pollinations among indi 
viduals cairying the same steiility genes fail because eithei tin 
pollen tubis grow so slowly that m normal cases they are unable to 
roach the ovules in time to effect fertiliyation 01 the growth of the 
pollen tube is inhibited m thestyhii tissue Consequently gioups of 
individuals occur witlun which all cross and sc If pollination foils to 
effect fertilization Thus, mdividuals of tho constitution 9i Sa 
cannot be fertihzed by Sj or S 3 pollen If however such individuals 
are crossed by As A 4 both the S, and S^ pollen can penetrate the 
style of the mother and effect fertilization It will bo seen that the 
offspring from such a cross, allowing all combmations possible will 
constitute four mtrastonle, mterfertile groups of the composition 
S, Sa, Sa Sa, Sa Sa 6, S4 

With certain of our plum varieties of either the Japanese or tho 
domestica species, self unfruitfuluess occurs when those varieties 
carry a gene for mcompatibility Likewise, vaiieties would bo cross 
imfnutfm if both parents carried the same genes for mcompatibihty 

Chromosome Numbers in the Phuns 

In the genus Prunua the basic chromosome number is 8 All the 
varieties exammed among the myrobalan plums (P cerasrfera) 
American plums (P amencana), and Japanese plums (P aalxcina) 
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show the diploid number (2n) to be 16 Other species, notably the 
sloe (P swnosd L ), have the tetraploid number or 32 chioinobomos 
and a stm mater number (48) is found in the important groups ol 
European plums (P domeslxca) and the damsons (P insitiUa) 

Hybrids of Prunus d/tmeshea (48) X P ceraMjera (16), and P 
xnsntdw. (48) X P spinosa (32) have the mtormediato chromobomo 
numbers, 32 and 40, respectively 

According to Crane and Lawrence (JO), the hybnds that they hai( 
obtamed between Prunus domeftxca and P 'tn'ulUia both hi \uploid, 
have always been completely mtorfcrtile but from ciossis between 
diploid and polyploid, and different polyploid forms sin li as P 
domestxca X P cerasifera and P lasittlto X P '^pinosa fiints witli 
viable seeds are rarely produced Crosses botivien dninsons iiiul 
other varieties of P xnstliiia and P d<me’*tica when nth mpti d liavc 
always set frmt and developed good seeds freely Wellington lias 
also made many interspecific crosses Crosses have been madi 
successfully between P domestxca and P insiiit a With a huge 
number of other interspecific crosses howevei involving P doinrstica 
X P armenwLca and its reciprocal P dome t ra X P torientisa, and 
P domestxca X P amerxeana few fruits were obtaiiud or the seeds 
faded to grow Insofar as is known tnploid vaiieties of Pi anus aio 
found only as oniamentals their degree of stculity bung too high to 
enable them to bo grown for their fiuits 


Appendix (Plu>i) 

Tablb 5 — Loeationx of / lum breeding uvrk and n mi f luuk 1 1 1 1 it I Slat i 
and other lountnes 
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Tabi f 6 — f arieties lued in plum breeding at the UmeenUy of Minnesota 


Aicinlboin 0| on 
Aislnibi in X ‘’un n« 
RociprociiJ orr so 


Borbank X Oldor 
Ucriprocal < ro's 
Burbank Open 
Burbank X n • a ret 
Koeiprocal tros^ 
Burbank X Red V, ink 
Reciprocal cros 
Burbank X aind iherr> 
Reoiprocilrrt 

Burbank (>and cherry x < b 
Reapronil cross 
Burb^ X s 1.) ik N 2 
Kectproi il cr i s 
Burbank X hurt rise 
Reciprocal iross 
Burbank XWakii a 
Reilproca] cro 
Burbank X W olf 
Reciprocal cros 
(Burbank X Wolf) open 
( ompai<s X Burbank 
C ompass X C limas 
fomp 188 X Fomir i 
Tarly Re 1 X P « nericat i 
rUiot X Mendol i 
F merald X Assinihnin 
F meral I X 1 onka 
Rmerild X (Wyant X Hold 
Ueciproed cross 
Omaha X Burbank 
Omaha X Santa Rosa 
Omaha X Winnipeg 


hybrid 

R^Win 


Red Wing X Kaga 
Reciprocal cross 
Sand cherry X Cllmas 
(band cherry X Climax) X sai i 
(band cherry X Cliniai) X Toiik » 
Reciprocal cross 
Sand cherry X Formosa 
Sape X Surprise 
Satauma X Compass 
Reciprocal cross 
Shiro X P ameneana 
bhiro X S Dak No 33 
Redraooal cross 
Shuo X Winnipeg 
Reciprocal cross 
8 Dak No 37 X Monarch 
S Dak No 37 X October Purple 

8 Dak Go'w'x^ta Rosa 
Stella open 
Tonka X Asamboin 
Tonka X Rod Wing 


Wakapa X Fust 
Wakapa X P ctranfirtt ptitardii 
Wakapa X Wlckson 
Reciprocal cross 
Wakapa X Wyant 
Wmnlpegf open 


lings ol 
horti 
cultural 


flood 

Oool 

Oool 

Oood 
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Tabie 7 Plunt introductiani of the Mmni'Mta igntuhurtd I xi>enmetit Station — Con. 



' ()i)on iM lien I irent IS / rtini/i l< fni r ilolril <( lliis s|M>iies 

P/um Hybrids Produced and Under Ten m Jireedtng Iinestigations of 
United Stale’s Department of Ifficullure and Iceland Stanford 
Junior UnuersUy at Palo 4lto, Calif. 

1021 Agon X \nita 

1031 (Agtu X Anita 18 31) X IiuiHrial 1 pineuse 
1020 Agtn X (Coo X Sugai) 

1022 Agon X Standard 

l‘)20 Agon X Sugar 

1031 (Agon X Sugar lS-12) X Imperial 1 pincusi 

1020 tnita X Sugar 

1031-32 (Anita X Sugar) X Igtn 

1934 Bookv Smith X Tunis 

1020 /*! unii# bohhanenns X Mcthlcs 

1921 P bokhanenstt X Sugar 

1920 P bokhartensta X Wukbon 

1934 Burbank X Formosa 

1932 Burbank X (P fiemonlt X reiavfera /nirardti 11-3 *) 

1933 Burbank 2010 X Gaviota 

1932 Burbank X Satsuma 

1932 Clyinan 12010 X (Anita X Sugar 13-45) 

1934 Duarte X Santa Roaa 

1933 IP fremonti X ceraaxfera pisawdtt 11 31) X P hokhaixensts X Methley 

6—6) 

1924-26 Giant X Imperial Epineuse 
1910 Golden Drop (Coe) X Sugar 

1931 (Ckilden Drop (Coe) X Sugar) X Imperial Epineuac 

1926 Imperial Epmeuse X Improved Fremh 

1924-26 Imperial Epmeuse X Tragedy or Agon 

1926 Improved French X Tragedy 

1920 Methley X Witkson 

1036 (Methley X Wickson 11-66) X Beauty 

1932-33 (Methley X Wiokson 11-64) X Satsuma 

• The hyphenated numhen toUimtng certain vsnetal names letor to row and tree locations 
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1933 (Methloy X WickBon 11 67) X (16nkgoii X Santa Rosa l'>-23) 

1921 Pond X Agen 

1926 Sergeant X Improved l*remh 

1926 Tia^> X CUman 

1921 Wwkson X P bokhanensta 

1933 Wickgon 7-24 X (P bokhanentia Mctlikx (» I) 

1921 Wickson X Santa Rosa 

1936 Wickson X (Wickson X P btUa let t si > 21) 

Plum MeOenal at the California A^nultural Expenmmt Station, 
tkivis, Calif * 


Prunus domethca 
Admiral 
Agen (I<ren(h) 
Altharm 
Anita 
Archduke 
Arctic 

Austrian Prune 
Autumn Compotc 
Bavay 
Bird Prune 
Bittcni 
Black Irendi 
Black Pnnee 
Blue Rock 
Boddaert 
Bradshais 
Bndge 
Bulgarian 
Burton Prune 
Calilomia Blue 
California Red 
Gallas 
Champii 

Champion (' 

Clairao Mammoth 

Clyman 

Coates 1401 

( oates 1403 

Coates 1414 

Coates 1418 

Columbia 

Communis 

Crimson Drop 

Curlew 

C*ar 

De Caisne 

De Montfort 

Denbigh 

Diamond 

Diana 

Dosch 

Double X French 

Du&ne 

Duchess 

Dulce 

Dunlap 


Prunua don eat i tin 
harliaiia 
EarU FasoriU 
Earh (loldiii Diip 
1 arlv Ro\ al 
larU Iragcds 
Emil ( 

1 mpin 
lemon/i 
Iield 
Horn ( 

1 rank III 
tiemian Pr ii e 
(iiant 
Gill 

Golden Drop 

Golden Prui c 

Golden Iraiisparcnt 

Goliath 

Grand Duke 

Green Gage 

Gueii 

Hall 

Hand 

Hector 

Heron 

Honori 

Rulings 

Hungarian 

Ickwortli 

Imperial 

Impe rial Gage 

Italian Prune 

Jefferson 

June timt its Prune 

Jum loiirth 

Kaiser 

Kimball 

Kirke 

Large English 
lAto Orange 
Late Orleans 
Late Irageds 
Leighton Italian 
Liberty Prune 
I incoln 


/"r mi/s iln ealica — Con 
I ombnrd 
I ong (rieiii 
I ong Stem 
Los Ingiks 
Liii oml 0 
Mallard 
Margaret 
Mil aiighlin 
Midillel urg 
Milk r Super! 

Missouri Grteii Gage 

Monarch 

Monk 

Mount Ro\ al 
Mover 
Naiia 
Newark 

Ntw Oilgon Pr in 
Oiillins 
Pacific 
Palatine 

Papagoi t Prune (P I 
40498 
Pcath 
Pearl 
Piteis 
Poll 1 
President 
Pnmatc 
Prinlow 
Purple Gage 
Quackenboss 
Rayburn 

Reuter EarU Italian 
St George 
St Jean 
St Martin 
Sannois 
Sergeant 
Shariie Imperial 
Shipix r 
Silver Piune 
Smith Orleans 
Smith Late 
Splendor 


atainB ■ oon>ld«»ble ui H w ractlcal to to attempt 


722 


YEARBOOK, 1937 


Prunut doneslxca — Con 
Standard 
Stanley 

Stark Green Cage 

Steward Prune 

Stmt 

Stuart 

Sugar 

Super Prime 

Swan 

Sweetest 

Tardeva Ii Muleta 

Tatge 

Tennant 

Tragedy 

Iruo Blue 

Tulare 

1 urkiah Prune (s\ non> m 
of Italian Pruui ) 
$2000 Pnine 
Untie Ben 
Ungarish 
Victoria 
Voronesh 
Wales 

Wanlungloii 
Wilhelmiiia 
Williaiiisi II 1 1 aged) 
Yakima 
Yellow 1 gg 
Yellow Gage 
Yellow Impel lal 
York State Prune 
/uchernadd Vesuiia 
Prun u salieina 
Abundance 
Alpha 
Amador 
Apex 
Beauty 
Beck) Smith 
Best s IGhrid 
Blood Plum 
Blue Gown 
Botan 
Burbank 
Burton 
Chabot 
Clarice 
Collie 
Del Norte 
Earliest of All 
Engre 

Extra Early Satauma 

Florida 

Georgeson 

Hale 

IXL 

Kelsey 

McRea 

Miss Edith 


Pr intis Bohcttux — Gon 
Occident 
Octobtr 
Ogon 
Pasha 

Purple 1 ksh 
Raisin 
Rid liinc 
Sat hi 111 
Santa R si 
San Fiaiicisto 
Satsiima 
SchattLiil iirg 
Shcrkei 
Strang 

Tril bit, Farh B i itv 

I latis 

Vallcda 

Wiltar 1 

tVilson 

Wright lari) (.P I 
43180) 

Wright Purplt (P I 
41181) 

/V t IS ameneai i 
Admiral Schley 
Adianee 
Desoto 

Golden Queen 

Haw key e 

Klondike 

Muncy 

Vow I Im 

Quaker 

SkiDii 

Stoddard 

We Ivor 

Wolf 

Wood 

Wyant 

Pru7i u amencana \ ar 
molhsTorr aud(ira) 
Gloria 
lerrv 

Pr mus mqra 
Aitken 
Chenc) 

Eureka 

Plumeois (so folk i) 
Francis I 

Poo Royal Cot Plum 

Rutland 

Sharpe 

Smith 

Sparks 

Stanford 

Triumph 

Velvet 

Prunvs tnstMta 
Big Mackey 
California Wild 


Pr inns tn ilUto — Con 
Crittenden 
Damson Free 
Damson Majestic 
Irenth damson 
Frogmore 
Emg damson 
Merr) weathers 
St Iiilieii 
Shropshire 
W hitc damson 

Pr inti) TO insontai a. 
Clifford 
Dow mug 
Larlv June 
P roestone Goose 
Te)\ell 
Late Got m 
M onthaha 
Nt\)man 
Oxheart 
Poole Pride 
Pottaw attorn K 
W il Igoosi Impro) cd 

\ahve plan 
Zekaiita 

Pr in u I art ilar a 
Forest ( ardt ii 
Golden Beauty 
Minco 
Robiiist n 
Surprise 
Wa)laiii 

Prun IS h r1 ilana )ar mt 
nm Bailey 
Miner 

Pruniis bokf am nsii 
P I 40224 

Species unkno in 
Mav Queen 
Progressi) e 
Superior 

Primus cera^ifera 
Do Caradeiio 
Early Cherr) 

Extra Early Cherry 

Myrobalan 

Paragon 

Prunus angtisltfolta xar 
vanana Wight and 
Hedr 
Eagle 

McCartney 

Prunus orthosepala 
Koehne 

Prunus orthosepala 

Prunus subcordata Bcnth 
Sierra 

Prunus stmontt 
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Mu X S 
b X ? 

C X 8 
b X Si 
S X f 
S X ? 

8 X A X T 
I X 8 
S X Mu? 
b X A 
S X bi X ? 

Si X ? 

B X A 
A X b 
S X bi 
b X T 
I X D 
A X Ma 
8 X A X Si 
S X Ch 
(Mu X S) X 8 
S X Si X ? 

8 X A 
T 

S X A 
S? X D 
B X Na 
B X 8 
8 X Mu 
B X 8 
SX ? 

S X A 
8 X ? 

8 X » 

SX A X ? 

(Mu X S) /s ? 
A X Si X S 


HTBBtDB 08 BUPFOSBD II 


Banana 
Bartlett 
Beaut V Junior 
Bilona 
Biola 

Black Beauty 

Bruce 

Bursoto 

Ca/iqiiL 

Chaleo 

Cherehoto 

Choice 

Clima\ 

Combination 

Conquest 

Crimson Rcaut> 

Dibcovcrj 

Donley 

FI Dorado 

Wiott 

LUio 

Lmorald 

h ndicott 

Epoch 

Etopa 

f xceUior 

Fzapatau 

Tirst 

llichingir 
Formosa 
Funk 
Gaviota 


SiXSvcxMi 

S X ’ 
bi X s 
C\ T 
SX V 
S X Si 
S X C 
Mu X ? 

(Si y s y r X 

M 1) X N I 
I X D 
s X A 
b X A 
S X Ch 

S X (Mu X S)? 


1 1 ni Pri/i 
I os (. It )S 
Mainii >tl 
Mai lain i 
Ma\ Hi I it\ 
Mav I ar I 
Mill III 
Milt I 


Miiiiiisof i 109 
Miraeli 
Monit ir 
Moiiii 1 
Mn Hr iti. 

Mm s( 1 

(linali i 
Opata 

Patten s XX 
Phoi tit 

Pri/t 
ResRen 
Red Ball 

Red Whir 

II Ml y /' (erasu^ Roadmdi 

Russian h\ I rid 


? X M 
S X A 
S X (Mu 
A X S 
(b X SO ' 
(S X Si) ' 
H X A 
b X Cl 


s) 


a Whi/ PI inicot S X A 


s X 7 
B X A 
B X S 

Si X S X 0 X 1 
S X An V 
S X T 
Sp X I) 

Sp ) '■ 


Gigantic 


Ma X Si X A X N Glow 


8 X Mu 
S X Na 
H Ml X A 
A X Si 

s X r 

S X hybrid 
8 X hybnd 
8 X A 
8 X 8i X T 
A X 8 
8 X Ch 
Mu X 8 
8 X T 


Golden 

Gonraks 

Hammer 

Hanska 

Happiuest. 

Howe 

Howe 

Hoyt 

Inca 

lewell Carpenter 
Juicv 

June Twenty 
fourth 


S X Cl 
S X (S X Si) 
S X Mu 
A X t 
S X ? 

A X Si 
Si X A 
SX A 


Satramtiito 
Sansoto 
Sapa 
I Shiro 
bi\ Weeks 
Solan ) 

P 1 Wl 
P I 32071 
Sttlla 
Sweithi art 
Tanwick 
lerrell 

Iheo ^^llllaIns 
Ihunder Cloud 
I oka 
lokati 
Innka 


Si X S X C y Mu Underwood 



S X 
S X C 
B X S 
S X A 
SX H 
SXSi 
D X S 
S X A 
S X » 

NAUFD VARIITlf 


Upright 
Vesm Ills 
Wachampa 
Waneta 

WaiiRli 

Wickbon 
Wilma 
W inoiia 
Full 


H Mi-P tcrtHlaM var miwri 



724 


YEARBOOK, 1937 


CHERRIES 

The cherry is pother very important stone fruit, althoueh it is not 
grown so extensively in the United States as the poach and the plum 
The varieties in w Inch we are interested for their value as edible fruit 
beloTig to tu o groups, the sweet and the sour Varieties of the former 



Fifftre 15. — tight-^ear-old trees of Napoleon sweet therry {Pruiuis amun). 


f 'l'oup ore used prmcipally for fresh-fruit dessert, while those of the 
atter make up the great bulk of the frozen and canned cherries 
of commerce for use in bakeries, restaurants, and homes for pies, 
preserves, and sauce. In fact, so important is their use for pies 
that this group of sour vaneties is frequently referred to as pie 
cherries. 

Unfortunately, our present-day cherry varieties are not so widely 
adapted over tms country as we should like to have them. While the 
sweet cherry trees are as hardy in wood as the peach, they do not re- 
cover so well from winter injury. They blossom early in the spring, 
and the flowers are very susceptible to cold and frost injury. The 
sour cherry tree is as hardy as some apple varieties, but its blossoms 
are also quite tender to cold, and crops are frequently lost by spring 
frosts. In more southern latitudes in this country the trees do not 
thrive in the hot, dry summers, and in the more humid regions the 
fruits are very susceptible to brown rot. Chiefly because of special 
climatic requirements, the principal commercial pn^uction or sour 
cherries is limited to districts along the Groat Lakes in the East, and 
of the sweet cherry varieties to the Paciflo and Intermountain States 
of tibe West. 



Figurv 16 — Sii year-old trees of the Montmorency vanely of bout therry 
(Prunus c ^ 


Wild fonns of the sweet cheny found growing in this country and in 
Europe are also called marzard, bird, and wild sweet cherry Some 
of these have escaped from cultivation 

The native habitat of the sweet cherry species is in southern and 
central Europe and Asia Mmor This species his been divided by 
botanists mto different groups but because of hybndization among 
the varieties it is rather difficult in many cases to classify them Sweet 
chemes with soft, tender flesh form one group, known by pomologists 
under the French group name guigne or the English goan These are 
also known as the heart chemes These sweet soft fruited chemes 
may again be divided into dark colored vaneties with reddish mice, 
ana light-colored vaneties with colorless jmce Among the light 
colored gean vaneties are Coe, Ida, Elton, and Wood Dark colored 
ones are represented by Black Tartanan (fig 18) and J arly Purple 
The second gpoup is distmguished by the firm, cnsp flesh of the muts 
and IS referred to as the bigarreaus Wmasor Kepublican, Bmg, 
and Lambert are representative vaneties of the black type, while light 
types are Yellow Spanish and Napoleon (fig 15) 





Figure 17 . — Mature Ircea of Montmorency cherry in bloom Thia is the importa 
sour cherry of commerce grown in the Umted States. 


representatives of this grotip are Early Richmond and Montmorency 
(figs 16 and 17). The second group called the morellos, contains 
varieties with very dark round to oval fruits and flesh with reddish 
juice. Typical varieties of this group are Enghsh MoreUo, Ostheim, 
and Olivet. A third typo in the species is the marosca cherry, from 
which is made maraschino, a h^ueur used in Europe and the United 
States in the manufacture of maraschino cherries. The marasca 
cherry is a native of the Province of Dalmatia, Yugoslavia, where the 
trees grow wild. The fruits of the marasca varieties are much smaller 
and ^rker and somewhat more acid than the common sour cherry. 
In the Umted States at the present time some varieties of sweet ehe^ 
such as Napoleon, and some sour vaneties, are being used for making 
maraschino cherries. 

The duke cherries (fig. 20) are intermediate in type and have 
sometimes been referr^ to Prumu avium, but more recently have 
been considered to be hybrids between P. avium and P. cerasus. 
In France they are called royals. May Duke, perhaps one of the 
oldest varieties grown in the United States, Reine Hortense, and Late 
Duke are important varieties of this group. In the duke cherries 





Figure 18 . — Sweel cJierries are mure or less hearl-sbaped and are gomrtmieti referred to 
as heart cherries. Black Tartarian, shown ahove, is a variety of the gean type with 
dark flesh and reddish juice. The bigarreau type is similar in appearance but has 
firm flesh. 


beaches of the eastern United States; and the western sand cherry or 
Bessey cherry, P. besseyi Bailey, of the western United States 

In addition to the wild sweet or mazzard cherry, two otlier species 
are important from the stan^oint of stocks on which to bud or graft 
varieties for propagation. These are the small wild, inedible sour 
cherry of southern Europe, Prunua mahaUb L , known as the mahaleb 
cher^, and the small wild red or pin cherry of the Northern States 
and Canada, P. penaj/foantca L. f. 

Attempts have alro been made to locate pleasant-flavorcd strains 
of the cnokecheny, Prunua mrginiana L Sonic strains are quite 
ine^ble un^ fully ripe. 

Objectives in Cherry Breeding 
One of the main objectives in cherry breeding is the production of 
high-quality sweet varieties that wiU prove more hwdy m tree and 
blossom characters than many of those now available for planting. 
The production of such a deheious fruit as the sweet cherry is now 
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limited to & veiy few regions of tins country Even in those 
regions where it can be giown there is nce<l for firm-fleshed vari- 
eties that do not crack and tliat will ripen over a long season At 
the present time we have no firm-fleshed early-npenmg varieties of 
the Digarreau type Tlie unsatisfai toiy viability and germination of 
seed of eaily-npening varieties impede progress in tins direetion at 
the present time 

In obt lining varieties that will be suited to regions where moderately 
low winter temperatures pievail, the mattei of understocks may bo of 
first importance The r hief limiting firtor in glowing hardy cheines 



Fiffire 19 — Sour chrmes of the aniarelle group inrluding pale red to red lypea with 
rolorleaa juice A, Early Richmond, B, Sami Medard 

m the northern Great Flams area, as well as m certain other parts of the 
Umted States, is the relative tenderness of some mahaleb and mazzard 
stocks used m propagation Selection of better understocks that will 
prove more cold-resistant and moie widely adapted than those m 
present use is worthy of further investigaUon Elections of native 
chemes that appear to be better adapted to various soil and climatic 
conditions, such as hardier strains of our native mazzard and mahaleb 
stocks, may prove frmtful of results (2f) Chernes are not grown 
at the present tune m the vast area compnsmg the southern part of 
the Umted States, pnncipallv because of the susceptibihty of our 
available varieties to certam ciiseases There is need for the develop- 
ment of disease-resistant vaneties for this region 
More genetic and cytological studies are needed, particularly of 
hybnds between the sweet and sour vaneties, as a oasis for more 
intelligent choice of desirable parents Some of the duke vaneties 
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tW arc not hghly productave 
>» cb.«,„*gL&r ,.rUU^ 

Methods of Chfrry Breeding 

^ vanotics of chcny aro not 

^erent from those already discussed for the peach and tlie plum 
bmw all of the important vanetica of Prunu auum have been shown 
to be self unfrmtful {28 30) emasrulition is iinneressaiy but with 
the sour and duke varieties the blossoms must be emasculated 



hgun. 20 — t ighl y«ar-uld trees of the May Duke variety of iht di ki. groi j of cl ernes 


One of the important problems confronting the cherry bitedei at 
present is to find methods for growing the seeds of eaily npenmt, 
varieties ^ 

Imirovement in Vahieiies 

Breedmg of new vaiietics of cherries does not seem to h ive attracted 
the mterest of private breeders to the extent noted wath pt aches and 
plums Interest has always been mamtained m a search for new 
varieties, but progress in obtaimng them has been slow The fadurt 
to develop new varieties may be due partly to the fact that the cherry 
18 not at home over such a large area of tins coimtry as the peach and 
the plum The tenderness of the sweet cheiry {Prunus amum) 
varieties wnth the resultmg loss of trees during cold wmters hM 
largely hmited their culture to the more protected areas along the 
Great Lakes and to the Pacific and Intcrmountam States of the West 
The fadure to obtam new varieties particularly the sweet sorts may 
fdso be due to the fadure of the seed to grow 
138004 37 47 
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The success obtained by two pnTate breeders is worthy of mention 
The pioneer breedmg work of the brothers Henderson and Seth 
LeweUmg m Oregon dates back to 1848 (18) In that year Henderson 
Lewellmg earned an assortment of vaneties of peach, ^ple, pear, 
plum, and cherry by wagon from Iowa to Or^on These were 
planted m Milwaukie, Oreg , as a source of matenal for nursery and 
vanety-improvement work One of the most important vaneties of 
cherry m this collection was the Napoleon Apparently the tag had 
been lost, and the vanety was renamed the Royal Ann, the name bv 
which it 18 known m the Pacific Coast States today From this stock 
of Royal Ann and other chemes, three important new vaneties of 
the black bigarreau type were developed. Republican, Lambert, and 
Bing Repubhean, possibly a cross of Napoleon and Black Tartanan, 
onginated as a seedlmg m ^th Lewelhng’s orchard m 1860 Lambert 
ongmated as a seedlmg under a tiee of Napoleon planted by Lewellmg 
m 1848 From a seed of Napoleon planted in 1875 m Mdwaukie, 
Seth Lewellmg grew the promismg seedlmg that later he called Bmg 
These excellent vaneties developed by the Lewelhng brothers laid 
the foundation for the present cherry mdustry m the Pacific North- 
west as well as m California The Bmg, Lambert, Repubhean, and 
Napoleon are at the present tune the leadmg commercial vaneties of 
sweet cherry in this region 

At about the time that the Lewelhngs were working on the develop- 
ment of cherry vaneties m Oregon, P J Kirkland, of Cleveland, 
Ohio, was engaged in similar work for the eastern Umted States 
Vaneties introduced by Kirkland that have been grown and are stiU 
bemg grown to some extent are the soft-fleshed sweet vaneties Black 
Hawk, Kirkland, and Rockport 

In view of the results obtained by these men it is rather surprising 
that no enterpnsmg breeder has become mterested m more recent 
times m searching for better vaneties and typos of sweet chemes 
adapted to this country 

Chirry Breeding in ihe United States 

The New York (State) Agncultural Expenment Stalaon at Geneva 
has done the most work on cherry breedmg m recent years The first 
crosses were made m 1911 To date, about 1,200 seedhngs have been 
planted for fruitmg, and m addition ttiere are a few hundred in the 
nursery for future planting Sixty-two different sweet, sour, and duke 
vaneties and a few seedlmgs have been used m the breedmg studies 
The vaneties used most extensively were Abesse d’Oigmes 33 times. 
Abundance 47. Bmg 57, Burbank 9, Coe 16, Early Rivers 35, Early 
Purole 9, English Morello 46, Mton 41, Ehnperor Francis 45, Early 
Richmond 21, Giant 82, Gil Peck 15, Hedelfingen (OSante d'HedM- 
fingen) 27, Ida 12, Kirtland 50, Knight 10, Ludwig 27, Lambert 81, 
Lyons 58, May Duke 72, Montmorency 73, Napoleon 103, Ostheim 
26, Ohvet 14, Oswego 11, Rome Hortense 25, R^al Duke 9, Repubh- 
ean 32, Schr^ken 30, Seneca 74, Schmidt 74, Wmdsor 59, Wood 24, 
and Y^ow Spanish 54 

Unfortunatdy, many chenv seeds failed to germmate, and conse- 
quently from thousands of seeds comparatively few trees were obtamed 
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The seeds of early varieties were nearly 100 percent nonviable. The 
Seneca, a very early black sweet cheriy, was produced at the Genova 
station by crossing an early unknown sweet with tlie Early Purple. 
This vanety originated in 1911 and was sent out for trial in 1924. 
The only other seedling that has been named was derived from a cross 
made in 1925 between Napoleon and Giant. This seedling was named 
Gil Peck upon request of the Indian tribes of New York, who were 
very fond of the late Gilbert W. Peck, a Cornell c.\tension worker in 
pomology. The Gil Peck was introduced in 1926. 

The objectives of the work in New York have been the production 
of firm-flesh sweet cherries that do not crack or rot and that ripen from 
early to late season. To secure lateness, large-fruited varieties were 
crossed with Abi ndance and with a small, very late, firm-flesh cherry 
called Oswego. Latc-bloominff mazzanls have also been used in order 
to secure later blooming varieties that may escape late spring freezes. 

In addition to fruit of good quality for commercial purposes, pro- 
ductive hardy trees have been mven consideration m this work. 
Ijittlc work has been done with ^e sour {Piunus cera^us) group of 
cherry, because the present commercial varieties, Montmorency and 
Early Richmond, have been found fairly satisfactory for New York. 
The production of desirable <luke cherries has also been given considera- 
tion, inasmuch as a productive high-qualitv duke would doubtless 
meet with favor among cherry producers and consumers. 

In South Dakota, N. E Hansen has been actively enmiged since 
1900 in breeding cherries suited to the west north central States, ile 
has made many crosses, using the w estem sand clierry, Pninu« besHeyi, 
and other species of P/unm The sweet cherries, ainum, which 
are raised in the Eastern States and so extensively on the Pacific coast, 
are not hardy in the northern prairie States. The sour cherries, P. 
cerasus, are much hardier tlian the sweets, but they are not generally 
planteil in tins region. The Early Richmond and wime otlier sour 
varieties are grown to a limited extent in the southcni part of the 
State Attempts to hybridize sweet and sour varieties with tlio 
native cherries have not been successful. 

The following have been developed and introduced. 

Select South Dakota sand chemos {Prmui bts^eyi) Bioux, Tomahawk, and 
a Dak No 5 

Sand cherry X Japanese plum Sapa, Wachampa, Etoi>a, Eyaini, Eiiopa, 
Ezaptan (sand cherry X Burbank Sultan plum), Opata, Owanka, Okiya, Cikana 
(sand cherry X Gold plum), Skuya, Wohanka, Wakapa (probably sand cherry 
X unknown Japanese plum) ^ n ^ 

Sand cherry X native plum- Cheresoto, Sansoto (sand cherry X De Soto 

cherry X plum Chainpa (sand cherry hybrid, a seedling of Sioux open- 
polhnated), (5ka (seedling of (Jhampa open-pollinated, probably with Japanese 

^*^nd cherry X Purple-leaf Persian plum Stanapa (purple-leaved, semi- 
dwaif), Cistena (purple-leaved, dwarf) . , , , „ t i 

finnd cherry X European apneot: Yuksa (sand cherry X New Large apricot). 

At the Iowa Agricultural Experiment Station cherry-biwding work 
is being carried on by utilizing greenhouse-CTOwn trees in the s^e 
way as in the work at this station with plums and peaches. The 
varieties consist of six species of Prunua, namely, avium, ceraaw, 
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besseyi, japomca Thunb , tomentosa, and capuli Cav Trees of the 
following crosses are being ^wnm the nursery SapaplumfP mltcina 
Liindl X P besaem) X Gold cherry (P amum) , P serotina Ehrh X P 
capvlt, and Zumbra X P tomentosa The object of this work is to 
obtain vaneties of cherry hardy for Iowa and suitable for the Great 
Plains region 

At the North Dakota Agncultural Experiment Station, work on 
cherry breeding is earned on with objectives similar to those in South 
Dakota and Iowa The Cooper sand cherry hybnd was mtroduced 
m 1936 Because of good quahty of frmt and oardmess of tree, it is 
considered a substitute for the sweet rheiry m that State 

In past years about 400 seedhngs of open poUmated Compass 
cherry have been grown Only one seedhng had horticultural 
value About 500 chokecherry selections have been grown, and 
from this work vanety improvement seems possible from the use 
of these chemes as parents lifty Fi seedlings were obtained from 
crosses made in 1926 of chokecherry X P maackti Rupr These 
seedhng are also of genetic mterest and are under study Seedhngs 
of hardy Russian sorts and of open pollmated Anoka are also being 
grown 

At the Umted States Northern Great Plains Field Station at 
Mandan, N Dak , sour and sweet vaneties of chemes have been 
crossed with pm chemes {Prmus pensylvamca), western sand chemes 
(P besseyt), Nankmg chemes (P toTnentoaa), and chokechemes 
Seeds have been produced, but in most cases they failed to ^w 
One tree, a cross between Wragg and pm cherry seems to be fairly 
drought resistant and hardy It blooms profusely but does not set 
fruit, probably because of self-unfruitfulness 
Several hundred pm cherry seedhngs have borne fruit, but none has 
been good enough to select 

Several thousand western sand cherry seedhngs have been grown 
This hardy native frmt shows a decided and vaned response to cul- 
tivation, there are marked vanations m habit of growtn and m size 
and quality of the frmt A number of promising selections have been 
made and propagated for further testmg This frmt has also been 
used in crossmg with plums and Nanking chemes Some of the latter 
crosses are bearmg, and both frmt and hush charactenstics are mter- 
mediate between the western sand cherry and the Nankmg cherry 
Second generation seedhngs have been grown 
lATge numbers of chokecherry seedhngs have been grown, and while 
the^ snow considerable variation, no real “chokeless ' seedhng, i e , 
entirely nonastnngent, has been found A few of the best have been 
pr^agated on Prunus maacku stock for further testmg 
Thousands of seedhngs of the Nankmg cherry have heen frmted m 
the testing blocks This frmt is not entirely h^y and tends to be a 
shy bearer It has been used m crossmg with standard varieties of 
chemes, the western sand cherry, and plums The only viable see^ 
obtamed were from the western sand cherry crosses 
In addition to the breeding work at the various institutions, exten- 
sive vanety collections are located m a number of States where brew- 
ing material may he obtamed Some of these are the New York 
(State) Agncultural Experiment Station, the Ohio Agncultural Expen- 
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ment Station at Wooster, the Colorado State College at Fort Collins, 
the Utah Agricultural Experiment Station at Ogden, the California 
Agricultural Expenment Station at Davis, and the Oregon Agnculturol 
Experiment Station at Corvallis 

Cherry Breeding in Canada 

Cherry-bieedmg work at the Horticultural Expeimient Station 
at Vmeland, Ontano, Canada, was begun m 1915 and has been 
contmued up to the present time Dunng the penod 1915 to 1935, 
2,687 soedhngs were obtamed and planted for study These seed- 
hngs were from 27 variety crssocs and 27 open polhnations Sixteen 
have been selected as having horticultural value Two bundled 
and eighty one serdhngs were obtained from crosses made in 1911, 
usmg Bmg as the seed parent and Black Tart man, Napoleon, anil 
Victor as pollen paicnts, to obtain large, nonsphtting, black vane 
ties From oiosses made in 1915 1,040 seedlings have been obtamed 
from Hedelhngtn as seed parent and Black Tartarian, Bmg 
Victor, and Wmdsor as pollen parents, with the same object in 
view 

Irom the early cherry hreedmg work the Victor variety was intro- 
duced m 1935 This vaiioty was a selection from seed of open- 
polhnated Wmdsor which was collected in 1916 by P b Reeves It 
IS a large , attractive white cherry Approximately 4,000 trees of tlus 
vanety have been planted in southern Ontano 

SuF li-RTiLnY IN Cherry Varieties 
Gardner {14), m 1911 working m Oregon faded to get a set of frmt 
from selhng 11 vanetios of sweet cheny In 1912 he attempted to 
mtercioss Bing Lambert, and Napoleon Tlieso vaneties proved to 
be not only self mcompatible, but mcompatible with each other, that 
IS, they would not set fruit when selfed or when cross pollmatcd among 
themselves In onhaids where Napoleon was mterplantcd with 
Republican, and away from the influence of other vaneties, the Napo- 
leon set a full crop The same was true where Lambert ancl Bing were 
mteiplanted with Black Tartaiian 
The results of early cherry pollination woik from 1911 to 19H m 
Oregon, as well as later work in that State and m Cahforma, show 
that all varieties of sweet cherry tested were self mcompatible 
Repubhean, Black Tartarian, Coe, Early Purple, Elton, Knight, 
Major, Francis, May Duke, Rockport, Waterhouse, Willamette, 
Wmdsor, and Wood were all self mcompatible Repubhean and Black 
Tartarian were found to be good pollimzers for all the vaneties They, 
of course, do not set fnut when selfed 

Crane and Lawrence, working m England, have testeil 33 vaneties 
and found all of them to bo sdf mcompatiule Important self- and 
cross-mcompatible vaneties were Black Eagle, Early Rivers, Knight 
(Knight’s Early Black), and Bedford Prolific, while among cross- 
compatible vaneties were Black Tartarian, Schmidt, Wood, and 
Wmdsor 

For all practical puiposea, therefore, we must consider all true 
sweet-cherry vaneties of Prunus amum to be self unfnutful, that is^ 
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no fruit will set from blossoms pollinated with their own pollen, since 
fertilization wdl not take plare The genetic explanation of self- 
mcompatibihty of style and pollen and its relation to failure of fruit 
to set nas already been discussed m the section on plums 

Types of Steriiity 

Nearly all of the vanetiea of sweet ehemes fail to set fruit 
when the flowers are pollinated with their own poDen They are 
therefore said to be self-stenie However, the pollen grams and 
egg cells of these vaneties are functional, for the pollen will grow 
when placed on the stigma of another vanoty, and in hke manner 
the egg cell will develop if fortihzed with pollen of another variety 
With most of the stone fnuts fertihzation is reqmred before the 
fruit will develop and a variety that does not set frmt because of 
the failure of its own pollen to effect fertilization of the flowers is said 
to be self-unfruitful 

Stnctly speaking, stenhty may be due to three causes (S3) (1) 
Flowers may be stenle because of their morphological development 
Failure of the anthers or pistds, or both, to develop, and failure to 
develop viable pollen or functional egg cells, may result in nonfruit- 
fulness It IS recogmzed that such situations may be due to genetic 
causes (2) Sterility may also be physiological The pollen grains and 
egg cells may be normal fertilization is effected, but the embryo does 
not ™w bwause of certam nutritional disturbances (3) Stenhty 
may De due to incorapatibihty In this case the pollen grains are nor 
mal and will develop in the style of other vaneties and brmg about 
fertiliration of the ovules, but they will not function m the style 
of the flower of the same vanety It is this latter type of stenhty that 
IS most frequently encounterecl in the stone fnuts Nearly all of the 
sweet cherry vaneties are self-unfrmtfiil because of mcompatibihty 
Vaneties such as Napoleon, Wmdsor, and Black Tartanan ■w^l not set 
fruit when the flowers of any one of them are polhnated with its own 
pollen If, however, Black Tartanan pollen is apphed to Napoleon 
or Windsor, a large percentage of the flowers will set frmt Likewise, 
if Wmdsor pollen is apphed to Napoleon or Black Tartanan, frmt 
setting will occur 

The genetic basis of mcompatibihty has already been discussed in 
the section under plums 

Genetic and Cytologicae Studies With Cherries 

In contrast to the sweet ehemes, vaneties of sour ehemes are self- 
fertile, and the pollen of sour vaneties will also effectively cause 
frmt-setting on sweets 

In duke wemes vaiying degrees of self-compatibihty occur Crane 
and Lawrence (10), working m England at the John Innes Horticul- 
tural Institution, have obt^ed the foUowmg percentage of set from 
selfing important duke vaneties 9 percent for Late Duke, 3 percent 
for Empress Eugeme, 1 percent for May Duke Reme Hortense set 
no frmt The results obtamed from cross-poUmations between sweet. 
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sour, and duke chemes have vaned considerably According to Crane 
and Lawrence, aweet vaneties pollinated by sour varieties generally 
produce and mature fruits freely, but from reciprocal poBmations 
fruits are less freely formed In a smular way fiuit production is less 
when the dukes are pollmated by sweet vaneties than when reciprocal 
polhnations are made 

We have httle knowledge about the ongm of our present cherry 
vaneties Three vaneties produced by Thomas Andrew Knight, 
resultmg from a cross of a sweet (bigarreau) X May Duke, were 
Waterloo, Knight (Knight’s Early Black), and Black Eagle, and the 
latter two would pass for sweet chemes In pollmation studies to 
determine the incompatibdity of vaneties, it has been observed, both 
m this country and m England, that mdividuals of the same vinety 
appear to differ m their pollination reqiurements, and it is possible 
that distmot strains of such vaneties or types as Black Tartanan or 
N apoleon have been propagated Because of the fact that all vaneties 
of Prunua amutn aie self unfruitful it has bein impossible to raise 
sclfed progeny to study the inhentance of chai icters and determmo 
genetic relationships In studies made at the John limes Horticul- 
tural Institution in England, Crane observed that in selfed famdies 
raised from viiicties of P cf roans, secdlmgs with P amum characters 
frequently appeared, and m famihes raised from crosses between 
vaneties of P amum, occasional secdlmgs occurred which showed 
markeil P cerasus characters Furthermore, seedlings m families 
raiseil from P op urn X cerasus resembled the dukes in many chai 
acters but not in all 

Cytological mvestigations of the chemes show the somatic chiomo- 
somo number (in) in P amum to be lb, and it is apparently diploid 
In P cerasus and the dukes the number is 32 Darlington {11), who 
has studied the chromosome behavior m a number of cultivated van- 
eties of cheny, considers that P cerasus is a true tetraploid, not de- 
nved simply ftom P amum, but one possessing additional elements 
probably deiived from P jrutwosa Pall , another tetraploid All of 
the sweet chemes examined by Darhngton had extra chromosomes 
beyond the diploid number Irregulantics occur m chromosome 
painng, but it does not appear that there is any correlation between 
the actual chromosome number and the mcompatibdities observed in 
sweet cherry vaneties Selfed seedhngs of sour and duke vaneties 
showed a enromosome number of 32 In crosses between the sour 
and dukes an exammation of the progeny shows that the chromosome 
number is also 32 However, m crosses between dukes and sweets, 
and sours and sweets, the progeny showed the mtermediate number 
24 m some cases, as we might expect, and m others 32 The culti- 
vated duke vaneties appear to be telraploids that have arisen from 
hybndiration between toe diploid sweet chemes and the tetraploid 
sours In expenmental studies, however, crosses between some tet- 
raploid sours and diploid sweets have yielded seedhngs with 24 
chromosomes that presumably were tnploids and proved to be highly 
sterile 

B R Nebel, at toe New York Agnoultural Experiment Station, has 
been studying the cytology of interspecific hyonds From crosses 
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between sour and sweet chemes. 22 tnploid first-generation trees 
have been obtained, and these are iruiting on the station grounds In 
attempting to backcross from these hybrids only 1 fruit was obtamed 
m 700 poUmations Open pollinated seed was then used, and this 
gave nearly 60 second-generation seedlings Upon cytological exam- 
mation of this second-generation material there appeared to be a 
gradation downward m chromosome numbers through loss of some of 
the supernumerary chromosomes of the sour species It is possible 
that the second-generation seedlings will be more fertde than the first- 
generation, and that backcrosses with firm-fleshed sweet chemes 
will give diploid dukes that are mterfertile with sweet chemes As 
already mentioned, if autopolyploidy could be induced, the first- 
generation tnploids could be made fertile directly and much time 
could be saved 

Crane and Lawrence report from their studies of the inhentance 
of flesh color in sweet chemes that white is recessive to black In 
crosses between white varieties only white was obtained Bigarreau 
du Schrechen is conoidered homozygous for black smce m all crosses 
where this vanety was used as a parent all of the piogeny produce 
black frmts Other black vaneties such as Early Riveis, Bedford 
Fiohfic Black Tartarian types A and B, Late Black and Schmidt, 
are heterozygous for flesh color It appears however, that when the 
different shades of fruit color are considered ranging from dark to 
white, through vanous pinks and reds, a number of genes may be 
mvolved ui color inhentance 

Selfed sour cherry (morello) vaneties with roundish oblate fruit 
gave seedlmgs that yielded occasional long frmts Kentish Red, a 
vanety with roundish oblate frmts, gave a progeny that yielded fruits 
of vanable size and shape 


Appendix (Ch»hry) 

Table 8 — Location* of cherry-breeding work and names of workers in the United Slates 
and Canada 
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Cherry Material at the Calijomia Agricultural Experunent 
Station, Davis, Calif ” 


Prunus Umentosa 
Var Bush Cherry (P I 
36086) 

P pseudocerastM 
Var Tangsi (P I 
185871 (Season very 
eirly ) 

P nvtum 
Abundance 
Allen 
Uahsford 
Bauman May 
Bedford Prolific 
Belle do Drurco 
Belle d Orleans 
Bc&t 

BiKgareau Blanc d* 
IspaKUC 

Bigarreau d Itahe 
Bing 

Black Oregon 
Black Bcpublican 
Black Sweet 
Black 1 artanau 
Bohemian 
Burbank 
Burr 8 Seedling 
Bush fartanan 
Calif 01 Ilia Advance 
C enteimial 
Chapman 
Cleveland 
C oop 8 Special 
Deacon 
Dikeman 
Dr rivnn 
Double ^\hIte 
Downer 
Dyehouse 

Parly Purple Giii^nc 
harly llivcrs 


P avium — Continued 
Elton 

Emperor Praiicib 
Oarrafal 

Qarrafal le Grand (P I 
33223) 

Qiaiit 

Gold 

Jledclfingcn 

Hinton 

Hoskins 

Improved Black larta 
nail 

laboulay 

Knight 

Koont/ Mammoth 

I a Cima 

Lamaiirie 

Lamlicrt 

Late Bing 

Lcwclling 

Long Stem Koval Ann 
Long Stemmed Water 
house 

Muor hruicis 
Mc/el 
Napoleon 
Ord 

Osthcimer WeicliMl 

Oxheart 

Paul 

Pontiac 

Porters 1 artanau 
Kamon Oliva 
Roc 

Ru\al Stewart 

Savior 

Schmidt 

Seneca 

Sharp 


P avium — Continued 
Shelton 

Negro de la Rivera (P 
I 73466) 

Risada dc Kenter (P I 
73467) 

ThomiHjon 
Trani,cendens Blacl 
Heart 
Vaughn 

Waterloo Heart 
White Carron 
B lUamcttc 
Windsor 
Wood 
P cerosus 
Bildwin 
Dyehouse 
1 arly Richmonil 
English Morello 
Homer 

Large Montinurcnc} 
Montmorenc> 

Nelson 


Wragg 

Dukes 

1* mprchs r ugeiiie 
Late Duke 


Noble 

Ohvet 

Heine Hortenso 
Royal Duke 
Hybrids 

New Century Parent 
age P csrewiis X (/' 
atuum X eerasua) 


Cherry Varietn s at thi ISew York 
Gineva, 

Abbesso d Oignies 

Belle di Barbanti (U S D A ) 

Bianco Rosatio di Remoiite (U S D A ) 
Bicenteuaria ^ S D A ) 

Bigarreau do Schrecken 
Pmperor Francis 
Garr^al le (Glrand 

^Ifingcn ) 


Aff'icuhural Lxpcrinunt blation, 

,N Y 
Gd Ptek 

Grosse Langt luthkiibthe (Germany) 
(Synonym of English Morello ) 

I udwig Bigarroau 

Marasca di Verona (U S D A ) 

Marasoa Moscata (U S D A ) 

Nero Grossa di Pimento (U 8 D A ) 

Noir de Guben 

Seneca 


» This list (untulns I esidss well known vadetw 1 uil seltclions an 1 other w rts the names 
cannot well be made at this time to l nform to the code of nomenclatnie 


of whiih 
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APRICOTS 

The afbicot is pnzed by all who like the stone fruits, and when 
eaten fresh it is considei^ by many to be the most delectable of 
this group Unfortunately, however, very few apricots are grown 
for fresh fruit m the StatM east of the Rocky Mountains, and most 

a le know the flavor of this fruit only from the cann^ or dried 
uct Its production is restricted to a relatively small area m 
this country where chmatic conditions are favorable Most vaneties 
can withstand wmter cold as well as peaches, but the blossom buds 
develop rapidly under favorable growing temperatures m late winter 
after the rest period is over, and the crops are frequently lost from 
late freezes and spnng frosts 

The commercial pn^uction of the apncot (flg 21) is conimed largely 
to the Paciflc Coast and Intermountam States (B, 20) Califorma 
lea^ with a potential average production considerably m excess of 
200,000 tons Of the average crop of 266 000 tons harvested dunng 
the years 1931-33, approximately 76 percent was dried, slightly over 
14 percent cannea, and about 10 percent was shipped or consumed 
loc^y as fresh fnut Because of the great penshabihty of this frmt 
and the need for quick handling, fresh apncots are on the market m 
the Eastern States for only a short time and their distribution is 
hmited to large centers of population 

Botany and History of the Apricot 
All of the important commercial vaneties of apncot grown in this 
coimtiy today belong to the species Prunus armniaca L The name 
of the species, like that of the peach, is a geographical misnomer 
The apncot was formerly considered a native of the Caucasus and 
Annema, but later studies suggest that Chma is its native home It 
IS said that Alexander the Great brought the apricot from Armema 
to Greece, whence it was taken to Italy The Romans cultivated 
this fnut, and it is descnbed in the wntings of Plmy and Dioscondes 
It was later earned to France, and there is mention of its bemg m 
England m Turners Herbal, pubbshed in 1562 The fruit is now 
cultivated m all of central and southeastern Asia, and m parts of 
southern Europe and northern Afnca There seems to be no mention 
of it m the Umted States until 1720, when it was said to be growing 
abundantly m Viimnia It was doubtless among the fnuta brought 
mto southern Caluomia early m the eighteenth century by the Mis- 
sion Fathers Its culture spread to the valleys farther north, where 
chmatic conditions were more congenial Wickson (S3) reports that 
Vancouver found a fine orchard offrmts, mcludmg apncot, at Santa 
Clara m 1702 In 1935, 17 vaneties were descnbed as growing m 
England Downing (12, ^ 2S6-242) names 26 vaneties, and the 
Amencan Pomological Society (f ) lists 11 vaneties as growing m the 
Umted States m 1879 

In tree, frmt, and flower characters the apncot seems to be some- 
what mtermediate between the plum and the peach The trees are 
large and spreading, and m this respect are more like the peach and 
some of the Japwese plums The leaves are broa^ heart-shaped, 
dark green in color, and held erect on the twigs The flowers are 
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white, re^mbline those of the plum in color, but are borne not in 
clusters but singly or doubly at a node on very short stems. Like 
the peach, the apricot is self-fruitful and will set fruit when its blos- 
soms are selfed. The pit is smooth, somewhat like that of the plum, 
but broader, somewhat flatter, and more winged. The fruit is nearly 
smooth, roimd to oblong, in some varieties somewhat flattened, and 
m general rather more like the peach in shape The flesh is typically 



figure 21 . — Peach and apncot growing constilutea an iui|jortant mduatry in California. 
The apricot treea, in the iiiimediate foreground, and the peach trees in the rear are a 
part of a large orchard with rows 3 miles long. 

an attractive yellow to yellowish orange. The kernels of some 
varieties are sweet. 

The peach, plum, and apricot may be readily intergrafted. The 
apricot does well on peach stock, but the peach on apricot stock is not 
entirely satisfactory. 

In addition to the common apricot {Pmnus armeniaca), wliich 
comprises all of the commercial varieties grown in this country, 
several other s^ies are of interest to the breeder. The black apricot 
(P. dasycarpa Ehrh.) has fruits of small size, dark purple or black in 
color, and for the most part of inferior quality. The trees more 
closely resemble the plum and possess considerable hardiness in wood 
and bud. 

The Japanese apricot (P. mume Sieh. and Zucc.) is noted princi- 
pally for the ornamental character of the trees. The flowers and fruits 
also are very attractive. 

Types native in other countries have been described as species but 
are cmssed by some authorities as subspecies. The Russian apricot 
(P. sibirica L.), is possibly a strain of the common apricot (P. armeni- 
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oca) Trees of the Russian apncot differ from the common ^ncot 
m bearing smaller fnut of poorer quahty They are considered very 
much hi^er m their native home, but certam strams brought 
into this coimtry have not shown supenor hardmess under test 
The trees have a charactenstio upright growth habit, are thickly 
branched, and possess more thomnke spurs The small fruits set m 
clusters 

Another probable subspecies, the Manchunan ^ncot (P mand- 
achunca Koehne), is a common wild tree m central Chosen Its fnut 
IS similar to that of the common imncot, but the leaves differ, and its 
bark is thick and corky This subspecies may be a selected stram of 
the common apncot 

The apncot is widely distnbuted throughout Asia, and a large number 
of seedhngs have been observed growmg wild m vanous locahties 
In Clbna some travelers report the apncot only as a cultivated tree, 
but others have found it growing wild m the northern Provmces 

Breeding Material 

The apncot is less nch than some of the other stone fruits m species 
and horticultural voneties smtable for breedmg mntenal The raw 
matenal consists of many old vaneties introduced from En^and and 
France Among those recogmzed as of English ongin are Blenheim, 
Earlj Moorpark, Moorpark, and Hemskirke These are all vaneties, 
of high quahty, with the Blenheim maintaining first importance as a 
commercial vanety Vaneties of French onmn are Peach, Oulhns 
Early, Montgamet, Luizet, and Royal Royal is the most important 
commercial vanety of this group Lake the English vaneties, all the 


excellent opportunity for the apncot breeder to combine their desirable 
characters by cross breedmg Work of this kind is already under 
way at State and Federal agncultural experiment stations, as will be 
pointed out later 

A laige number of vaneties have been mtroduced from the Umon 
of Soviet Socialist Repubhcs, manv of these by J L Budd, of Iowa 
As a class they are more hardy m bud, later in blossommg, with fnut 
of smaller size and poorer quahty, but they are very productive 
Some of the more important vaneties of this group are Alexander, 
Budd, Gibb, Shense (Acme), Superb, and Toyahvue Little work 
has been done m combining the quahties of these hardy sorts, whicli 
some botanists consider a separate species {Prunua aibinca), with the 
commonly grown vaneties from western Europe 

In the last half centuiy a number of promising seedhngs and strains 
of Amencan origin have been selected, out only the Tilton ranks with 
the older European sorts as an important commercial vanety As 
might be expected, most of the Amencan vaneties ongmated m Pacific 
Coast States Among the more important are Newcastle, Alameda 
Hemskirke, Routier Peach, Derby Royal, and Sparks Mammoth, 
from Cahforma Other vaneties of more recent ongm are Wenatchee 
Mooipark, which has been reported to be similar to if not identical 
with Moorpark, Rdand, Gilbert, and Sofia, ongmatmg m ^e State of 
Washington Amqng other older Amencan varieties are Early Golden 
and Superb 
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Tho apncot has been crossed with vaiieties of plum particularly 
the Japanese plum Luther Burbank produced a number of seedlings 
by crossing the apncot with this plum Some of tho more promising 
of these have been mtroduced under the group name plumcot Among 
the more important arc Apex, Corona, Rutland, Silver, and Tnumph 

The crosses of apncot with plum have appanntly been more 
successful than those with peach No horticulturally satisfnctoiy 
peach apncot vaneties have been reported 

Objectives in Apricot Bri-iding 

If apncot culture is to be extended beyond the present lestnctcd 
areas where climatic conditions are favor xble vaneties must be de- 
veloped that are later m flowenng in spnng Fiom material that has 
been brought into this country, differences in bud hardiness and in 
bloommg have been obseived There is need for tho introduction of 
vaneties from countiies where apneots are growing and survivmg 
temperatuies as low as those obtaining dunng tho winter months in 
this country Many of these will doubtless prove woithless fiom the 
standpomt of edible fruit quality but will serve as breeding mateiial 
for the development of better vaneties In Cahtoniia consider xble 
loss results from tho droppmg of blossom buds of certain vaneties 
Vaneties that have a shoit icst penod, are needed for those sections 
of the country where tho winter templeratures aio not low Better 
canmng, drying, and shipping vantties are also m demand Evidence 
at hand would indicate that the commercial quxhty of vxneties can 
bo improved by breeding 

There is little mformation about the development of vaneties by 

E nvate breeders A number of chance scedlmgs have been disco vered 
y individuals but it does not appear that any conscious attempt to 
select 01 bleed new vaneties has been canied on to the extent that it 
has with the other stone fruits It is likely that many who weie 
mtercsted in better varieties were discouiagcd m their attempts 
because the parent matenal ivailable for crossing was in itself not 
sufficiently harely 

In the selection of matenal foi bleeding difficulty may be encoun- 
tered m establishmg the trueness to name of vaneties, smee the same 
variety may be grown m two or inoie loiahties under different names 
•^me of the vaneties icpresentmg desirable types are Moorpark, 
Royal, Blenheim, Tilton, Montgamet, and some selections of Russian 
and Japanese ongm For breeding studies m the eastern Umted 
States, where hardmess is an important factor, vaneties should bo 
used that have been tested and have demonstiated supenor hardiness, 
such as strains of Russian vaneties mtroduced by Budd, and more 
recent importations made by Hansen, of South Dakota, and tho 
Division of Plant Exploration and Introduction, Bureau of Plant 
Industry, United States Department of Agnculture 

Apricxit Breeding at State and Federai Stations 
Apncot breedmg was started at the New York (State) Amcultural 
Experiment Station m 1922 Eighteen vaneties, one seedlmg, and 
two P I numbered seedlmgs have been used Eighty-four seedlings 
denved from definite crosses, 1,424 from open cross-poUmation, and 0 
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from self-poUmabon have been set m the orchard for frmtmg Vane* 
ties used most extensively have been Alexis C tunes, Doty (a local 
seedling) 15, Downing (late blooming) 5 Montgamet 6, Oullins Early 
13, St Ambrose 5, and Toyahvale 5 A seedling grown from a seed 
imported by the Department of Agnculture as P I 34265 has been 
considered worthy of a name This vanety was temporarily called 
‘ Frascati”, as the seed was thought to have been imported from the 
ncimty of Frascati, Italy, but more recently it has been given the 
name Geneva 

At the North Dakota station apneot breeding work was started in 
1924 m an attempt to develop vanebes of sufficient hardmess to stand 
the wmters of the northern Great Flams area Over 2 000 seedlmgs 
are bemg grown and studied for their hardiness and quahty of fruit 

At the South Dakota station, N E Hansen has been propa 
gabng trees from seeds collected by him in northern Manchuria m 
1924 The fruits were taken from trees growing in locahbes reported 
to have minimum temperatures of —47° F Twenty three selec 
tions, called the Manciiu group, have been propagated for test 
Addibonal collecbons made m 1934 in eastern Siberia lor propagabon 
at Brookings are expected to give seedlings with greater hardmess than 
the Manchu 

Breedmg work at the Cahforma stabon at Davis Cahf was 
started m 1930 The objecbve is the development of vanebes of 
high quahty smtable for shippmg as fresh fruits, cannmg, and drying, 
but lacking some of the faults of the old vanobes now pown com 
mcrcial^ Vanebes used as pollen and seed paients have been Tilton, 
Royal, Hemskirke, Blenheim, St Ambroise, Peach, Newcastle, Moor 

E ark, Oullms Early, and m ^dibon strains of Moorpark and Hems- 
irke In the seasons of 1933 and 1934, one seedhng each was 
obtamed from the following mterspecies crosses Royal X Frunus 
metidocerasus, P murm X Royal, Pnngle Late X RuUand plumcot, 
Diamond Jubdee nectarme X Royal, and Lovell peach X Royal 
From the crosses made durmg 1930 35 there are at the present bme 
over 2,000 seedhngs ^wing m the orchard 
This matenal shoiud provide a sufficiently large progeny for genetic 
studies of the vanebes used as parents and serve as a source of supenor 
seedhngs that may be worthy of nammg A hst of the crosses and the 
number of seedhngs m each cross, as well as a hst of vanebes now 
bemg grown, is given m the appendix to this section 
At Palo Alto, Cahf , apneot breedmg by the Umted States Depart- 
ment of A^culture in cooperation with Leland Sbmford Jumor 
Umversity has been m progress smee 1922 A search for vanebes of 
high quahty that would prove more satisfactory for the established 
apneot distncts has been the mam objecbve of this work About 60 
promising hybnds have been selected for further studymg and testmg 
The more common vanebes, such as Blenheim, Tuton, Moorpark, 
Royal, Newcastle, and Hemskirke, have been used as seed and poUen 
parents, and in addition the less common vanebes Bergetb, Mont- 
gamet, McKinley, Lmzet, Bremner, and Sparks Hybnds of these 
vanebes have been recrossed, and other combmabons have been made 
by using proini8m{|( parents mtroduced from southern Europe, Afnca, 
and Asia m an effort to obtam certain desirable oharaotensbos m the 
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progeny In this material from abroad are mcluded Giallo di Tortona 
Turns seedlmgs, Japanese seedlmg 26018, Sardmian, P I 28954, and 
P I 34272 

A list of the hvbnds selected with the parentage and the years the 
crosses were made is given m the appendix 

Aphicot Brfedinc in Other Countries 
A program of apncot breedmg has been under way for some time 
under the superi ision of the Depaitment of Agriculture at the Yanco 
Experiment Farm, Sydney, New South Wales The work has for its 
object the production of supeiior canning varieties, particularly later 
varieties than Trevatt, to extend the season and thus close the gap of 
npemng between the latest canning apneots and the earliest canning 
peaches Importations of seed have been made from Pilestine, Iraq, 
Syria and Morocco and from this material siedhngs are now being 
grown The varieties used m the crosses and for op< n pollmation are 
Alsace, Bouche Peche Mansfield Moorpark, Ijossie Blenheim, Tilton 
Campbellfield Bathurst, Irevatt, Newcastle, and Rose de Vaucluse 
From results obtamed to date Moorpark seems to be the best parent 
variety for giving a useful range of seedlmgs while Trevatt cross 
bred seedhngs have bettei general quahty A Moorpark X Bouche 
Peche seedhng is being propagated for oichard tnal 
In Morocco work is bung earned on at the new State station at 
Am Taoujdat, especially designed for research m horticultural 
genetics New vinetics of high quahty are bemg sought for by 
hybndi/ation Ten distinct forms of native apncot (mochmech) 
have been studied comparatively smee 1934 for their value as stocks 
Supenonty has been shown by E F 136, 137, and 1 19 

Genetic and CYrouHSiCAC Studies With Apricots 
There is little published mformation dealmg with the genetics of 
hybnd progemes of apncot vaneties and species 

Cytological studies have been made at the agncultural experiment 
stations of New York and Cahfomia, and all apncot vaneties exam- 
med thus far have 16 os the diploid (2n) number of chromosomes, 
which is the number found m sweet cherry, peach, and some species 
of plum At the New York (State) Agncultural Exponmont Station, 
chromosome numbers in exceptionally vigorous seedhngs and also 
m abnormal seedlmgs from einbryo cultures have been counted, but 
m a total of about 50 cases no deviation from the re^lar diploid type 
was found Unsuccessful attempts have been made to induce poly 

Siem^n^airs, an^ ^plyi^ them to the stigmas of flowers Radiation 
experiments with stem menstem have also failed This work is 
beii^ contmued, and other methods to mduce polyploidy m apneots 
arebemg tned 

Cytological mvestigations are under way at the Cahforma station 
to detemime the true hybndity of the plumcots This is important 
m breedmg work, to detemune whether the characters in segregation 
will behave as true hybnds or whether they will behave separately 
as plums or apneots 
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Appeitoix (Apbioot) 


n the United Statet 


state or country and InstttuUon 

Location 

Workers actively engaged 

CaUfomla 

Agricultural Experiment Station 

U S^Oepartment of Agrtcolture 

1)0 

New York Agricultural Fiiieriment hta 

North Dakota 

Agricultural Experiment Station 

U 8 Department of Agncolture 

South Dakota Agncultural Experiment 
SuUon 

Utah ‘Agricultural Experiment Station 
New South Wales Department of Agri 
culture 

Morocco Experimental I abmatory 

Davia 

do 

PaloAlto 

Oeneva 

Mandan 

Drookinga 

Logan 

Sydney 

Ain Taoujdat 

W P Tufts E 0 Hughes 

J S King 

W F Wight 

R WeUington Olav Flnsrt 

A F k eager 

W P Baird 

N F Hansen 

t M Coe 

H Wenhols 

Cb Mieltyrreohl 


Year 

Seedlings 

planted 

Pirenf. 

Yew 
tf crow 

SeiMlIings 

Iirent, 

1J3I 

Number 

n 

674 

104 

230 

31 

2 

21 

6 

Tilton X MoorpvL 

Royal X Newcastle 

Royal X HemskU'ke 

Royil X Moorpirk 

Royal X Tilton 

Wenatchee Moorpark X Tilton 
Wenatchee Moorpark X Roy<il 
Uemakirfce X Tilton 

Hemskirke X Moorpark 

1932 ! 

1 

tm 

Number 

57 

22 

Royal X Orace 

St Ambroise X Tilton 

SI AmhroMe X Moorpark 
Peach X P I 3S2SI 

Pewh X TUton 

Wenatchee Moorpark X Oul 
bns Early 

Derby X Alameda Hemskirke 
Newcahlle X Peich 


149 

S3 

9^ 

1 m 

Hetsey Moorpark X Royal 
Blenheim X self 

St Ambrolae X Royal 

St Ambroise X Tilton 

St Ambroiae X Moorpark 

im 


Tree (22 1) X Peach 

Royal X Prunu* meuioerraea 
Pnnue mume X Royal 

Pnngle I ate X Rutrand plum 

^oot j j ^ ^ 


10 

1S5 

25 

Royal X Wenatchee Moorpark 
Royal X Oullins Early 

Royal X Alameda Hemskirke 



Lovell peach X Royal 


< Vcnflostioa ot the Doownelature u<wl in thia and the (dHowidk luta bos do( been posaibla in all oasea 

lh« Identity of a vanety rafemd to by a name of uncertain valluty no attempt baa 

. name Into conformity with tbe code of nomenclature, at it migbt later reeultln 


Apncot-Breeding Material at the California Aff%cullural Experiment 
Station, Dams, Calif. 


Prunus armentaca 
Alameda Hemskirke 
Alexander 
Alexia 
Bairam Alt 
Barry 
Beaugd ’ 

Bixant Royal 

Blackmon 

Blenheim 

Bluah 

Bolton 

Boulbon 


Prunus armentaea — Con 
Brady 
Breda 
Budd 

Burtons Royal Seedling 

B W MarshaU 

Cathanne 

Chinese 

Cluster 

Colorado 

Cream 

Cnsoroelo 

Cutler 


Prunus armenxaca — Con 
Derby Royal 
Di Breda 
Early Cluster 
Early Golden 
Early May 
Garlacli 

Giallo di Tortona 
Gibb 
Gilbert 
Great Plains 
Giffin Choice 
Orosse Pdche 



PrunuB armentaca — Con 
Grou Blanca Precooe 
Hams 
Henukirke 
Hersey Moorpark 
Janet 
Jones 
Kaleden 

Knobel Blenheim 
Lampasas 

Large Larly Mont 
garnet 
I ewis 


Luizct 

Mam noth White 

Maxson 

McKinley 

Meyer Giant 

Miner 

Mognaga 

Montgamet 

Moorpark 

Murf^h 

Nellie 

Newcastle 

New Large h arlv 

Nicholas 

Noble 

Oulhns Larh 
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PrunuB armtnxaea — Con 
Partioolare 
Paviot 
Peach 
P I 20072 
P I 28960 
P I 34265 
P I 34270 
P I 38281 
Pnngle 
Pnngle I ate 
Red Beauty 
Hi land 
Bivens 
Rivers Farly 
Routier Peach 
Roval 
Rualt 
hanta Fc 
Sardinian 
Sharpe 

Shense (Casaba Acme 
\ akimcuc) 

Sloan 

Smyrna 

Snowball 

Sophia 

Sparks Mammoth 
St Ambroise 
Stella 
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PrunuB armenxaca — Con 
Stephens 
Stewart 
Sugar 
Superb 
Tentazione 
Thissell 

Thompson Larlv 
lilton 
To>ahvale 
Trevatt 


Won" 


Zucchenno di Holub 
Prunus armtnxaea 
var ansu Maxim 
Apricot PI im 
PrunuB dasycarpa 
Black 
Flon/an 

fVuntMdasi/carpoNo 13 
PrunuB mu me 
Bongoiiine 
Double Flowering 
Japanese (P I ^523) 
PrunuB bngantxaea ViU 
PrunuB BthxTxea 


Apneot Hybrids Produced and Under Test at Palo Alto, Caltf , in Coopera- 
tion Between the United States Department of Agriculture and 
Leland Stanford Junior University 

Pwr PurealtofktSndt 

1923 Bergetti X Montgamet 

1931 (Bergetti X Montgamet 30 37 •) X (Blenheim X lilton 27 60) 

1934 (Bergetti X Montgamet 30-36) X Bremner 

1932 (^rgetti X Montgamet 30-36) X (Moorpark X Blenheim 28-62) 

1923 Blenheim X McKiiilev 

1935 (Blenheim X McKinley 27-21) X (Blenheim X Mooriiark 12-68) 

1920 Blenheim X Moorpark 

1932 (Blenheim X Moorpark 12 66) X Japanese seedling 26-19 

1932 (Blenheim X Moorpark 12 69) X (Si>arks X Blcnheun 37 60) 

1935 (Blenheim X Moorpark 12 68) X 76222 funis 27 70 

1936 Blenheim X (^rdinian X Roval 37 66) 

1923 Blenheim X Tilton 

1984 (Blenheim X Tilton 27 60) X (Bergetti X Montgamet 30 36) 

1933 (Blenheim X lilton 28 6) X (Blenheim X Moorpark 12 69) 

1984 (Blenheun X Tilton 27 60) X (Blenheim X Tilton 28 6) 

1984 (Blenheim X Tilton 28-7) X (Blenheim X 28954 13 26) 

1932 (Blenheim X Tilton 27 47) X Bremner 

1931 (Blenheim X Tilton) X Hcmskirke 

1985 (Blenheim X Tdton 28 6) X Japanese seedhng 20 18 

1932 (Blenheim X Tilton 27 50) X (Moorpark X Blenheim 2S 52) 

1932 (Blenheim X TUton 28-6) X (Sparks X Blenheim 87 60) 

1933 (Blenheun X Tilton 28-7 X (Blenheim X lilton 27 60) 

1934 (Blenheun X Tilton 27 60) X (34272T2 X Blenheim 12 51) 

1921 Blenheun X 28964 

1934 Bremner 9-27 X (Blenheun X 28964 13 26) 

1983 Cmo 13 6A X (Blenheun X Moorpark 12 69) 

ae refw to row and trM locat on of the p rent 
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1924 “Crow apncot Becdling” 

1920 Prunua daayearpa X Blenheim 

1927 Giallo di Tortona X Moorpark 

1932 Giallo di Fortona X (Moorpark 9-16 X lapancse) 

1933 Hemskirke X (Blenheim X Tilton 27 60) 

1935 Japanese seedling* 26-18 open 27-34C X (Blenheim X Moorpark 12-68) 
1935 Japanese seedling 26-18 X (Sardinian X Royal 37-66) 

1923 Luuct X Moorpark 

1931 (Luirct X Moorpark 28 39) X Blenheim 

1923 Moorpark X Blenheim 

1931 (Moorpark X Blenheim 28-62) X (Blenheim X Moorpark 12-66) 

1932 (Moorpark X Blenheim 28-42) X (Blenheim X Tilton 28 6) 

1935 (Moorpark X Blenheim 28-62) X (Sardinian X Royal 2 25 37 66) 

1923 Moorpark X Tilton 

1934 (Moorpark X Tilton 28-13) X Hembkirke 

1933 (Moorpark X Tilton 28-12) X (Moorpark X Blenheim 28-62) 

1921 Moorpark X P 1 28964 

1932 (Moorpark 15-28 X P I 28964) X Brcmner 
1032 Newcastle II 27 16 X Tapatiese seedling 
1923 Royal X Blenheim 

1933 Royal X (Blenheim X Tilton 28-61 

1936 Royal X Japanese seedling 26-13 
1923 St Ambroise X Luizet 

1931 Sardinian X Japanese seedling 

1925 Sardinian X Royal 

1926 Sparks Mammoth X Blenheim 

1936 (Sparks Mammoth X Blenheim 37-69) X (Blenheim X MooriJark 12-68) 

1932 (Sparks Mammoth X Blenheim 37-69) X Brcmner 
1923 iSlton X Moorpark 

1933 (Tilton X Moorpark 30-23) X (Blenheim X Tilton 27-48) 

1933 Tunis 27 7A X (Moorpark X Blenheim 28 62) 

1920 P I 34272T2 X Blenheim 

1932 (P I 34272 X Blenheim 12-60) X (Sparks Mammoth X Blenheim 37-60) 

Apncot Breeding Material at the New York {Stau) Agricultural Lxpenmtnt 
Station, Geneva, N Y 

Cnscmelo seedling, P I Ispharak Kandak (Rus Rittenhonse 
34269 sia) Sehik Usliekistan (Bus 

Geneva Murgab (P I 32834) sia) 

Henderson MuUa gadai (Russia) Toyahvalc 

Paviot (Germany) Unganshe 
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IMPROVEMENT OF SUBTROPICAL 
FRUIT CROPS: CITRUS 


HAMILTON P TRAUB, Senior Horticulturist 
T RALPH ROBINSON Senior Physiolo- 
gist Division of Fruit and Vegetable Crops 
and Diseases Bureau of Plant Industry 

M ore than half of the 13 fruit crops known to have been cultivated 
longer than 4,000 veara,accordii^ to the researches of De Candolle 
(ty, are tropical and subtropical fruits — mango, olive, fig, date, 
banana, juiube, and pomegranate The citrus fruits as a group, the 
lychee, ana the persimmon nave been cultivated for thousands of years 
m the Orient, the avocado and papaya were important food crops 
m the American Tropics and subtropics long before the discovery 
of the New World Other types, such as the pmeapple, granadilla, 
chenmoya, jaboticaba, etc , are of more recent mtroduction, and some 
of these have not received the attention of the plant breeder to any 
appreciable extent 

Through the centimes preceding recorded history and up to recent 
tunes, progress m the improvement of most subtropical frmts was 
accomplished by the tnal-enor method, which is crude and usually 
expensive if measured by modem standards With the general accept- 
ance of the Mendehan principles of heredity — umt characters, domi- 
nance, and segregation— early m the twentieth century a startmg pomt 
was provided for the development of a truly modem science of genetics 
In this article it is the purpose to consider how subtropical citrus 
frmt crops have been unproved, are now bemg unproved, or are likely 
to be improved by scientific breeding Each of the more unportant 
crops wiU be considered more or less m detail Before proceeding 
to these considerations, however, it is desirable to define the provmce 
of subtropical fruit culture and to take a glance at the economic un- 
portance of the subtropical fruit mdustry 
The region wheie subtropical frmts art produced, as the name 
mdicates, is between the true Tropics, where frost never occurs, and 
the temperate region, where normally the temperature often falls 
below freezmg and stays below for a considerable part of the wmter 
season In tnis intermediate remon the temperature occasionally 
goes below freezmg but not as a rule below 26° F , so that when neces- 
saiy the trees can be econonucally protected by artificial means 
Because of the influence of large bodies of water, the protection of 
mountam ranges, or plantmg where the topo^phy mves Mod air 
dramage, this type of region may be extended as ^islands” con- 
sideramy beyondf the usual subtropical region 
The tih>es of fnut crops grown meige mto those of the true Tropics— 
citrus, avocado, mango, etc — and no hard and fast division can be 

1 Italic min^ In parentheses refer to Litcratarc 0 ted p 80# 
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drawn on the basis of fruit types except that forms possessing lesist 
ance to low temperature are of major importance in the subtropics 
Diverse types are cultivated, of which the faraihar citrus fruits are 
among the most outstandmg, followed by the pineapple, fig, olive, 
avocado, date, persimmon, mango, papaya, guava, pomegranate, 
lychee, granadiUa, chenmoya, loquat, lujube, and other nunor types 
In the United States some of the crops, notably citrus and 
avocado, have become staple dessert and salad fruits Others, 
notably the date and the fig, are used primarily as confections 
The olive is used m preserved form or for oil Some of these 
fruits were recognized os important sources of indispensable vitamms 
even before the true function of these chemical regulators was 
fully understood Lames, for mstance, have long been included by 
the British as a regular part of the diet of seimen as a preventive 
of scurvy Dunng the recent Ethiopian campaign, the entire Itahan 
export crop of lemons was reserved for the army of mvasion, and 
it 18 reported that deficiency diseases were at a minimum Besidt s 
the citrus group, pmeapples, papayas, dates, avocados, mangoes, 
and other subtropical fruits are known to be unusually high m 
vitamins 

Some of these fiuite. for example the mango and the papaya, are 
extensively cultivated but pnmariy for lo<al consumption ITiggins 
and Holt (30, p 17) remark ‘ Excepting the banana there is no fruit 

f rowm m the Hawaiian Islands tliat means more to the people of this 
'emtory than the papaya, if measured m terms of the comfort and 
enjoyment furmshed the people " This applies to the papaya m 
other tropical countries as well to the avocado in Central Amciua 
and the West Indies, and to the mango m India, southeastern Asia 
Malaya, Puerto Rico, and the West Indies in general 


OUTSTANDING m the story of citrus fruu improvement itas 
the work of A. D Shamd, of the United States Department of 
Agriculture, and his coworkers, m studying bud mutations. In 
the past 18 years, probably 10 million buds of superior strains 
of the Washington Navel orange, the Valencia orange, the Marsh 
grapefruit, the Eureka lemon, the Lisbon lemon, and mtscdlaneous 
citrus vanaies have been sold to California growers alone as a 
result of this work. Two specud strains produced fairly recently — 
the Robertson Navd orange and the Dawn grap^ruU — are now 
being widdy distributed and seem to have great promise. In 
addition, the intensive study of bud mutations, backed by careful 
statistics, was important in teadiing growers to keep a dose 
watdi for brandies mutating toward poor types, so that they could 
be diminated from the orchard. 




CITRUS FRUITS 


751 


The subtropical fruit productioii regions in the continental United 
States are indicated in figure 1 The annual farm value (1934 36) 
of the chief subtropical fruit crops grown in the United States for 



Figure 1 — Cilrufl produ/cirg arras of tlie U ilrd Stales S 1 d Hack lenotes areas of 
commercud production f sweet and langrnne ranges gra| efruit or act i citrus fruits 
(lemons or limes) Shading den les arras { roduring salsuma oranges or minor quanti 
ties of other citrus fruits Thi dotted b undary hues indicate the aiproumate 
northern hmits of the three subtr 1 1 al crop regions (1) Southeastern hunud (2) central 
imgalcl a d (?) s uth rstern irrigated 

which figures are avaihble — citius fig olive avocado and date — 
amounts to approxunately $140 000 000 distributed as follows 
Citrus fnuts $115 000 000 fig $1 706 000 ohve $1 260 000 avocado, 
$959 000 date $390 000 

The distnbutioii of the total leturu for citrus fruits m the Umted 
States m 1934 is given in table 1 

Taui b 1 ( itriu j rodn lion in the I nited Slites I93t 


[Fr n 1 e Un ted S ate D I nr nenl (Art 1 ure Agr c Itural 8 at st cs or] 
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LARLY HISTORY Of CIIRUS fRi/ITS 
The citrus fruits os a class are native to soutlieastem Asia — eastern 
India, Indo-China, southern China, the Philippines— and here they 
were first brought under cultivation A monograph on the oranges 
of Wenchow, Chekiang, Nan Yen-Chih s Chu Lu, composed m Chma 
during the period 1174 to 1189, is the earhest treatise on citrus cul- 
ture extant (26) Even at this early date three horticultural groups 
of oranges were recognircd and the total number of vaneties listed 
was 27 

Although theie are a doisen or more types of citrus fruits, only five 
or SIX are of major importance from a commtrcial stondpomt The 
most important of these grown for fniits are the sweet orange, Oiirus 
szneims (L ) Osbeck, the grapefruit, C gtandis (L ) Osbeck*, the acid 
citrus fruits, includmg the lemon, C hmtmia Osbeck, and the hme 
C aurantijma (Chnstm ) Swingle and the mandarm orange group 
includmg the tangenne orange, C nobthi vit dehciom Swmgle, and 
the satsuma orange, C nolnlia \ar unshiu Swingle Other types 
that are of importance mainly as rootstocks are the sour or Seville 
orange, C auranfmm L the rough lemon, <7 limonia Osbeck, and 
the tnfoliato orange, Ponatus tr^oliaia (L ) Raf In some foreign 
countnes the sour orange, the pummelo (<7 grandv>)j* and tlie citron 
\C medica L ) ire of relatively greater commercial importance than 
m the United States 

From the Orient the vaiious types and vaneties spread to other 
paits of the world along the trade routes The citron reached the 
Meditenontan region at an early date, as it is mentioned by 
Theophrastus The sweet orange was appuently not introduced 
into Europe until the early fifteenth century The sour orange 
reached Spam by way of northern Afnca The lemon and the hme 
were apparently mtroduced into Europe about the same time as the 
sweet orange, and several vaneties are desenbed by f erranus and 
other wnters Lemon culture hrst became important m Sicily, 
Corsica, Genoa, and other parts of southern Europe 

On his second voyage to the New World m 1493 Columbus stopped 
ofiP for 2 days early m October at Gomera, Grand Canary Island, 
where he purchased livestock and fruit and v^etable seeds, among 
which were “seeds of oranges, lemons, and citrons ” He reached the 
island of Hispaniola on November 22, 1493, and m the course of 
establishmg a colony he “set out orchards, planted gardens” (40) 
The histoncal records of mtroduction to other parts of the Amenoas 
have not been exhaustively searched, but citrus fruits were estab- 
hshed at St Augustme, eastern Florida, by 1679 {Ig) and m Peru 
before 1691 {Sg) They were mtroduced mto southern California m 
1769 by Franciscan monks at San Diego (43), and there were undoubt- 
edly many similar mtroductions mto Brazil, Mexico, and other 
regions settled by the Spanish In Florida the sour orange, and to a 
lesser extent the sweet orange and the hme, escaped to the ^d 

It 18 now known, however, that the so-called ‘ wild hme groves” 
on the lower east coast keys of Florida were in fact planted out by 
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Hen^ Pemne, to whom in 1838 Congrera had granted a tract of land 
6 milea square on Bisoavne Bay for the establishment of economic 
tropical plants Before his death in the Indian Key massacre of 1840 
he had estabhshed a nursery of upward of 200 species and selected 
varieties of useful tropical plants (53) 

REGIONAL CHARACTERISTICS IN THE UNITED STATES 
COHUEBCIAL Citrus growmg m the Umtcd States presents stnkmg 
contrasts, due primarily to climatic conditions m the mmn centers of 
production (fig 1) In Flonda at an early date the sweet orange, the 
tangerine orange, and the grapefruit found a congenial homo, m 
California the sweet orange and the lemon have proved the basis for 
profitable mdustnes, with grapefruit secondary m importance 
Texas and Arizona have more recently come mto the picture, especially 
for grapefruit production 

Differences m vanoties and seasons of maturity are likewise m sharp 
contrast In Cahfomia two vaneties of oranges, the Waslungton 
Navel and the Valencia, furnish fruit matunng from November to 
November, a year-round shippmg season In Ilonda three or four 
sweet orange vanoties, together with scedlmgs are generally required 
to give a shipping season from October to May In California 
lemons are more or less everbearing, affording a supply throughout the 
year The Flonda and Texas grapefruit crops mature practically 
durmg the same season (the fall and wmter months), the Cahfonua 
and Arizona crops commg m somewhat later biimlar contrasts are 
to be noted vntn the rootstocks used in these regions Those and 
other r^onal contrasts will be discussed more m detail later 

Thus It will be seen that because of differences m climate and m 
vanety adaptation, citrus fruits, with their highly important vitamins, 
are avadable to the Amencan (onsumer throughout the entire year 
In general it may be said that grapefruit has been Amonca s chief 
contnbution to citrus culture, its recognition in Flonda as an appe- 
tizmg breakfast fruit gradually changmg this cunosity of the citrus 
fam^ mto a fomudablo nval of the sweet orange m the national 
dietaiy Southeastern Humid Region 

In the southeastern humid subtropical trops region, citrus develop- 
ment began m eastern Flonda in the vicimty of St Augustme and along 
the Inchan River and m north-central Honda in the general vicmity 
of Palatka and Ocala as far south as Lake Monroe On the west 
coast of Flonda the development took place m the vicimty of Tampa 
Bay and southward The outstanding pioneers m the mtroduction of 
citrus vaneties durmg this penod (1870 95) were E H Hart (hg 2), 
H S Sanford, and Lyman Phdps By the 1880 s the industry in 
northeastern Honda was fairly important, but m the wmter of 1894- 
96 it was practically wiped out by two severe freezes, and the center of 
the mdustry was moved farther south to the central ndge section and 
the southern coastal areas, where most of the citrus growing is now 
located Today the mdustiy is based primarily on the sweet orange, 
grMefruit, tangenne, and hme , 

On the upper Gulf coast a citrus mdustiy was estabhshed m the 
Delta distnct south of New Orleans, based pnmanly on the sweet 
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orange. Satsuma growing along the St. Johns Biver and near Jack- 
sonville began about 1900, spreading thence westward — ^because of the 
cold resistance shown by this type during the 1894-96 and 1899 
freezes — to the Gulf coast region in western Florida, Alabama, 
Mississippi, Louisiana, and Texas. 

The early plantings of sweet oranges made in various parts of 
Florida conasted primarily of 



and it was only later that the 
practice of budding improved 
varieties was gradu^y adopted 
with the intr^uction of meri- 
torious early^ midseason, and late 
sorts, beginnmgin the late ISTO’s. 
Smce the citrus tree is relatively 
long-lived, the seedling ^ves, 
producing fruit mostly midseason 
in matunty\ are still an important 
factor in iHonda, and they pro- 
duce approximately 30 to 40 per- 
cent of the State’s total midseason 
sweet orange crop. However, 
budded varieties of recognized 
merit have been used mmost 
entirely in new plantings and re- 
placements for the last 40 years. 

Grapefruit first attained com- 
mercial i^ortance in the United 
States. 'This was between 1880 


Figure 2.— Edmund H. Uart (1839-98), 
recognized aa a skilled bortkultuiiBt and a 
pioneer in Florida citrus cniltnte. His 
name is chiefly associated with the Hart’s 
Late or TardifT orange, now called Valencia, 
which he first brought to fruiting and 
introduced into general use in Florida dur- 
ing the 1870’b. 

The lemon and the lime, which wt 


and 1885, when the first grape- 
fruit were shipped from Florida 
to the Philadelphia and New York 
markets. In Florida the industry 
received a set-back on account of 
the freeze of 1894-95^ but it 
gradually expanded again, reach- 
mg a peak by 1929. 
re classed together in early times. 


and settlers. The everbearing and rough lemons wore among the 
early introductions into Florida, and the latter had escaped to the 
wild by the time permanent settlements became common. 

Prior to the great freeze of 1894-95 the lemon industry of Florida 
was of considerable commercial importance. During the year pre- 
vious to the freeze the annual shipments amounted to 140,000 boxes 
of lemons. Up to the present the industry has not been rebuilt, but 
recently attempts have heen made to reestablish it. Limes are grown 
in southern Florida, chiefly on the keys, in Dade county, and m the 
south-central ridge section. 

The mandarin oranges include the E^ing, tangerine, and satsuma 
types. The tangerine was introduced into Europe from the Orient 
during the first half of the nineteenth century and was produced on 
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a commercial scale m Italy as early as the 1840 s It was mtroduced 
into Louisiana between 1840 and 1850 and later was brought to 
Flonda, where it is grown as a fancy fruit to a greater extent than m 
California or Texas Another member of this group the satsuma is 
outstanding m beuig the most frost hardy of all the larger fruited 
citrus types It is grown primarily m the upper Gulf roast region, 
with the chief center of produc- 
tion m western Flonda and south 
em Alabama and Mississippi 

Southwestern Irrigated 
Region 

In the southwestern irrigated 
subtropical crops ngion a citrus 
mdustry has been established in 
Cahfomia pnmanly in the south 
em coast and mtenor valley sec- 
tions In the southern coast 
section the mdustry is based 
almost entirely on sweet orange 
and lemon, and m the mtcnoi 
valley section on sweet orange 
and grapefruit An extension 
into the irrigated section of 
Arizona occuri^ later, founded 
primarily on the grapelmit 

Citrus seeds were disseminated 
from other parts of Mexico ti 
the peninsula of Baja (Ijowcr) 

Cahfomia probably m the early 
1700 s, and later, m 1769 were 
mtroduced to Alta (Upper) Cali 
fomia by I ranciscan mission 
anes vho established a chain of missions for 400 miles along the coast 
Accordmg to Coit (if), the earljy settlers secured orange trees from the 
missions, and a number of small plantmgs were found m private gar- 
dens m the 1830 s and 1840 s m the vicmity of Los Angeles These 
early plantings stimulated further interest and in 1857, trees wore 
plantea at old San Bemanlmo and Highlands, m 1865 at Crofton 
and m 187 1 on land now occupied by the city of Riverside T A Garoy 
(fig 3), of Los Angeles, the outstanding nurseryman of that time, im 
ported laigo numbers of important varieties dunng the penod 1868 to 
1875 His mtroductions were apparently from I* londa Australia, and 
southern Eurtme, as well as from Ellwanger & Barry, of Rochester, N 
Y , and Sir Thomas Rivers, of Sawbndgeworth, England In the 
southern and central parts of Cahfomia the mdustry was only of loctd 
importance until ^ter the completion of the Southern Pacific Railroad 
m 1876, when the first carload of frait was shipped to St Louis, Mo , 
arriving m good condition after a month m transit 

The grapefmit mdustry m the Southwest — California and Arizona — 
began after the mtroduction of the Marsh vanety m 1890, the plant- 
ings of other varieties previous to that time did not prove profitable 
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Great success in lemon culture has been acMeved in California, 
particularly in the southern coastal region, which produces a large 
proportion of liigh-ptioed summer fruit. 

Central Irrigated Region 

In the lower Eio Gninde Vtdley of Texas, in the central irrigated 
subtropical crops region^ an industry has been established based 
pnmanly on the grapefruit and to a lesser extent on the sweet orange. 

As early as the middle of the 
last century scattered plantings 
of a few citnis trees could be 
found along the Texas Gulf coast, 
particularly from Victoria Coun- 
ty southward to Brownsville on 
the Rio Grande. Experience 
had demonstrated by the begin- 
ning of the twentieth century 
that regular citrus crops could 
not be expected in the region 
above the lower Rio Grande Val- 
ley, on account of damage from 
low temperature (48). In the 
lower Rio Grande Valley -Cam- 
eron, Hidalgo, and Willacy 
Counties— the development of 
the industry may be grouped 
into three periods. (1) Up to 
1899 citrus fruits were grown for 
home use and no particular at- 
tention was given to the subject 
of rootstocks. Seedlings and 
budded trees were planted 
During this period, in 1869, the 
trifoliate orange was imported 
from northern China by WiUiam 
Saunders, of the United States 
Department of Agriculture, and 
it was used to some extent as a 
rootstock. (2) The resistance to frost shown by trees budded on tri- 
foliate stock during the severe freeze of 1899 led to the extensive use 
of this stock during the following decade (87). Although the stock 
was valuable from the standpoint of frost resistance and encouraged 
. the pioneer growers to make further attempts, it had the serious de- 
fects of dwaAng the scion variety and of being itself subject to foot rot 
and cotton root rot (77). (3) The observations of some of the out- 
standing pioneers, Charles J. Volz^arry Banker, J. R. Robertson, F. 
E. Elliot, Max Melck, and A. P. W^ht, beginning after 1900, made 
possible the growing of citrus fruits in commercial quantities. 

Charles J. Volz (fig.^ 4), from Indiana, settled near Mission in 
Hidalgo County, Tex., in 1905. He began the planting of citrus in 
1908 and dearly demonstrated the superiority of the sour-orange 
rootstock under the lower Rio Grande Valley conditions. Harry 



Figure 4.— Cli«rle» J. Voir, pioneer Texaa 
dtrus grower since 1908, who demonstrated 
the value (d sour-orange rootstock for citnis 
in the lower Rio Grande Valley of Texas. 
This demonstration proved to be a turning 
point in the development of the citrus 
industry in that section. 
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Banker, from Oklahoma, who settled near Brownsville, m Cameron 
County, secured similar results with the sour-orange rootstock 
begmnmg m 1910 (87) With the solution of the rootstock problem 
the mdustiy showed at first gradual and later rapid devdopment 
The citrus shijpments from tlua section, consisting mainly of grape- 
fruit, had reached 13 cariota in 1921 and mcreased to more than 6,000 
carlots annually by 1931 Yields were cut down as a result of hum- 
cane damage in 1933 and damage due to low temperature m 1933 34 
and 1934-36, but the crop of 1936-37 reached a total of over 16,000 
carlots Fortunately for this new mdustry , the seedless type of grape- 
fruit (Marsh variety and its pmk-fleshed mutations) has been most 
heavily planted m Texas, and this has doubtless contributed to its 
favorable reception m many markets 

HAWAII, PUERTO RICO, AND THI PIIILIPPINI S 

The sweet orange was mtroduced mto Hawaii in 1792, and many 
citrus vaneties have been cultivated there for over 100 years (64) 
The climate is well adapted to citrus culture, but for commercial pro- 
duction the situation is complicated by the presence of the Mediter- 
ranean fruit fly, which hnuts production to local needs 

While citrus fruits, especially the sweet orange, have been grown 
m a semiwild condition m PSierto Rico for perhaps 3 centunes, 
commercial plantmg did not b^:m until about 1900 The first plant- 
mgs were laigely of Florida orange varieties, but these were soon 
largely discarded m favor of grapefruit (89) The vaneties most 
commonly grown are the Duncan and the Marsh For buddmg stocks, 
rough lemon, sour orange, and seedlmg grapefruit have all been suc- 
cessfully used, the rou^ lemon bemg favored for rapid growth and 
early production and especially for the hghter grades of sod Wmd 
damage has caused freouent losses of trees and fruit and has directed 
attention to the use of such plants as bamboos and casuarmas for 
wmdbreaks 

Owing to the fact that the trees bloom intermittently, Puerto Rico 
IS enabled to s^p grapefruit over a long season, a summer crop often 
matunng from a previous fall bloom Production for several years 
past has averaged about a milhon boxes, of which approximately 26 
percent is marketed as canned grapefruit Puerto Rico is credited 
with havmg imtiated the cannmg of grapefruit ‘ hearts”, a product 
that has grown rapidly in favor and nas made grapefrmt available 
at all seasons and m many localities where fresh fiuit seldom is 
offered Orange shipments from Puerto Rico, amountmg to a half 
milhon boxes m good seasons, consist largely of so-called “wild 
oranges”, which come m a considerable measure from seedhng trees 
cultivated as shade trees on coffee plantations 

In the Phihppmes citrus fruits have been ^wn for centunes, 
forms of Chirua hystru DC (kalpi) C mitis Blanco (calamondm), 
and C grandta (pummelo) being native to the islands It is only m 
recent decades, however, that attention has been given to mowing 
the fruit commercially Wester (88), begmnmg about 1910, brought 

X ther an extensive collection of citrus vaneties at Lamao, few of 
sh proved adapted to Phihppme conditions The mandarin 
oranges as a class nave proved best smted to commercial culture. 
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and a local variety known as Batanms mandarin is being grown on a 
considerable scale chiefly for the Manila market. The Batangas, 
the King, and the Szinkom mandarins, several pummelo varieties — 
including the Siamese — and the Valencia orange constitute most of 
the recent plantings. Genetic studies and hybridization work have 
been inaugurated by Torres, and one hybrid varietyj Szinbat (Szinkom 
X Batangas), has been introduced It is characterized as productive, 
of good quality j and resistant to wind injury Further breeding amt 
selection work is in progress, special studies being m^e of polyem- 
biyony — to be discussed later — ^in scion and stock varieties 

BREEDING MATERIALS 

The citrus breeder is concerned with two kinds of plant materials 
within the Rutaceae — the citrus group proper, contaming the types 
closely related to the widely known sweet orang^ and various species 
in genera somewhat less closely related The first or citrus group 
contains all of the valuable ty^pes cultivated for their fnuts or used 
as rootstocks, and the second is of value in some instances as stocks, 
as breeding material, and in furnishing a clue to the evolutionary 
development of the branch of the Rutaceae to which the citrus fruits 
belong 

The citrus group proper is characterized by great diversity in 
morphological characters, and this has led some systematic botamsts 
to the multiplication of species The classification of Swingle (68), 
however, is conservative, has been widely accepted, and is usm in this 
report The only exception made is in the case of (htrus prandis, 
where it has been nece^ry to recognize two varieties besides the 
type species.® The horticultural differences in a number of cases are 
so great, as will be pointed out in the discussion of dessert quality 
later, that the single type designation is quite inadequate. 

The foUowing types commonly grown for their fruits or as root- 
stocks are in the three genera Ciirua, FortuneUa, and Pondnis: 

Sweet orange, CUrua stnetutf (L ) Oslieck 
Sour orange, C. auratUtum L 
King orange, C. nobxlu Lour 

Tangerine orange, C nobiha var dehcioia (Tenorc) Swingle 
Satsuma orange, C nobtltt var unshtu (Mak ) Swingle 
Shaddock, C grandxs (L ) Osberk 
Grapefruit, C. grandw. 

Pummel^ C grandta. 

Citron, C meduM L. 

Lemon, C Itmonia Osbeck 

Lime, C. awantxfolxa (Clinstm.) Swingle 

C xc^ngenxxa Swingle 

Kalpi, C hyatnx DC 

Calamonduu C mxtxa Blanco 

Kumquat, FortuneUa spp 

Trifoliate orange, Poncxrua trxfohala (L ) Raf. 

The citrus breeder is fortunate in possessing material that presents 
so many diversities — ^in dessert and keeping quality, season of ma- 
turity, resistance to disease, and r^onm Captation. All of these 
will be developed in detail in the follovd^ text, but the dessert quality 
of the types will be discussed at this point. 
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Charactfr and Uses op thf Truits 
Some of the fnuts hsted above — sweet orange, grapefrmt, lemon, and 
lime — have become well known to northern readers and need to be 
only bnefly differentiated, a few, however, are httle known and will 
require more detailed descriptions In general it may be stated that 
the taste quahties of mature citrus pulp and imee are dependent on 
various combmations of sugars, acids, glucosicles, esters, and peel oil 
The first two, the sugais and acids, are the basic matrix and give 
vanations from sour through tart, sweet, and msipid, and the latter 
contribute bitter and aromatic principles The bitter prmciple, fur- 
mshed b^ glucosides, is apparent only if it is in solution m sufficient 
amount m the juice (5, 78, 79) This is iionnally not the case except 
m such types as gi ipefniit and hme The aiomatic quahty contnbuted 
by peel oil is important m some cases 

In most commercial varieties of sweet orange the sensation of sweet- 
ness predommates, combined with a slightly perceptible tartness In 
)st vancties the quahty contnbuted oy esters is slight, but in such 
vaneties as Rneapple the suggestive “pmeapple” ester is outstanding 
In the mandarm orange or free-pcehng group, the tangenno oranges 
are characten/ed by the pleasant “tang which is due to esters The 
Kmg and satsuma oianges in this same group have taste qualities 
similar to those of the sweet oran^ 

In grapefrmt the bitterness of the glucoside nanngin gives the 
spnghtlv taste added to the mild acidity that makes the fnut out- 
standmg as a breakfast appetizer 

The pummelo, as distmguished from the sour shaddock, is used 
only as a salad fruit The large juice sacs are separated from the 
locular wall tissues and are served hke any other salad The flavor m 
the better vaneties is due to a very slight acidity and the presence of 
only a very little glucoside, but it is predominantly sweet, and m- 
imitable quahty is contnbuted by esters 

In lemon and hme, acidity is of first importance A good acid 
citrus fruit, as pomted out by Traub and Robinson {80), should have 
from 6 to 7 percent of acid In hme the characteristic glucoside, which 
has not been studied m detad, lends the “hme” taste The peel oil of 
lemon and lime also gives desirable quahties 
The citron is used entirely as a preserve The kumquat is used both 
m preserving and in table decorations It is also eaten entire, out of 
hand Two general types are recognized, sweet and sour, m both of 
which the nnd has httle of the pungent od common to most citrus 
fnuts 

In the case of hybnds, intermediates have m some instances been 
secured, especially m the tangelo oranges — hybiids between the grape- 
fnut and tne tangenne orange In these hybnds, as a rule, the esters 
are predonunant m distinguishing the flavor of the new frmts from the 
common sweet orange In the Pemne lemon, a hybrid between the 
lemon and the hme, there is a mdd suggestion of the hme glucoside 
When hybnds between citrus species first appeared it was custom- 
ary to apply vanous compound names, such as tangelo, tangor, 
oranguma, lunelo, lemelo, etc , to mdicate the parentage It was 
soon realized that this would lead to confusion from the horticultural 
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viewpoint, since some crosses gave nse to more than one horticultural 
or market type The grapefruit tangerine cross (tangdo), for in- 
stance, gave nse to forms like the now generally knovm tangelo orange, 
and alro vancties that resemble the giapefruit m structure and juice 
quahty but with the nnd, flesh, and seed color of the tangenne A 
stnct application of the term ' tangelo ’ would have mcluded both of 
these forms The difficulty was overcome by the decision to place 
hybnds for pui poses of hoiticultuial classification with the well-known 
types that they most resemble, and to use the mtei species compound 
designations only m their scientific application On this basis most 
of the tangelos already mtioduced, bemg more like the sweet orange 
m structure and use, were designated as a group of the sweet orange, 

S iBsessmg relatively high quality with sMcial reference to a pleasmg 
endmg of esters, sugars, and acids Such a class would naturally 
contain also such hybrids as the Umatilla (oranguma) a cross between 
the sweet oiange and satsuma oiango, but very smiilar to the other 
tangelo oranges, and also the Temple, apparently a naturally occurnng 
hybrid between the tangenne and a giapcfiuit vanety similar to the 

Representatives from a gieat number of related genera, Olycomih, 
Claucena, Chaleos, Feronta, teromella Aeqhpsis Aegis, Smnglea 
(Cha^tospermum), BalsamocnJtrus, Latanga, Ih'^perethu'ia, Tnphasm, 
Sevenma, Citropsxs, Atlantia FremoeUrus, and Miuoatms, have been 
introduced by the United States Depaitment of Agnculture durmg 
the last 25 years These are hsted in table 6 in the appendix Some 
of these may prove of value m citius breeding and as rootstocks 
Although certain species have entered to some extent mto hybndiza- 
tion work, no hvbnds of immediate value have been secured up to 
the present The matenal however is valuable to the breeder from 
another standpouit for it presents an onpoitumty for an evolution- 
ary approach to the study of relationships within the group 

GENERAL TRENDS AND PROBLEMS 
The early history of citnis improvement m the Umted States is con- 
cerned almost entirely with the mtioduction of varieties from other 
citrus-producmg regions, mainly through piivate mitiative This 
period extended to the 1870 s m this country Toward the end of the 
mneteenth centuiy, m the Umted States, the number of vaneties was 
mcreased by the addition of those ongmatmg as chance seedlings and 
possibly by bud mutations acadenuy propagated Still latOT, im- 
proved types appeared as the result of artmcial cross-pollmation 
Breedmg work was undertaken by the Department of Agriculture m 
1892, and the the State agiicultural experiment stations m Ctdiforma 
m 1910, m Florida in 1924, m Alabama m 1933, and m Texas m 1934 

Problebis Peculiar to Citrus Breeding 
The breedmg of citrus fruits presents two problems not met with 
m the case of the usual annual crops such as grams, which can be 
grown m great numbers on a relatively small area at Hmall expense 
First, as a rule it takes from 6 to 10 years to frmt a seedlmg citrus 
tree unleea the vanety is top-worked on an older tree, m which case 
the tune will be cut m half The trees are expensive to produce and to 
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teat out m orchard formation on vanous aoil types and under various di 
matic conditions It is necessary therefore to plan breeding expen 
ments so that onlyprogenyare grown thatpromisevanetiesofunmediato 
value or additions to the knowledge of citrus genetics With such 
a handicap the work 


has not progressed at 
a very rapid rate 
Theothordifficultyis 
due to thephenomenon 
of polyembryony — 
meamng several em 
bryos per seed CGg. 6) 
In the case of plants 
reproducing bv seeds 
each single seed as a 
rule gives nse to one 
scedlmi, which is the 
result of the union of 
the male gamete fre 
productive cell) con 
tnbuted hy the pollen 
gram and the female 
gan ete (egg cell) con 
tamed in the ovary of 
the flower In each 
of these gametes the 
number of chromo 
somes has been nor 
maUy reduced by half 
pieparatorv to repro 
du(tion (the haploid 
n imbor of chromo 
somes) and the umon 
of the two results in a 
complete complement 
of chromosomes called 
the diploid number 
which is characteristic 
of aU of the body cells 
of the mdividual plant 
as distinguished from 
the sex cells In the 
case of the citrus seeds 
however a normal em 



F gure 5 Nucellar embcyony in cilnu showing four 
seedlings sprontuig from single seeds (McCarty grape 
fruit) A One Tigorous seedbng and thrae relativdy leas 
vigorous B fonr vigorous seedbngs C similar to /I after 
separaUon (See aim &g 17 sboinng cytological details ) 


bryo produced by the 

umoi of the male and female gametes may be present and m addi 
tion one or more — sometimes as high as 15 — additional embryos 
that have arisen from projections mto the embryo sac of the sur 
roundmg maternal tissue (nucellar tissue) When these projections 
develop mto embryos they have the full chromosome complement 
(diploid) of the mother plant without the union of two gametes 
^trus types and varieties may vary greatly m the number of nucellar 
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embryos produced Seedhngs that dev elop from nucellar embryos are 
callea apogamic seedlings (literacy, ‘ without mamage ) 

Unless the parents have unlike vegetative characters, it is not pos- 
sible to distinguish the sexuallv produced or hybrid embryo from 
those that anse by nucellar budding, though m the latter, of course, 
only the characters of the female parent will appear This means 
that a great many more seedlings must be grown to the point where 
they can be distingmshed than in the case of crops producing only 
normal or seminal seedhngs Citrus breeding, therefore, will con- 
tmue to be even more costly than ordinal y tree-fnut breemng unless 
a method can be worked out to achieve practual control of nucellar 
embryony 

Thus it IS natural to expect relatively slow progress The results 
from cross-pollination followed by inbreeding and selection, and from 
back-crossmg on the parent types, will not be available m a few sea 
sons but only after a considerable period of time However, the 
earher pioneers in this field have laid tne foundation and in the future 
It 18 probable that the rate of progress can be considerably accelerated 

Methods of Breeding 

Fortunately no problem is presented with referem e to controlhng 
polhnation m citrus The flowers are relativ ely large and the ordinary 
bagging techmque with brown paper bam has piovcd sufficient In 
practice the flowers are emasculated before pollen is shod and then 
bagged They are polhnated soon after opening and the bam which 
were removed for polhnation, are replaced and left on untd the petals 
have fallen and the friut begins to grow To protect from loss by 
draping, the fruits are usuaUy covered with cheesecloth bags 

Pollen IS gathered from flowers that have been bagged when still 
closed and is used immediately unless flowering of the parents desired 
does not overlap, in which case the pollen is stored for later use 
Kellerman {36) has shown that citrus pollen dned over concentrated 
sulphunc acid and sealed in glass vacuum tubes at about 0 5 mm 
pressure can be kept in a viable condition for more than 2 months 

When the seeds are removed from the harvested mature fruits 
secured as a result of artificial polhnation, they are thoroughly washed 
and are planted at once in flats, for the germination percentage usually 
decreases if they are allowed to dry m the air The flats contamuig 
the seeds are placed m a coldframe to prevent dama^ by heavy rams 
When seedlings are 6 to 18 months old they are luanted m nurseiy 
rows, usually 12 by 6 feet apart, and given good culture As soon as 
the fruiting stage is reached, usually m 5 years, or sooner if top- 
worked on old trees, detailed records are taken of tree and frmt char- 
acters, and all seedlinm that show no immediate promise or appear 
to bo of no value for future breeding are destroys These records 
determme the apparent worth, if any, of the plants as vaneties for 
cultivation, and also serve as a basis for working out genetic principles 

The seedlings are tested for vigor, mcluchng ihsease resistance, 
bearing capacity, and r^onal and rootstock adaptation The fnuts 
are tested for size, shape, juice percentage, season of maturity, num- 
ber of locules and seeds, nnd thickness, percentage of "rag", percent- 
age of sugars and acids, effective acidity (pH) of the juim, and the 
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flavor of the jmce Out of a groat number of seedling individuals 
only a very few are finally selected for introduction, and these are 
released only after favorable peiformance in preliminary fruiting 
tests in a number of locations 

OBJECTIVbS OF THE BREEDER 

1 he first consideration in citrus brooding is excellent dessert quahty 
What constitutes high quahty has been previously discussed, and we 

E aas to the consideration of tree and other frmt characters that the 
reeder has m mind when makmg his crosses and selections 
The tree (scion variety) should be compact in habit, but a vigorous 
grower and a prolific bearer It should he resistant to the common 
citrus diseases and to low temperatures, and congenial with the root- 
stock or rootstocks used in the r^on The fruit should mature at 
the proper season or seasons to suit market needs There are also 
other characters of importance, such as thomlessncss 

The fruit should h ive excellent dessert quahty and contam few or 
no seeds, the shape and size should be suited to commercial require- 
ments and to ease in packing, shippmg or keepmg quality, mcludmg 
resistance to storage diseases, should be good , the extenor, mcludmg 
texture and color of rmd, should be attractive and, in particular, 
the vitomm C content should be up to the standard With the rapid 
CTowth of a new industry m cannmg ‘ hearts’' and juice of both grape- 
fruit and orange, special attention may need to be pven to the require- 
ments of this promismg mdustiy * or mstance, it has already become 
evident that the pulp of Marsh CTapcfniit lacks the firmness necessary 
m a good canning grapefruit W ith the growmg tendency to utihze 
citrus fiuits m juice form and in mixed dnnks, the high color of the 
juice ( haractenstic of the tangelo group of hybnds is provmg a 
decided advantage 

The tree used as a rootstock should be adapted to the soil and 
chmatic conditions, be free from or resistant to trunk and root diseases, 
and produce a high percentage of nucollar embryos, and it should not 
be so vigorous m growth as to make the fruit of the scion coarse, of poor 
texture, and comparatively low m total solids (sugars and acids) and 
therefore msipid m taste (6, 80) 

As the margm between production costs and sales returns becomes 
narrowed with mcreasmg supphes of citrus fruits, any adaptation that 
might lessen the cost of production becomes vitdly important This 
places emphasis on disease resistance m any breeding program, to 
reduce both expense for grove sanitation and losses due to mfected 
trees and fruit In citrus the hst of such diseases is quite extensive 
and vanes wi^ citrus types and vaneties 
The task of breedmg for resistance to injuiy from msect and other 
animal pests on plants presents the major dmitulty of developing a 
practical technique 

In hlonda the chief atrusdiseasesaremelanose, aflectmg tender twigs, 
leaves, and immature fruits, and stem-end rot, affectmg mature fruit, 
both caused by Diaporthe (Photnopats) atn (Fawc ) Wolf, sour orange 
scab {E3mnoe JavxeHx Bitancourt and Jenkms), affectiM leaves and 
fruits, key Inne anthracnose (CIloeosponumhTnetttcoluin Clausen), foot 
rot {Phytophthora paraaUtea Dastur) , and psorosis, cause undetemuned 
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In the Southwest, brown rot gummosis and foot rot {Phytophihora 
cUropkthora (Sin and Sm ) Leonian and P paro st<w;a),pborosis, and 
shelf bark {Diaporthf ciir%) are of major importance, and m the lower 
Rio Grande Valley gummosis, scaly baik, and stem-end rot (melanose) 

Achievements and Suiurf Possibiuties 

In spite of the peculiar difficultiis encountered m citrus breed- 
mg, dotlmte achievements can be iccorded, and the outlook for the 
future IS mobt encouragmg The work m the past has shown that 
worthwhile results mav be secuietl from appropriate crosses and 
that important stiains and \anetiis may arise by bud mutation In 
addition a beginnii^ has been made in laymg a foundation of genetic 
prmciples 

The work in citrus hybridization earned on by the Department of 
A^nculture woikers smee 1893 has shown that the combmations 
of grapefruit and tangerine and of lemon and lime give the most 
proimsmg results The hist have given nse to high-quahty fniits 
known as the tangelo oian^s, and the latter to a high-quality lemon, 
the Pemne The w oi k of Frost, of the Cshfomia Agricultural Exper- 
iment Station at Rn ciside, has showm that crosses witlun the mandann 
orange group give worth-while results 

Apogaimc seedlings from crosses have also given rise to important 
vaneties in grapefiuit and in sweet, sour, and satsuma oranges 
Bud selection has given sujwrioi strains of known varieties and has 
served to stabilise standaid varieties Ciosses with more distantly 
related relatues of citrus, ChtrubX Ponarm, citiange X Fortunella, 
citrange X calamondin, etc , have proved mterestmg from the genetic 
standpomt and have also given some concrete types of possible value 
m horticultuie citrange, citiangequat, and citrangedm Reference 
to particulai hybnds in which definite objectives have been attamed 
are foimd m the text and in table 6 

Thus the ground work has been laid by the earlier workers With 
the wealth of breeding material and the increase of mterest in this 
field, research in citrus breedmg may be expected to show greater 
progress m the years to come 

^me idea of what the future holds m store as a result of citrus 
breeding can best be gained from the foUowmg quotations contamed 
m the r^ort made by H B Frost, actively engaged in citrus breedmg 
at the Citrus Experiment Station, Riverside, Calif , in connection 
wnth the cooperative survey of plant and animal br^mg. 

If we wish to produce a variety or strain that is very similar to a standard 
varict}, such as the Valencia, but superior in some important feature, such as 
eating quahtv generative seedlings from cither selfing or narrow crossing are very 
unpromising, for two reasons (1) they are usually weak and very unproductive, 
and (2) they are usually very unlike the parent or parents The best chance of 
success, although a very uncertain one, seems to lie in the discovery of superior 
bud-vanation forms Such forms mav be found, of course, either as ‘ lunb 
sports or as whole trees which have happened to bo budded from variant 
branches They may also be found as seedlings derived from nuoellar embryos 
that happen to be formed on a variant branch, in this case the seedhngs are hkely 
to be indistinguishable from other nucellar seedlings until they pr^uce fruit 
On the basis of the time and expense required, the search for bud vanations in 
commercial orchards seems more promising than the grownng of seedhngs A 
good new bud-vanation type may fn some cases, however, be variable because of 
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nuxturc the parent \ariety m the aanic shoots to fonn a ohiniera and the 
growuig of seedlings may then be the best method of getting the new type sepa 
rated from the parent variety Variability may in some caMS be inherent in the 
constitution of a new form, however, so that it will never become stable 

X ray treatment probably can be used, as it has been with other plants to 
incrcabe greatly the frequency of new genetic variations It seems most likely 
to be useful by producing variations in micellar seedhngs 

For the production of new varieties of superior quality but with flavors verv 
unlike those of the present varieties, tlie great variability of hybrids offers much 
promise since ^e can use wide crosses, which commonly give vigorous hybrids 
Various hybrids of the tangelo and tangor groups, which arc hybrids of mandanns 
with grapcfniit and with sweet orange that have been introduced by the United 
States Department of Agriculture offer unique and very pleasant flavors It is 
now probable, however, that the best opportunities for securing superlative 
quality are to lie found in crossing within the mandann species or group oi species 
and therefore it is ry fortunate tliat certam crosses tetween mandarin group 
varieties produce vigorous hvbrids 

It IS advisable to make some further trial of the production of tnploid hybrids 
by pollinating tetraploids by diploids of other species {or of other sections of the 
mandarin spec us ) 1 ho onlv tetraploid form which at present seems to have 

much promise for siicli use is the tetraploid Lisbon lemon which combines good 
heed production comparatively low chromosome irrcgulanty and high propor 
tion of generative progeny 

The evidence on which these suggestions are based has only partly been secured 
at the Citrus h \pcnment Station and that on the results of selling has very 
largely been obtained in Dr H J Webber b root sto( k experiments The nature 
of the work has ranged from chromosome counts and svstematic records of various 
tree and fruit characters to the determination of the agretablencss of fruit flavors 
Any cxtenbivc g< no analysis is dearly impracticable in citrus yet certain evidence 
has been obtained which seems to nave definite significance for general genetic 
theory, when interpreted on the basis of gene analysis made on more favorable 
organisms 

The problems that most concern the iitnis breeder have been 
listed by Frost as the determmation of — 

(1) The generality of the reduction of vigoi with selfing and narrow crossing 
(2) The extent to which the proportion of nueellar seedlings can be predict^ 
from counts of total embryob (3) (o) The extent to which triploids are unpro 
ductixe of fruit as compared with diploids of the same ancestry (6) The extent 
to which tnploids can bo produced bv crossing diploids with tetraploids Cc) The 
frequency with which tnploids occur from crosses between diploids (4) The 
extenttowhichtheprospectsof high vigor productiveness good flavor, and other 
horticulturally desirable characters m crossing can be infcrr^ from knowledge of 
the species or smaller taxonomic group to which a vancty belongs, on the basis of 
trial of other varieties of the same group (5) The frequency with which new 
genetic types arise by bud variation, and the extent to which this process can be 
speeded up by X ray treatment of seeds pollen, etc (6) The brat methods of 
modifying physiological conditions to secure high seed production m crossing, and, 
if possible high proportions of generative embryos 

With the present facihties, problems named under 1 to 4 above 
may be solved partially, and to a much smaller extent those imder 
5 and 6 m the list 

IMPROVEMENT OF CITRUS VARIETIES 

The improvement of citrus varieties will now be briefly discussed 
on the basis of citrus types — sweet orange, mandann oranges, grape- 
fruit, acid citrus fnuts, and mmor citrus frmts In each case the 
vanebes wifl be considered by regions Following this, citrus bud 
selection and citrus rootstocks be considered under separate 
headings 
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Sweet Orange Improvement 
Florida 

In Florida the bulk of the citrus crop is producetl between October 
and June. Good early-maturing and very late-maturing varieties 
are of most importance from the breeding standpoint. The sweet 
orange varieties of Florida have been descnbed by Hume (Si). 


EARLY VARIETIES 


Early-maturing sweet orange varieties for Florida are relatively 
scarce, and it is desirable to give tliis fact due weight in any citrus- 
breeding project 

The Hamlm is one of the early varieties usually recommended. It 
was discovered m a grove planted in 1879 near Glenwood, which later 
came into possession of H. E. Hamlin. Under the best cultural con- 
ditions the acidity and sweetness are well blended, giving it excellent 
flavor ; the rind is smooth and glossy ; seeds are none too few ; the season 
is October and N ovember and later. Becen t reports indicate that it is 
sensitive to overfeeding and other unfavorable growing conditions, 
which may lead to fnut splitting, riciness of pulp, and poor juice 
quality. 

The Parson Brown variety was introduced by C. L. Carney, of Lake 
Weir, about 1878, having originated at Webster in a seedling grove 
owned by Parson Brown. Acidity and sweetness are fairly well 
blended if the fruit is picked early; seeds, 10 to 19; season, October 
and November. 

Early sweet oranges usually have poor rind and flesh color when 
harvested at the beginning of the season This is a deficiency that 
might be remedied by breeding methods 

The results thus far look pronusi^. A hybrid , the Orlando tangelo 
orange (fig, 6), introduced by the Department in 1931 and resulting 
from a cross of the Bowen grapefruit pollinated by Dancy tangerine, 
is early in maturity and can be harvested over a long season. The 
variety is highly resistant to citrus scab. When first harvested in 
late September or early October the rind color after degreening with 
ethylene is a beautiful light yellow,, but later in the season it takes on 
a natural deep reddish-orange color. It is medium in size, and the 


flesh color is deep orange. Its main defect is its seediness. Such a 
defect can apparently be overcome in future breeding work, as will be 
pointed out later. 

' NIDSEASON VARIETIES 


A la^e number of midseason varieties were named and introduced 
beginning in the 1870’s. Among these the outstanding ones are the 
Homosassa and Pineapple. The Homosassa is a variety of excellent 
quality, with a sprightly, rich, vinous flavor; seeds, 20 to 24; season, 
December to February. The Pineapple is the outstanding midseason 
variety, having a glossy rind of deep orange color, vinous and spn^tly 
in flavor; seeds rather large and numerous. It originated near Citra, 
Marion County, and received its name from the ^e aroma reminis- 
cent of the pin^ple. It is today the most important midseason 
sweet orange in Florida. 
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The navel type of sweet or^ge is not suited to the Florida climate. 
Although a number of varieties have been introduced, they have not 
proved successful as the Washington Navel has in California. 

Two midseason tangelo oranges, of the same parentage as the Or- 
lando variety, introduced by the Department in 1931— Minneola 
(December-January) and Seminole (F^ruary-Apnl)— are outstand- 



Figura 6.— Typicdl iiruilB of Orlando tangelo orange (originally introduced aa ibe 
Lake variety), a hybrid between grapefruit (9) and tangerine (cf); remarkable for 
earlinesa, maturing in October and November; highly rcaiatant to acab. Introduced 
by the United Statea Department of Agriculture. 

ing from the standpoint of dessert quality, the Minneola especially 
having the most dehcate blending of esters, sugars, and acids. Tliese 
fruits have deep tai^erine rind and flesh color, and their shipping 
quality is good. Lake the Orlando tangelo orange, the Seminole 
(fig. 7) is highly resistant to citrus scab, the Miimeola partially resis- 
tant. The fruits are somewhat seedy. 

LATE VARIETIES 

The sweet orange industry up to the ISTO’s was based on seedlings 
and clones producing early ancl midseason fruits. An event of great 
importance took place when, early in the 1870*8, the late type of sweet 
orange, now called Valencia (fig. 8), was introduced into Florida by 
S. P. Parsons, a nurseryman of Long Island, N. Y., and Palatka, Fla. 
Parsons had secured it from Thomas Rivers in England, who had im- 
ported it from the Azores and had cataloged it under the name “^- 
c^or.” Parsons gave trees to E. H. Hart (fig. 2), of Federal Point, 
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Fkgure 7 — ^TjrpMsal finnta at Seminole tangdo orange, a hybrid between 
grapefruit ( 9 ) and tangenne (d*) nudaeason to late m maturity, r^lacuig 
the older Smnpeon ranety beMuae of ita high color and flavor, ceaiatanoe 
to aeab, and pmd shipping quabty Introduced by the United Statea 
Dqiarunent ^ Agnculture (Natural sme) 


FiffireB — Valencia orange, typical of the vanely aa grown on bour oral 
rootstock in Orange County, Fla Itis i^iaracterued by late maturity (March 
June in Florida), firm fiofa and rind, and fairly high content of citric ac 
oontiibnting to its good bedding and shipping quality. It is conunercia 
seedless, baring normally two to ^e seeds. 
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Fla Having lost the label, Hart distnbuted the trees under the name 
of Hart’s Late or Hart’s Tardiff The variety was exhibited before 
the Florida Fruit Growers Association on Apnl 25, 1877 The out- 
standing characteristic of tlus variety is its late mntunty Its season 
extends from March to June 

The variety was also imported mto Cabfomia, in a lot of citrus 
1 aneties from Thomas Rivers, by A Chapman, of San Gabriel, Calif , 
bet's eon 1870 and 1872 One of these varieties, labeled as a navel, 
turned out to be a late npening nonnavel variety that fruited after 
the other varieties were off the market The variety was named 
Valencia at the suggestion of a Spanish laborer, and Chapman sold it 
under the name of Valencia Late Nurserymen in California had 
purchased stocks of Hart a tardifi, and a CTeat many trees had been set 
out By the time it was discovered that the Valencia and Halt’s 
Tardiff were identical, the variety had attamed commercial import- 
ance in California, and the name Valencia was retamed 

A variety similar to the Valencia named Liie Gim Gong, for the 
on^ator, and mtroduced m 1912 by the Glen St Mary Nurseries, 
13 described as very late m maturity It is now generally regarded 
as a strain of Valencia, from which it onguiated as a seedling 
The production of a tangelo orange (Umatilla) wluch resulted from 
the polhnation of the satsuma by the Ruby sweet orange and was 
mtroduced by the Department m 1931, indicates what may be accom 
plished by breedmg methods m the creation of late maturing varieties 
In contrast with the parents — satsuma, early maturmg, and Ruby, sweet 
nudseason — the hybrid matures its frmt m late February, March, and 
April The variety is highly resistant to citrus scab, the fruits are 
medium to large m size, the rmd and pulp color is deep orange, and 
the quahty is excellent Seed content is variable 
To sum up At the present time the sweet orange mdustry m 
Flonda is based primarily on two early vaneties, Haimm and Parson 
Brown , on midseason seedling and two nudseason vaneties Pmeapple 
and Homosassa and on one late vanety, Valencia 

Cahfomta 

In California one early and imdseason navel and one late nonnavel 
vanety have proved sufncient to produce an orange crop eveiy month 
m the year 

Contrary to popular opmion, the navel type of sweet oran^ is not 
a modem product It was descnbed and pictured by John Baptisti 
Ferranus m 1646 and is apparently of early ongm As early as 1820 
the Bahia form of the navel orange had mime its appearance m 
Brazil, where orange trees had been mtroduced by the Portuguese 
settlers Its excellent quahties were soon recognized, and the vanety 
was extensively propagated m the vicmity of Bahia Even at this 
eariy date the vanety seems to have been subject to bud mutation, 
and mfenor types appeared that were unmtentionally propagated and 
mtroduced m South Ainca and Australia Those that reached 
Australia also mcluded desu-able types 
'The Bahia type of navel orange was first mtroduced mto Flonda 
in the 1830’s, but the trees were^led durmg the freeze of 1835 A 
shy-bearmg form of Bahia navel was mtroducM mto Califorma m the 
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early 1870’s. The strain was secured from S. B. Parsons, Flushing, 
N. Y ., who had received it from Thomas Rivers in England. In the 
early 1870’s an inferior type of navel orange was imported from 
Australia into California, which set the precedent for referring to 
inferior strains os the Australian navels to distinguish them from the 
superior Bahia strain 

The story of the Washington Navel orange is a dramatic illustration 
of the_ value of superior vancties of economic plants In 1870 the 
citrus industry had begun in Cali- 
fornia, but there was no outstand- 
ing early and midseason variety 
of sweet orange generally adapted 
to the climate. The early mission 
seedlings and varieties mtro- 
duced after the middle of the 
nineteenth century were being 
tested out by various growers, 
but there was a lack of standard- 
ization in quality The value of 
alertness in using the plant ma- 
terial that has been produced as 
a result of centuries of selection 
is nowhere better illustrated than 
by the timely action of the late 
william Saunders (fig. 9), then 
supenntendent of gardens and 
grounds of the United States 
Department of Agriculture, 

Washington, D. C. 

In 1870, through the kind as- 
sistance of a missionary stationed 
at Bahia, Saunders imported 
from Brazil 12 navel orange trees 
in tubs. These were housed in 
the Department greenhouse at 
Washington, and propagations 
were made for distribution to 
the regions adapted to citrus 
culture. The first propagations 
were sent largely to florida 
and California, l5ut at least one of this lot is still maintained by the 
Department at Washington. Mr. and Mrs. Luther C. Tibbets were 
attracted to the settlement at Riverside, Calif., and early in 1873, 
before starting her journey, Mrs. Tibbets visited the Government 
propagation gardens at Washington, where Mr. Saunders gave her 
two Bahia navel trees. These were carried to California and planted 
beside the Tibbets’ cottage in Riverside (fig. 10). In Februmw 1879 
the fruit was awarded first prize over other navels exhibitea from 
Orange County, and these two trees were used as the source of ex- 
tensive planting. The variety w^ referred to as the Washington 
Navel to dis tinguish it from the Australian importations. An attempt 
was made to cnange ^e name to Riverside Navel, but this proved 



Figure 9.— WiUiam Saunders (1822-1900), 
superintendent of gardens and grounds of 
the United States Department of Agricul- 
ture at Washington, D. C., through whose 
effwts the Bahia navel* orange was suc- 
cessfully introduced firom Bri^ in 1870. 
Three years later trees propagated by 
Saunders were planted in Cahfomia and, 
under the name of Washington Navel, be 
came the basis of an epoch-making industry. 
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unsuccessful The ^at superiority of the \V ashington Navel (fig 1 1 ) 
was soon recogm/ed, smoe it ^parently was idedly adapted to the 
climatic and soil conditions of California and produ^ a frmt of high 
quality with the highest market appeal The best strain of Waui- 
ington Navel, accordmg to bhamel and associates (61), is character- 
ize by an — 

open and somewhat drooping habit of growth and dense foliage with large oval 
dark green leaves * • • Under normal conditions no pollen is produced by 
the anthers of the flowers • * * The fruits * * • are obovoid in shape 
and generally of medium to large size The nnd is of medium thickness and the 
texture is smooth and grained The color of the fruit is bright orange, the rag is 
tender and comparativelv small in quantity the juice is abundant and of superior 
qualitv having a pleasing and sprightly subacid flavor The fruits are seedless 
and the navel usually is small sometimes rudimentary, with no development 
except in the nnd 

By 1885 enterpnsmg nurserymen had mtroduced most of the 
important vaneties of the world, which were tested m comparison 
with the local seedlmgs of special ment Less profitable vaneties 
were rapidly ehnunated, and by 1900 the area planted to the Wash- 
mgton Navel was larger than that of all other vaneties m the State 
It 18 now generally recognized that one of the outstanding events m 
the economic and social development of California was the mtroduc- 
tion of this orange in 1873 Dunng the penod of more than 60 years 
follow mg, a great industry has been built up from the two small trees 
planted ny Mrs Eliza Tibbets 

The Vtdcncia vanety of sweet orange, mtroduced mto Cahforma 
and Monda between 1870 and 1872 as alrea^ detailed, is the other 
outstandmg orange vanety m the State These two vaneties are 
grown almost to the exclusion of others Climatic conditions vary 
widely because of differences m rainfall, protection by mountam 
ranges, the moderating influence of the ocean, and other factors 
These affect the npening penod of fruit vaneties so that the same 
vanety matures at different times m vanous remons When this is 
couple with “tree storage’ m the case of the Valencia, which holds 
its fniit m good condition for several months, the combmation results 
in a marketable fniit crop throughout the year This tree storage is 
made possible by the diy summer chmate with comparative freedom 
from frmt-destroymg fungi, together with other clunatic factors con- 
tnbutmg to a long npenmg season The movement of Washington 
Navels be^s m November and ends m May The Valencia crop is 
marketed from May to November and, as a rule, overlaps by several 
weeks the penod when navels are shipped 

Frost (£1) r^rts that the Citrus Experiment Station of the 
Umversity of Cahforma, at Riverside, has recently introduced a 
good early nonnavel vanety, Trovita, which has pollen and a few 
seeds This vanety ongmated as one of three seecQmgs grown from 
Washington Navel seeds accidentally found It is pomted out that 
this may be a promising vanety m the hotter citrus distncts because 
of its seeding tendency, smee the seedless Washm^n Navel often 
fads to set frmt under these conditions The frmt m the new vanety 
IB much hke that of Washington Navel, but the navel structure £9 
usually absent or rudimentary 
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Figure 10 — ^Tree of the Washington Navd orange at Riverside Cahf the lone sur 
nvor of the ongmal bndded trees of this variety sent to California in 1873 propagated 
from the introduction made m 1870 from Bahia Brasil by William Saunders 
Washington DC A tablet in memory of Mrs Elisa TibbeU who first planted this 
navel orange and brought it to fruiting stands near the tree 



Ftffire JI — ^Washington Naval orange firuit, typical oi the variety as grown 
at Bivemde, Calif, showing sohd but joicy pulp, locales separating easily, 
firm, rather thick nnd, small navel, and absence of seeds. 

Texas 

The commonly grown varieties of sweet orai^es, along with other 
vaneties of citrus, were brought mto the lower mo Grande Vtdley of 
Texas early m the twentieth century, but m general these are not as 
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well adapted to the (lunate as the grapefiuit The most desirable 
early to midseasou vanety of orange is the Hamlm The trees are 
prolific, re^ar bearers under lower Rio Grande Valley conditions, 
maturing their fruit in Ootobei Although the l^nexppfe is the most 
widely planted early vanety, the Wtslaco substation of the Texas 
Agncultural Expenment Stition recommends that Hamlm and Joppa 
should replace vaneties such as Pmeapple, Paison Brown, and Ruby, 
which are characten/c d in Texas by the pioduction of undersized 
frmt and by erratic beanng habit (16) Even the desnable strams 
of Washin^n Navel are not satisfactory bemg rather erratic m 
their beanng habits and producing juice vnnnble m flavor, often 
bemg quite insipid (devoid of add) ’ A recent mtroduction, one of 
seveial navel oranges bi ought by the Department from Brazil and 
now under teat at the Weslaco substation is very pronusmg It 
has botn named Texas Navd (iig 12) and is bemg tned exten 
sivoly by growers The tree is vigoious and somewhat more pro- 
ductive than the strains of Washington N ivel under Texas condi 
tions The fruit is typn ally navel m structure, of medium size and 
good quality 

The Valencia, which nntuies its fiuit fiom Dedinbei to Januaiy 
under lower Rio Grande Valley conditions, is the most profitable 
commercial vanety at the present tune, smee the trees are productive 
and fairly legular m beanng, but a large proportion of the fruit, which 
are of good quality is undersized 

The Temple orange, which belongs to the horticultural group of 
high quahty hybnd fniits (tangelo oianges) and is similar to the 
sweet orange, is pronusmg under Texas ( onditions, but the nnd texture 
IS unattrictivo and the tree is not hnidy In tius same group 
the Orlando, Semmolc, Minneola, and Umatilla vaneties are under 
test 

As far as the stondaid vaneties of sweet oranges aie concerned, 
none is entirely satisfactory under lower Rio Giande Valley conditions 

Louisuma 

In the extreme southern tip of Louisiana on the Delta of the Mis- 
sissippi, south of New Orleans, m the vicinity of Burns, a type of high- 
quahty noimavel sweet orange of local ongm has been grown for a 
great many years along with some navels of recent mtroduction The 
annual output is usually about 300 cars, marketed primarily m New 
Grapefruit Improvement 

The ongm of the grapefruit as a horticultural citrus type is obscure 
It IS apparently mtermechate ^tween the large acid shaddock and 
the mild salad citrus type commonly referred to as the pummelo 
It was brought to Honda from the West Inches and does not corre- 
spond to any type in the Orient It was not appreciated until it 
was brought to the attention of the consuming pubhc m the 1880’s 
by enterprising Honda citrus growers It represents a most import^t 
horticultural achievement, for it is now found on the breakfast table 
m either the fresh or the (tanned state not only m the Umted States 
but also m Europe, South Afnca and Austraha 



776 


YEARBOOK, 1937 



figure 12 — See legend on oppoeite page 
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The grapefruit industry in Florida was founded originally on 
seedling trees, which are very much like the Duncan variety in struc- 
ture and quality and are now known as Florida Common. The 
oriMal Duncan tree, over 100 years old in 1926, according to Hume 
(SS), was still living in the p^lant- 
ing known as the Snedicor Grove 
near Green Springs, in Pinellas 
County, where it originated as a 
seedling from a grapefruit tree 
grown By a Spanish settler, Don 
Philippe. Later reports are not 
available. Duucan {14, p. 1S6) 
stated in 1892 that Don Philippe 
brought grapefruit and orange 
seeds from Cuba 50 years pre- 
viously and made his planting at 
Safety Harbor in ‘Thiuppe Ham- 
mock^’, and that the orange trees 
died out from neglect while the 
grapefruit trees remained in a 
thrifty condition. The variety 
was introduced and propagated 
bv A. L. Duncan, of Dunedin, 
about 1892. It is a very superior 
variety. Although 17 or more 
main varieties were later intro- 
duced, Duncan remained the fa- figure 13 —Egbert N Reasoner (1869- 
vorite among the seedv varieties. 1926), pioneer nuraeryman of Flonda,'ac- 
Duncan and other seedy varieties uvein the introduction and propagation 
are now being top-worked to of many subtropical fnnts. He introduced 
Marsh in some instances because foeter, Thompson, Pernambuco, and Royal 
of the demand for a seedless fnut p-«pefnnt v^ietie. and the ^eco Unger- 
Because of its seedlessness and a propagation 

other desirable quahties the f l^e lycW, and wa» active m testing and 
1 UUDUOUIO "iio diaeonunatuig new vanetiea of mangoea and 

Marsh variety has beengradually avocados, 

replacing the seedy varieties in 

plantings within the last 15 years This vanoty originated in the 
William Hancock grove at Socnim, near Lakeland, and was first cata- 
loged by C. M. Marsh in the Catalogue of the Lakeland Nurseries for 
F^ 1896 and Spring 1897, with the statement that the parent tree 
was a seedling that had been a prolific bearer for 30 or 40 years. 
Propagation evidently began some years before, as the parent tree 
was kuled in the freeze of 1894-95. A story receiving credence in 



Figure 12.— The Texas Navel orange. A, Tree showing vigorous habit of this navd 
variety, on introduction from Braad made by the Umted States Department of Agri- 
culture in 1917 when the Washington Navel proved poorly adapted to lower Rio Grande 
Valley The tree has a hinght of 20 feet and a spread of 21 feet. B, Fruit 

ot the Texas Navel orange, which resembles the standard Washmgton Navel in physical 
characteristics and quality but is more prohfic under conditions m southern Texas. 

FVuite average 2^ inches m diameter. 

188004*— 87 60 
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recent years that the vanety originated as a broken root sprout from 
a common seedy type tree has been definitely disproved by the 
testimony of members of the Hancock family and other local residents 
who were thoroughly familiar with the oiiginal seedhng tree (56) 

The Marsh vanety has given nse to two pink fleshed bud mutations 
A D Shamel has descnbed one of these that onginated near Kiverside, 
Cahf , and was brought to his attention in July 1919 by L V W 
Brown The mutation that occurred in 1 londa, in the grove belonging 
to W B Thompson neir Oneco, was discovered by b A Collins and 
introduced under the name of Thompson by Reasoner Bros (fig 13), 
of Oneco, in 1924 (55) Both of these mutations are identical with 
Marsh except in flesh color The Thompson vanety, although not 
extensively planted in b londa, has become an important vanety in 
the lowerKio Grande Valley of Texas 
The Foster, another pink fleshed vanety, onginated as a branch 
mutation on a tree of the Walters grapefnnt This occurred m the 
Atwood Grove near Palmetto, and was first observed m the season 
1906 07 It was nameil and mtroduced by Reasoner Bros in 1914 
Aside from the color, the fruit has much the same ouahty as the 
parent vanety, though it is sometimes regarded as earlier matunng 
The color of the pulp, as well as that of the Thompson, tends to fade 
as the fruit reaches full matunty 

Another seedless grapefruit, the Davis, oiiginating from a cross 
between a seedhng type of grapefruit and a tangenne (m the attempt 
by Department workers to secure a taiigelo) is receiving favorable 
attention In shape and sire it resembles the Marsh, though it is 
moie rounded m form, but it has the taste quality of the seedy grape- 
fiuit, with apparently less glucosidal flavor thin the Marsh Its 
outstanding character, however, is the fact that it has proved satis 
factory for camung, tne pulp lemaimng firm, while the Marsh tends 
to become soft from processing (%) 

In the improvement of grapefnut theie has been a steady trend 
toward the use of fewer vaneties and Marsh largely because of its 
seedlessness, has become the standard for new pWtmgs, CTadually 
supersedmg the 17 or moie other varieties — Vurantium, Do Soto, 
Excelsior, Hall, Josselyn, Leonardy Manville, May, Bowen, McCarty, 
McKinley, Inman, Pernambuco Royal Tnumph, Walters, etc 

Fexas 

The Flonda grapefruit varieties were introdiued mto Cahfomia, 
Anzona, and the lower Rio Grande Valley of Texas 

The grapefruit is apparently well adapted to the lower Rio Grande 
V alley, and it has served as the basis of a citrus industry built up since 
1910 As grown m the valley it has a pleasing, imld flavor that has 
met with favor in most of the markets where the fruits have been 
offered for sale” (16) 

Such vaneties as Duncan, Conner, McCarty, Inman, and Walters, 
all seedy vaneties, are grown to a hnuted extent for the early market, 
but they are at a discount after the seedless vanety. Marsh, is ready 
for market 

The pink-fleshed vaneties Foster (seedy) and Thompson (seedless) 
have pink flesh early m the npenmg season and usually sell at a 
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premium Tlie Ruby, a local mutation from Thompson, has both 
pink flesh and pink nnd and w receiving some attention m recent 
plantings California and Anzona 


The grapefruit industry in the Southwest began after the mtrodue- 
tion of the Marsh grapelrmt in 1890 the plantings of other varieties 
previous to that time chd not prove profitable In the Arizona citrus 
districts and in the Coachella and Imperial Valleys of Cahforma, 
grapefrmt matures fairly rapidly and is marketed m late fall and early 
winter, m other Califorma grapefrmt distncts it does not reach fuU 
maturity until the following sptmg or summer 


Mandariw Improvement 

In the mandarin orange ^oup the tangeime and satsuma oranges 
aie grown to supply specid markets, primarily early in the season 
The ehief breeding problem is in connection with the production of 
high-quality early-matuiing varieties 


Tangerine Orange 

Tlie only variety of tangenne orange extensively planted in Florida 
IS the DanCT, a prolific \ anety that was ongmatea as a seedling by 
GeorM L Dancy, of Buena Vista, St Johns County, and was mtro- 
ducea m 1871 or 1872 This variety is of great interest, since it is 
the pollen parent of most of the tangelo oranges, and it imparts to the 
best tangelos the deep orange nnd and flesh color and the aromatic 
and pleasing ester qu ah ties In Texas, although the earlier plantings 
are mostly Dancy, the Clementine (Algenan) is decidedly supenor to 
this variety, as is also the Warnuco (Ponkan) under lower Rio Grande 
VaUej conditions 

In Cahforma the Dancy is grown to a hmited extent for special 
markets, but appaiently the small si/e and higher acichty developed 
when it IS grown in this section has retarded extensive planting 
Recently three mandarin varieties, developed by Frost {21) at the 
Citrus Expenment btation. Riverside, have been introduced for pre- 
hmmary trial They were onginated as a first^eneration cross between 
the Ring orange ancl other mandann oranges In the case of the 
Kara, the Owan satsuma was the seed parent, and m the case of 
the Kinnow (fig 14) and Wilkmg, the IGng orange served as the 
seed parent and the WiUowleaf mandann was the pollen parent 
These vaneties produce fnuts of good si/e and excellent quahty, 
but, as pomted out by Frost, only orchard tests can detenmne their 
ultimate value m citrus culture 


Satsuma Oranges 

The satsuma orange was first mtroduced mto Flonda by George 
R Hall m 1876 In the upper Gulf coast region, from western 
Monda to eastern Texas, it has been grown commercially smee 1910, 
and the mdustry is based primarily on the Owan satsuma Although 
there are apparently two or more strains of this vanety, they do not 
differ widely. The frmt is harvested early m the season, October and 
November It is desirable to harvest as early as possible for two 
reasons — to secure the early market before many high-grade sweet 
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oranges are shipped from penmsulor hlonda, and to remove the 
frmts early enough to allow for the storage of maximum food reserves 
m the tree before the onset of wmter In an attempt to meet this 
need, the Department of Agriculture imported over 60 strains of the 
early matunng.satsuma from Japan, and these are under test at the 
Gulf Coast Substation at Fairhope Ala in ooopoiation with the 



Figure 14 — tb« Kinnow mandarin a hybrid of King orange and Willow leaf man 
dann, the King serving as the seed parent The fruit is excellent in appearance and 
flavor remauung firm when fully n|e desirable for local consumption but shipping 
quality undetermined Fruits shown are natural size about months after npemng 
Infroduoed by Frost of the Califorma Agricultural Fxpenment Station 

Alabama Agnoultural Lxpenment Station and with growt rs. m vanous 
parts of this section So far the Kawano variety has shown some 
promise, but it does not umformly matuie earher than the Owan 
^me of the other strams may prove moie regului m this respet t 
A selection from extra vigorous apogamic seedlmgs followmg cross 
pollmation of the satsuma orange with the sweet orange is promismg 
from a commercial standpoint The SilvcrhiU vancty, ongmated m 
this manner has now been tested foi a number of years and appears 
to be a supeiior stiam of the Owan It his shown somewhat more 
resistance to cold than the other satsuma vaiieties, but the evidence 
IS not conclusive 

Imfrovement of Acid Gurus Fruits 
The cliief center of lemon culture is m Cahfoima and lime produc 
tion IS confined primarily to Floiida 

Florida 

The introduction of the citrus scab proved a seiious drawback to 
lemon culture m Flonda Theie is also great difficulty m j^perly 
curing lemons m the humid summer climate In 1931 the Depart 
ment introduced the Pemne lemon (fig 15), a hybnd between lie 
Genoa lemon and the Mexican or Key tune It is baghly resistant 
to citrus scab and anthracnose and has given a new impetus to the 
mdustry 
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The Pemne lemon la a rapid growmg, vigorous, and productive 
tree The fruits are home smgly or in clusters and are of medium 
size, with a high acid percentage, rangmg from 6 2 to 7 2 percent, 
ranking with standard commercial vaneties m this respect {71. 80) 
The Meyer lemon, an mtroduction from Chma named foi the 
mtroduccr, the late Frank N Moyer, famous plant explorer for the 
Department of Agncultun. , is chiefly noteworthy for its frost resistance 



Figure IS — typical tnuis of Pemne lemon a bybnd between ibe lemon and tbe bme, 
remarkable for ita reeutance to scab and antbracnoee vigor of growtb, and heavy 
bearing Resembles the tme lemon in shape, sue, and acid content Introduced by 
the United States Department of Agriculture 

Its low acid content (4 3 to 4 8 percent), large size, and round shape 
preclude its general populanty as a commercial lemon, though it is 
well smted to local needs where true lemons have proved too tender 

The Key, Mexican, or West Indian hme has long been cultivated 
pnmanly on the keys, but recently the mdustry has dcclmed because 
of humcane damage The Tahiti (also called Persian or Bearss) 
hme has recently been planted to a considerable extent m Dade County 
and the southern ndge section It has high quahtjsr. and m addition 
the aromatic properties of the nnd are highly valued, by the consumer 
The Lakeland and Eustis limes, hybnds of hme and kumquat, mtro- 
duced bv the Department, although of high juice c|uahty, are of small 
size and have a thin nnd, which may prove disadvantageous for 
stormg and shippmg CaUJorma 

In the early development of the mdustry a large number of European 
vaneties of lemon were grown and also many seedlings were raised, 
most of which were not promising Th^resent plantmgs are practi- 
cally limited to Eureka and Lisbon The former ongmated from a 
seed planted m 1870 by C R Workmen m Los Angeles The Lisbon 
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vanety originated m Europe Shamel and coworkers {64) state that 
the Lisbon lemon was mtrodiiced into California in a number of 
importations, the first of which was made as budded trees in 1874 
and 1875 from Australia It has been pomted out that the advan- 
..iges of the Eureka are its comparative freedom from thorns, its 
tendency toward early bcarmg and its prohfic bearing qualities 
The tendency to bear fruit on the tips of the branches and the inclma- 
tion to grow long canes with but few laterals and to drop its leaves on 
the long canes or branches, leavmg the hmbs and fruit too much 
exposed to the hot rays of the sun aie disadvantages 
The Lisbon has heavy foliage which protects the fruit from sunburn, 
and the fnut is borne imiformly throughout tlie tree This vanety 
has a tendency to bear one large crop maturmg m wmter with only 
a small amount of summer fnut 

MINOR CITRUS FRUITS 

In THii United States the pummelo, dtron kumquat and sour orange 
are not grown to any appreciable extent for their fruits Of these 
minor citrus fruits the pummelo is the most piomismg The citron 
IS grown momly for exmbition purposes, although a Degmnmg has 
been made m California with preservmg it on a commercial scale 
The sour orange is grown as an important marmalade fnut m some 
other citrus produemg countiies, notably m Spain 

The pummelo m its better vaneties is a most delicious salad 
citnis The juice does not possess the spnghtly acid and nanngm 
(bitter) properties of the grapefrmt, but when the juice sacs arc served 
as a salad the mimitable flavor is rehshed by all who have had the 
good fortune to sample them In times past only the sour shaddock 
was known m the (itius produemg distncts hut smee 1915 the 
Department of Agnculture through its collaboratoi, G Weidmon 
Groff, m Chma, has mtroduced an important collection of pumniclos 
These are not as yet well known but are bemg distnbuteid to those 
mterested in the culture of the fnut One of the outstandmg vaneties 
18 named Siam Reference to this collection will be found m table 5 
The Department has also imported a valuable collection of citron 
vaneties, mcludmg practically dl of the important onra Corsican 
the chief vanety of commerce, was one of the first citnis mtroductions 
made by Fairchild, who was for many years in charge of the plant 
mtroduction work of the Department 
Kumquats were mtroduced mto Europe as lecently as 1846 by 
Robert Fortune Importations mto the United States were made by 
Taber m 1885 and Reasoner m 1885 and 1890 The vaneties Naganu 
(oval) and Marumi (round) were first mtroduced, and later the Meiwa 
or sweet kumquat The Naganu predommates m all plantings made 
thus far About 1910 the Department mtroduced the Hong Kong or 
wild kumquat, which produces veiy small round fruits and is of 
mterest from the breedmg standpomt m that it has the double haploid 
chromosome complement (See the later section on cytology m this 
article ) 

The Department has mtroduced a supenor vanety of sour orange 
named Oklawaha It ongmated as an apogamic seemmg when pollen 
of the shaddock (sour pummelo) was used to polhnate the sour orange 
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In habit the tree appears as a vigorous sour orange. Tlie fruit is 
sunilar to the ordinary sour orange but averages larger in size, 3 to 4 
inches in diameter, and it is superior to the ordinary seedlmg sour 
oranges as a marmalade variety 

CITRUS BUD SELECTION 

With the general acceptance of De Vries’ mutation theory (1901), the 
improvement of varieties by the selection of bud mutations soon 
became a recognized mode of procedure in plant breeding. Con- 
versely, the elimination of inferior bud mutations became of equal or 
sven greater i^ortance in many clones especially subject to mutations 

That the Washington Navel orange is subject to bud mutation 
was recognized at an early date, and by 1910 the problem was so 
serious l^at at the California State Fruit Growers Convention of that 
year Coit (10) proposed to “keep individual tree records for 2 years 
and these trees with records to be offered nurserymen for propagation 
as pedigreed trees " At the same meeting Coit, in discussing the 
application of the Do Vnes mutation theory to tlie problem, said 

If you go out into the average navel orchard to bolect a dozen perfect navel 
oranges true to old standards, you will be surprised at the amount of searching 
necessar}. ♦ ♦ ♦ It is itiy belief that )>> far the greatest part of the divergence 
IS attributable to mutation * * * 

He added that propagators — 

must bo quick to see and cut out all branches aiiortiiig tow ard poor types In the 
second place, we must be exceedingly caref^ in cutting budwood * * * 

Select buds from those branches which' produce your ideal of the navel orange 

The problem was so serious that the Department of Agriculture 
detailed A. D. Shamel to study it m 1909, and he began bis work in 
cooperation with the Califorma Citrus Experiment Station at River- 
side and with citrus growers. In his first report entitled “Bud Selec- 
tion in Citrus Fruits”, given at the California State Fruit Growers 
Convention at San Bernardino, March 8, 1911, Shamel set forth the 
problem clearly. His work began with the Washington Navel and 
was extended to include other sweet oranges, the lemon and grapefruit 
types, as well as other crop plants. 

Over a period of 27 years the work of Shamel and his coworkers 
(57, 68, 69, 60, 61 , 62, 63, 64) has been characterized by consistent, 
painstaking research, which has included a study of the source of 
strains originating os bud mutations and imintentionally propagated 
by nurserymen and growers. This was followed by efforts to eummate 
the inferior trees in established plantings by top-working with carefully 
selected buds. Further efforts were made to avoid the propagation of 
undesirable strains arising from bud mutations by systematic selection 
on the basis of individual plant performance and an intimate knowledge 
of the plants. Finally, a systematic search was made in cooperation 
with growers for superior plants oripnating from commercially valua- 
ble bud mutations, and these were tested in progeny plantii^ to single 
out the ones inherently superior to the parent forms for utmzation by 
the industries concerned. 

In the case of Washington Navel orange it has been shown (61, p. 
67) on the basis of individual performance records made in several 
California groves since 1909 that — 
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these groves consist of at least 20 strains of commercial importance with five or 
more others of less economic consequence The trees of each of these strains have 
fruit or vegetative characteristics or both which serve to distinguish them from 
idl other trees of the variety 

About 25 per cent of the total number of ticcs studied in the original orchards 
in which these investigations have been conducted were found to be of undesirable 
strains has ing consistently low yields or bearing fruits of poor quality or both 
such as those of the Australian Unproductive Corrugated Pear Shape Sheep 
nose Flattened Dry and other inferior strains 

The extent of the ( ommoicinl use of supenor sti uns selected for the 
production of moie uniformly good fruit is indicated by the sale of 
selected buds by the Frmt Growers Supply Co foi the peiiod 1917 35 
These data, given below, mcliule only a part of the supplies of such 
buds used by nurseiymen and growers — probably not more than 50 
percent , but because they are conservative they will the bcttei convey 
some idea of the value of this kind of work 


mrnbf of 

Name of Ira bade mti 

Superior strain of the Washington Navel orange 1 402 9i0 

Superior strain of the Valencia orange 2 338 004 

Super] r strain of the Marsh grapefruit 1 262 7 17 

Superior strain of the Eureka lemon 766 9 0 

Super or stra n of the Lisbon lemon 86 216 

Superior strains of miscellaneous citrus varieties 66 886 


Two special citnis strains onginating as bud mutations, the Robert- 
son Navel orange in 1925 and the Diwn ginpefruit in 1929, are now 
bemg introduied, and the indications are that they will be widely 
grown in certain citrus districts of California and Arizona In the 
Robertson Navel orange stram the fruits are resistant to June drop on 
account of their very rapid eaily growth They mature about 1 
month earlier than those of the Washington Navel orange under com 
parable conditions, and the trees are more productive than the normal 
Washington Navel Otherwise the mature fniits of the Robertson 
stram and those of the parent vanety are very similar and cannot be 
distmguished even by those who have grown and studied them 

The Dawn is a strain of the Marsh grapefruit in whiih the fruits 
mature about 1 month earlier than those of the parent vanety, and the 
trees are unusually productive Otheiwise the Dawn and the Marsh 
trees and fruits have similar charactenstics The mdications are that 
this stram will be a particularly valuable one for growmg m the desert 
grapefruit-growmg distncts 

Many other citrus bud mutations are under test in cooperation with 
growers m California and Anrona, and some of these promise to be of 
commercial importance m the near future 

In the histoiy of subtropical fruit breedmg the woik of Shamel, his 
coworkers, and the Cahforma Agncultural Experiment Station co- 
operators IS mspinng It is characterized by consistent, pamstakmg 
research and unwavermg purpose In the earher years, although the 
work was fully appreciated by the growers m the remon, scientific 
workers elsewhere did not give entire credence to the remarkable 
evidence uncovered As tune went on, Shamel and his coworkers 
answered their critics by applymg statisticcd methods to the data, 
which gave oonvmcmg proof of &e conclusions Later, numerous 
bud mutations were also discovered m other frmt types, mcluding 
apple, and by the tune the work was no longer challenged the results 
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achieved stood out as monumental in this particular field of research 
The practicol benefits to the industry can bo gaged by the millions of 
selected buds that have been used by the citrus growers in California 
and elsewhere A summary of the bud mutations and strains isolated 
by Shamel and his coworkers is to be found in table 8. 

In Florida a bud-selection project has been in progress since 1921 
The mode of procedure differs somewhat from that followed in C’ali- 
fornia and was developed cooperatively by the Florida Agricultural 
Experiment Station and the Department of Agriculture. At the 
Lake Alfred Citrus E^erimont Station a progeny grove has served 
as the basis of variety improvement In this progeny grove standard 
varieties of oranges and grapefruit are represented oy rows budded 
from parent trees of known production, several such selected parents 
being included for each variety. Production records have been kept, 
and a detailed study of fruit characteristics has been mode as the basis 
for reselection among the original progenies For purposes of com- 
parison a few offtype progenies have been included, which have served 
well to illustrate tne iin])ortance of careful bud selection in nursery 
propagation. Growers and nurserymen have gradually come to realize 
the value of such true-to-typo budwood, which has been made available 
through the experiment station for several seasons past at a cost not 
greatly in advance of common commercial rates 

Other bud mutations of value to the citrus industry are Foster, 
Thompson, Ruby, and Davis grapefruit (described above), Silverhill 
satsuma orange, and Oklawaha sour orange, the three latter being 
seedling or nuceller mutations 

ROOTSTOCKS 

A NUMBEE of citrus types and varieties are of major imiiortance be- 
cause of their value as rootstocks for the varieties grown commercially. 
In the early development of the citrus industry, especially in Florida, 
seedling citrus trees were extensively planted, but gradually this prac- 
tice was discontinued, as it was realized that certain rootstocks were 
better adapted to the soil conditions. This advance was made by the 
expensive trial-and-error method, and the stage reached by the ISOO’s 
was recorded by Van Deman {81) Planned experiments with root- 
stocks have been relatively rare. In California, Mills (45) has reported 
results secured at the experiment station at Pomona, and Bonns and 
Mertz (5) described the experiments carried out at the Citrus Experi- 
ment Station at Riverside. The important work of Webber {85) at 
the citrus station is an illuminating piece of research into the seedling 
variation of the types commonly used as rootstocks. Unfortunately, 
the work of Taber (fig. 16) quoted by Hume {Sl,pp 209-218) at the 
Glen St. Mary Nursery in Florida was di^ntinued too soon Traub 
and Friend (77) have reported on preliminary experiments in the 
lower Rio Granae Valley of Texas. Akenhead, Feilden, and Hatton 
{1) have recently summarized the investigation on citrus rootstocks. 

As indi c at e d, the horticultural utilization of rootstock types b 
based at present mainly on the knowledge accumulated throum 
many years of trial and error. The final rraults are very valuable, 
though they were secured at great economic expense. The entire 
field has not been exhaustively explored. 
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In general it may be stated that m Florida, as pomted out by 
Camp (4), the rootstock problem is more complex than m the lower 
Rio Grande Valley of Texas, m Califorma, or m Anzona 
Three major considerations are necessary m the choice of suitable 
rootstock — congeniality between stock and scion, resistance to 
diseases, and adaptation to the soil and chmatic conditions Root- 
stocks have been tested over a 
considerable period by commer- 
cial growers, and at we present 
time only three are extensively 
used — sour orange, rough lemon, 
and the tnfobate orange The 
Cleopatra mandann has recently 
received some attention as a root- 
stock In Florida, trees on grape- 
fruit stock grow vigorously m the 
early stages but usually prove to 
be shy carers and show declme 
after a number of years Sweet 
orange is susceptible to foot rot, 
and Doth grapefruit and sweet 
orange are less cold-resistant than 
sour orange The commercial 
lemon is susceptible to diseases, 
and trees on it are short lived 
The citrange has been tried as a 
substitute rootstock in place of 
the trifoliate orange lor the 
satsuma orange, but recent obser- 
vations have shown that the cit 
range is not reliable in the Gulf 
coast r^on, since it is c\ ergroen 
and does not go dormant sulEc- 
lently during the wmter season 
This has resulted in the loss of 
the scion variety m some seasons 
The sour orange is a useful 
stock m all citrus CTowing r^ons 
except South Afnca, where all attempts to use it so far have f^ed 
It IS compatible with most citrus types except satsuma, kumquat, 
and lime In Cahfomia, lemon trees on this stock may show declme 
after 10 to 20 years, which has been attnbuted to the stock For 
this reason many of the recent lemon plantings m California have 
been budded on the sweet orange The sour orange is hmhly resistant 
to cold and to root and crown bark diseases, but highfy susceptible 
to citrus scab Roots are deeply penetrating, and the stock is well 
adapted to clay subsoils and wet or heavy soils In Florida it is 
successful on moist hammock as well as on moist flatwoods soils 
and on the heavier soil types m general In Cahfomia, Anzona, and 
the lower Rio Grande Valley of Texas it tolerates irrigation conditions 
This, together with its adaptabihty to southwestern conditions, has 
made it the rootstock almost universally used m these r^ons Its 



Ftgftre 16 George Lindley Taber (1854- 
1929) pioneer nurseryman of Florida who 
demonstrated the limitation of the satsuma 
orange to trifoliate orange stock founding a 
new industry introduced Duncan grape 
lruit,Lne Gun Cong sweet orange andtrane 
ties of perBimmons, and ooiqierated with the 
Umted States Department of Agriculture 
in the production of early utms hybnds 
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m&in drawback la its relatively slower growth on light aoiU as com- 
pared with rough lemon, but on heavier soils the rate of growth la 
satisfactory 

The rough lemon (Oiirua hmonm) makes a aatisfactory growth 
even on veiy light and sandy soils This makes it valuable m certain 
sections of penmsular Florida It is liighlv susceptible to citrus scab 
and susceptible to foot rot and other loot and crown diseases, but 
tills apparent haneiicap is imnimired, feir on sanely soils these eliscascs 
are less troublesome than on the hea\ ler ones It is e\tcnsi\ ely used 
as a rootstock for citrus on soil types not suitable for sour orange m 
Florida It is not well aelapted for use with the satsuma orange, 
jiroducmg coarse, raggy fruit 

The tiifohate orange was once recommended as a rootstock for 
citrus m the lower Rio Grande Valley of Texas (48) chiefly on account 
of cold resistance but it proxed susceptible to foot lot and cotton 
root rot and was latci discarded m favor of the sour orange (77) In 
the upper Gulf coast region it is umxersillv used ns a root stock, 
since it IS decieluous and goes more dormant dunng the winter season 
than exergrecn citnis types It is the hardiest of the citrus types 

Recently the Cleopatra mandaim has been lecommended as a root- 
stock m place of rough lemon chieflj on the basis that it is more 
cold resistant than the rough lemon and tends to pioduco better 
textured fnut, holding fruit later m the season m gooci condition It 
IS immune to scab and resistant to guinmosh However, experimen- 
tal work has not been earned out extensively enough to wairant 
unqualified recommendation 

It has already been pointed out that most citius seeds produce more 
than one seedlmg, ana that any extia seedlings not of semmal ongm 
are produced by buddmg from the mother plant tissue On the sur- 
face it would appear that this is an ideal condition from the standpoint 
of seedlmg rootstock production since it would give a largo per 
centage of plants like the oiigmal stock, and this is true m the mam 
Webber (85) and Frost (SO) have shown however, that variations 
may occur even among such nucellar seedlings 1 cost pomts out the 
mfiuence of mutations m this coimiction The work of Webber is 
of special mterest His oxpeiiments, which were started m 1914, 
show that — 

citrus seedlings of the species and varieties most commonly used as rootstocks 
exhibit a wide range of variation In any lot of seedlings grown from seed of the 
same variety and from the same source the great majority usually arc of tho same 
l,eneral type but from 5 to 40 per cent of them arc highly variable Woes which 
apparently differ m genetic constitution from the prevaihug type and from each 
other 

These variants may mclude both apogamic and semmal seedlmra 
They are usually small and lackmg m vigor and when used as stocks 
mduce dwarfing of the tree His experiments show that small seed- 
lings and “sm^ budhngs tend to produce small, low -yielding orchard 
trees, and that large seedlmra and large budlmgs tend to produce 
comparatively large, high-yielding orchard trees ’ In order to secure 
the desired uniformity m orchard trees, Webber advises “a moderate 
culling of small seedlings at the seed bed. followed by a careful roguing 
and destruction of all variants and small seedlings m the nursery just 
prior to the budding ' 
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CITRUS IMPROVEMENT IN FOREIGN COUNTRIES 
This section, like the similar sections in connection with other sub- 
tropical fruit crops, is based almost entirely on replies received to the 
questionnaire dealing with the Cooperative Survey of Plant and 
Animal Impiovement The information received mainly concerns the 
present ana futme objectives of breeders 
Mexico 

Citrus studies aie earned on at expeiiment stations of Montemore 
los, Nuevo Leon, El Yaqui, Sonoia and Empono Macuspana, Ta 
basco Infestation of fimt by the oiange maggot Anaatrepha ludens 
Loew, constitutes the most serious pioblem Methods of attack are 
being studied, but without practical results thus far 

Sooth America 

\t the Institute Agronomico do Fstado de S£o Paulo m Bi azil, work 
with citius under the diiection of C A Kruge, head of the genetics 
depaitment. is bemg conhned piimanly to the improvement of vane 
ties by bud selection and to the improvement of the sour oiange 
rootstock by making extensive progeny tests The disease resistance 
of rootstocks IS also nemg studied 
In Chile no breeding work with subtropical fruits is under way at 
the expeiiment stations but Salvadoi Ezquierdo at Santiago has for 
many years introduced vaiieties of citrus, avocados, etc , to test their 
adaptability to Chilean conditions 
At the Estacion Expciimental de Concordia Argentme Republic 
Signor Ruben Bence Pieres, directoi of the station, is conductmg ex- 
pel iments with citius which concern the selection of sour oiange 
seedlings, with a view to obtaining strong, vigorous, fast-growing 
plants A naturally occuinng hybrid mandarin named Malvasio, 
with a laige fiuit, fine nnd color, excellent quality, and late matunty, 
is bemg tested and shows promise of commercial value The mam 
mtroduced varieties, which have been selected from a laige number 
and are bemg extensively cultivated, aie the Marsh and Qunan gryie- 
fnut and the Valencia and Lue (Lue Gim Gong) sweet oranges The 
cultivated aiea of giapetiuit and sweet oranges approximates 5 000 
acres, with about half devoted to each type The mam problem that 
confronts the citrus mdustiy is the ravages of foot rot Work is m 
progress for the selection of resistant stocks, as mdicated above 

EimoPE AND North Africa 

At the Estacion Naranjera de Levante at Burjasot, Valencia, 
Spam, work has been cam^ on m sweet orange breramg smee 1027 
under the direction of Manuel Herero The work has bwn confined 
mainly to selection from open-polhnated seedlmgs of Washington 
Navef Two improved varieties have been select^, one round and 
the other oval m form These are bemg cultivated to the extent of 
about 375 acres Hybridization work was begun m 1932 and is being 
earned on to the second generation after crossmg The crosses made 
are those between the sweet orange and the mandann 
A Biraghi, pathologist, Italian Department of Agnculture, Rome, 
reports that the chief problem with citrus culture m Sicily is m con- 
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aection with the disease mal secco, chiefly affecting lemons At- 
tempts are being made to breed varieties resistant to this disease 
Two resistant lemon vaneties of unknown ongm and not desirable for 
quality have been found locally, and promising varieties have been 
imported from India (2) and the United States for use in breedmg 
experiments 

At the Supenor School of Agiiculture, Laboratory of Horticulture, 
Athens, Greece, P Th Anagnostopoulos has Mthered together a 
collection of citrus species for selection and breedmg work 

In Morocco, under the leadership of F Lacarelle, director, and 
Ch Miedzyrzecki, geneticist, Experimentation Fruitifire et Marai- 
chdre, Rabat, citrus mut improvement is being studied through several 
methods (1) Bud selection (2) hybridization to secure improved 
varieties and vaneties lesistant to disease and (3) selection of stocks 
The vaneties receivmg the most attention are Washmgton Navel, 
Valencia Late, and Clementme A special study of the seed content 
of the Clementine led to tlie conclusion that seed production is largely 
dependent on tlie pioximitj of othei varieties especially of mandann 
oranges, to furnish pollen to tlie flovveis of the Clementme, self- 
fertiuzed flowers being almost setdkss (SS 39) 


Asia and Malaya 

At the Jewish Agent y Agricultural Rt search Station, Rehoboth, 
Palestme, the experimental work was staited by J D Oppenheim and 
IS now being contmued by Ch Oppenheimer The work is confined 
primarily to improvement bv bud selection wluch was begun in 1934, 
and by hybridization begun in 1933 The first-geneiation hybiids 
have not reached fruiting stage The hybrids are from crosses of 
the Jaffa orange with other early and late vaneties, of the blood or^ge 
with the tangenne, and of the sour orange with the sweet hme The 
station has gathered together a collection of about 70 citrus vaneties 
Theoretical studies are under way on the mhentance of peel 
thickness m citrus and on the effect of polhnation on number of 

At the Imperial Horticultural Experiment Station at Okitsu, 
Japan, T Tanakawa is carrying on mvestigations m bud variation m 
early- And late-matunng satsuma oranges Sixty-one late strains and 
42 early strains are being tried out The work was started in 1925 
and IS still m progress Citrus hybridization work was bepn m W09 
Tyozaburo Tanaka, professor of horticulture at the Taihoku 
Imperial University, Taiwan, Japan, is engaged m citnw breedmg 
Kimiiiro Noro, pomologist at the Shizuoka (Japan) J^cultu^ 
Experiment Station, has made a collection of 80 bud mutations of the 

^Anhe^JD^^ment of Horticulture, Lingnan Umversity, Canton, 
Chma, G Weidman Groff, professor of horticulture, and Pui-Man Lei. 
Qu-Nm Shiu, and A N Benemento, pomologists, have gathered 
together a comprehensive citrus coUection for use m the selection of 
d^irable types of citrus and citrus relatives, particul^ from i^e 
south Chma area, with numerous mtroductaons from abro^ 
of the systematic work on this coUection has bwn earned out m collab- 
oration Vith the Umted States Department of Agnculture 
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R D Fordham, deputy director of gardens, United Provinces, 
Soharonpur, India, reports that citrus rootstock tiials are under 
way, including Khatta (Kama lime), Ciirvs hmonm, Sylhet, Bijon, 
Sadaphal, Jamben, Bilhari, Galgal, Sweet Galgal, Turanj, and sweet 
bme 

B Nazareth, supei intendent, Modibag Garden, College of Agri- 
culture, Poona, India, reports that studies of mutations occurring m 
the prmcipul citrus varieties, Santra Mosumbi and Ladoo, have been 
made, and many >v ell maiked sporting forms have been recognized 
Breedmg woik thus far has been confined to moss selection both for 
rootstock and for scion v metics Collections of scion and rootstock 
vaneties are bemg made to mitiate systematic bicedmg of fruit crops 
adapted to different soil and climatic conditions Attempts at hy- 
bndization made m 1912, 1914, and 1918 gave negative results 
Polyembryony in citius has been studied, show mg vaiymg percentage, 
from none in the pummelo to 60 percent m the Ladoo orange The 
Marsh (seedless) grapcfniit has been mfrodiiced for culture in the 
Bombay region goinn and CaNTRAi Afhica 

The Department of Agriculture, Zan/ibai, East Africa, is studying 
local and imported varieties of citnis m a senes of plots This work 
IS being csiiied out by A Q Fmdley, director 

Acstr4lia and Nfw 7eaiand 

At the Department of Amculturo and Stock, Bnsb mo, Queensland, 
bud selection of citius has been practiced for many years and Govern- 
ment certified bud wood is available for nuiseiymen The chief sweet 
orange vaneties grown aio Washmgton Navel, Valencia, Jaffa, Sabma, 
and Joppa The lemon vaneties are Lisbon and Villa Franca The 
mandann varieties are Beauty of Glenn Retreat, Emperor of Canton, 
Scarlet, and Fewtrel Eaily The grapefruit vaiiety is Marsh, and 
Seville sour orange is grown for marmalade Sour orange and rough 
lemon rootstocks are used foi citrus except that mandann is grown 
on mandann 

At the Department of AOTicuIture, Division of Horticulture, Mel- 
bourne, Victoria, J M Ward, supermtendent of horticulture, has 
earned on work in bud selection smee 1931, and up to the present 
one variety has been propagated — a thm-skmned early navel orange, 
which has not as yet been named The department also supplies 
buds of selected strams of the Washington Navel and Valencia 
to growers and nurserymen No work m hybndization has yet been 
earned out 

At the Department of Agnculture, Division of Horticulture, Well- 
ington, New Zealand, J A Campbell, director, has gathered together 
a representative collection of citms species and vaneties for intensive 
study 

H Wenhol/, director of plant breeding. Department of Agnculture, 
New South Wales, Australia, reports that citrus breedmg is being 
earned on at the Grafton Expenment Farm and the Hawkesbuiy 
Agncultural College with the object of produemg “a late haiiging 
navel orange” and a late Valencia of fine texture A cross has been 
made between Valencia and a very fine-textured seedlmg variety 
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TECHNICAL PROBLEMS AND RESULTS 
IN CITRUS BREEDING « 

Pbogresb in genetic research has been greatly retarded on account 
of the common occurrence of polyembryony in most citrus types, 
which makes it necessary to grow to the fruitmg stage large numbers of 
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eiffuv 17. — ^Embi^o dcydopment and aucdlar embr^ony in Cunu and Poncuus, 
after Osawa (50): Noa. 72, 80-85, tnfobate orange, 73-76, eauuma orange; 77, Wash- 
ington Navel orange. (Original magnificatioiu changed to conform to present reduc- 
tion.) 72, Two-nucleated embryo sac, X 570. 73, An ovule showing embryo sac, 
nuoelluB, and inner integument, X 175 74, Details of embryo sac of no. 73, with 

fbnr nuclei, X 570. 75, Embryo sac with eight nuclei, X 570. 76, A mature embryo 
sac with egg apparatus, polar nuclei, and anUpodal cells, X 570. 77, TbeSsame, X 570. 
80, Micri^ylar portion of an embryo sac, sowing fertihsed eggs, pdlen tube, and 
endosperm nuclei, especially some large nucellar cells containing large nnclens and 
much cytoplasm, X 175. 81, The same, X 265. 82, Micropylar portion of an embryo 
sac showing two-celled embryo ami endosperm nuclei, X 175 83, An older ovule, 

showing engJiryo sac, embryo, endosperm nuclei, nucellus, and integuments, X20. 
84, Upper portion of embryo sac of no. 83 more magnified, showing six-celled embryo, 
endo^ierm nuclei, and nucellus, X 175. 85, Upper porUon of an embryo sac, showing 
polyembryony, X 370. 

seedlings that have arisen asexually. That this section is not more 
complete is due in the mnin to this one_ cause. _ Even the grouping of 
citrus species {68) is complicated by this condition. 
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Cytological Basis for Citrus Genetics 
A study of the chromosome numbers and chromosome behavior in 
citrus is basic to a consideration of citrus genetics. According to 
Frost (20), it may be assumed that bud-variation types originate pri- 
marily either as gene (point) mutations or as chromosomal aberrations, 
and an understanding of these fundamental facts may also throw 
some light on the great variability 
of Fi hybiids between species. 
Strasbureer (66) determined 
I the haploid chromosome number 
as 8 in the sweet orange 
sinensis), the sour or bigarado 
orange (C. aurantium), and the 
citron (0. medico). Osawa (50) 
loported that the haploid chro- 
mosome number in the satsuma 
orange {C nobilis var. deliciosa) 
was probably 8 (fig 17). 

In 1924-2.5 bothFrost (fig 18), 
I at theCitrus Experiment Station, 
Riverside, Calif , and Longley, of 
the Department of Agiiculture, 
reported important work on the 
cytology of citrus. Frost (18) de- 
termmed the chromosome num- 
bers in two varieties of sweet 
orange (Citrus sinensis) and one 
4 variety of grapefruit (C. grandis), 
and in each case the haploid num- 
fifftre i«— Howard B. Froft, aaa^ie 9 jjg observed neither 

plant breeder, California Agricnltural Ex- 
periment Station, ance 1912, has made im- 
portant oontnbutiona to the cytology and 
genetics of citms and is the origmator of 
the Kara, Kumow, and Wilking mandaruu 

and the Tronta sweet orange. basic chromosome number of cit- 

rus as 9, but he also found 1 tetra- 
ploid species, the Hong Kong kumquat (Fortunella hindsii (Champ.) 
Swingle). He observed both polvspory and polycary in many forms 
He states that “irregularities in chromosome pairmg at diakinesis and 
m their distribution at meiosis were frequently noticed. The outcome 
of such irregularities was the presence of tetrads containing more than 
the expected four pollen grains.” In grapefruit, limes, and limequats 
polyspory was often observed. He points out that there may be “a 
relation between irregular chromosome numbers and the production of 
citrus with supernumerary chromosomes.” According to Longley, two 
factors, however, may hmder the spontaneous appearance of such poly- 
ploid forms — the possibility that only sex cells with 9 chromosomes 
are viable, and the infrequent use of seeds as a means of propagation 
However, in the early histoiy of citrus culture, seedlings were com- 
monly Ui^ in idanting groves, and the disappearance of polyjiloid 
forms is apparently because they are of little or no value in horticul- 


polyspory nor polycary. 

Longley (45) maoe chromosome 
coimts m 24 citrus species and 
citrus relatives and venfied the 
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ture, as Frost points put. Longley emphasizes the possible value of 
the tctraploid FortuneUa hindavi m hybridizing witn closely related 
diploid forms to increase the chances of obtaining forms with \m- 
usual chromosome complexes. 

Later, in 1925, Frost {19) reported on the discovery of certain 
“thick-leaved” apogarnic seocUings of sweet orange {Citrus sinensis) 
and lemon {C. hmonia) which 
proved to be tetraploids. lie had 
observed such types to the extent 
of several percent of the total 
progeny in some coses in 12 horti- 
cultural varieties of citrus, repre- 
sentmg 4 species, and in 2 botan- 
ical varieties, and he points out 
that they also may prove to be 
tetraploids. 

As to the cause of these forms. 

Frost postulated the possibility 
of “islands” of tetraploid tissue 
in the parent trees, so that not all 
tetraploid seedlings represent dis- 
tinct doubling of chromosome 
number. Against this view he 
found that the thiek-leaved forms 
have not been found in mature 
trees by Shamel and his cowork- 
ers, and stated that this might 
be due to “the slower growth of 
tetraploid cells which might keep 
them from multiplying sufficient- 
ly to dominate the apical men- Figure 19. — Herbert J. Webber, pioneer 
stem, rather than to failure of worker in breeding citrus and other crops; 
tetraploidy to originate outside United States Department of Agriculture, 
the nucellus.” He further sup- Cornell IMversity, lto7-12, 

ported the hypothesis by dting 

the f^t that m m^y cases a sanation as mfiuenced 

thiek-leaved seedhng has develop- h poiycmbryony. 

ed from a seed giving two or more 

nonhybrids, and in such cases the other apogarnic seedlings from 
the same sc^ have almost always boon normals. 

In connection with these thiek-leaved forms. Frost pointed out 
that they have not given promise of direct horticultural value, but 
they may be an aid in producing triploids or modified triploids by cross- 
ing with ordinary diploid forms, and that triploids wotild probably be 
practically seedless. 

In 1926 Longley {4^) reported his findings with reference to a 
triploid trigenenc hybrid, produced by Swingle and coworkers of the 
Department of Agriculture. This is a cross of the liniequat {Forty^ 
neUa margarita Swingle X Citrus aurantijolixi) with FortuneUa hindsii. 
Longley found 13 bivalent and a single univdent cbromoirome as toe 
reduce number, and he found indication of only slight irrj^larity 
in chromosome distribution during meiosis in the triploid plant. 
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These findinge led him to believe that tnploids may be produced by 
appropriate crosses, and that m the case just cited or similar crosses 
there is a possibility of producing a seedless kumquat More recently 
Longlev* has found a second tnploid, a sister hybrid of the first 
tnploid found Smee most tnploid plants are sterile, such crosses, 
it IS hoped, may lead to dovelopmg seedless fruits Longley later 
(Apnl 1928) found an mdmdual of Tnpha<,ia tnfdia P Wilson having 


18 chromosomes * 


POLVEMBRYONY 


In 1719 Leeuwenhoek noticed two einbiyos m orange seed, but it 
was not until 1878 that Strasbui^er (65) explained the true nature of 
the phenomenon of polyembryony m citrus as spoiophytic buddmg 
from nucellar tissue ^rost (19) in 1925 found that m a minor por- 
tion of nucellar embryos— less than 1 percent — two hybnds were pro- 
duced from one seed Instances have been noted of three and even 
four — only two cases of the latter — apparently true hybnds produced 
from a smgle seed * In one mstance (lemon X trifoliate orange) out 
of 782 seeds, 16 produced 2 hybnds from 1 seed, with 1 producing 1 
and 1 produemg 4 hybnds, which is slightly more than 2 percent of 
“doubling ” 

Webber (83) (fig 19), Frost (30) Toxopeus (74), and Torres (73) 
have shown that citrus tjqies vary widdy in the percentage of nucellar 
embryos produced (fig 17) In a recent study mode by Torres in 
the Philippine Islands, based on 50-seed samples, only the pummelo 
type did not exhibit polyembryony (table 2) 


Tabi ■ 2 — Polyembryony tn rants in the Philippine Islande 



After summing up the evidence with refeienco to the effect of polh- 
nation on polyembryony. Frost (30) stated that it appears “verv 
probable that citrus seeds do not develop without pollmation, although 
seedless fruits sometimes develop without pollmation even in vaneties 
normally seedy ” This would indicate that nucellar budding, which 
produces apogamic embryos, is at least verv largely dependent on 
some growth stimulus due to the fertilized egg, as suggested by 
Strasburger (86) and Webber (84) 

Frost (30) has shown that m interspecific crosses there is a negative 
correlation between the total number of seedlings and the percentage 
of hybrid seedlings, which shows the possible effect of competition 
among the embryos within the seed Duimg such developmental 

• tM^U of Swinclo s OTOOU In im 
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selecUon acting within the soma of the parent, the fertilized egg may 
be crowded out by the apogamic embryos, dependmg on the number 
of apogamic embryos that start and on the position and relative age 
and vigor of the two classes of embryos Evidence as to selective 
elimmation during germmation was secured by notmg the difference 
between the number of dissected embryos and the germmation per- 
centage m similar lots Durmg germmation, survival may be deter- 
mmed by the “difference m size, vigor, position, morphological com- 
pleteness, and susceptibility to infection ” It was mso noted that 
albinism causes the early death of many seedlings from some parents 

The vanation in the number of micellar embryos produced within 
a \ anety, and the possible effect of environments conditions on such 
vanation, led Trsnb (76) m 1936 to offer the hypothesis, based on pre- 
limmary experiments, that the number of nuccilar embryos produced 
might be artificially vaned by difference m food supply If the pre- 
limmary results can be firmly estabhshed by expenments now in 
progress, an effective method for use in breeding work would be pro- 
vided 

Swmglo (69) postulated that citrus vancties piopagated as clones 
are subject to senescence with age, and he cited the supposed dis- 
appearance or reduction m size of spmes m well-established clones 
as one of the clearest indications of such senescence He claimed 
that such clones might be at least partly rejuvenated, that is, 
become more spmy and vigorous, for mstance, when seedlmgs from 
micellar embryos were used as a method of establishmg a now elone 
This supposed nutntional effect of the embryo sac on the micellar 
embryo developed withm ho named the “new-lifc” or “neophyosis” 
hypothesis 

However, there are no facts to prove that citrus clones are subject 
to senescence, and it is questionable whether the supposed rejuvenation 
is explainable as a permanent genetic factor chaise due to a nutntional 
effect or may be better explained by Frost’s {0) theory of “islands” 
of miitatmg tissue in the nucelliis 

Evaiuation of Breeding Methods 

Mass selection from open-pollmated seedlings was the method of 
citrus breedmg followed by the early citrus growers It has yielded 
important results over long penods, but it is not now followed by any 
of the United States workers m this field The search for bud vena- 
tions and the use of hybndization are so much more promising that 
the method will be revived only foi use m special cases 

The practical bearing of a rapid mutation rate m citrus has already 
been discussed m detading the improvement of vaneties The 
question of the cause of such vanations remains to he considered It 
has been pomted out that Frost had postulated islands of tetraploid 
nucellar tissue as a possible explanation of the vanation m apoganuc 
seedlmgs, and the httle that is known as to the cytological basis of 
citrus Bud mutations has been ably discussed by Frost (SO) The 
worker m tlus field does not have a background of abundant expen- 
mental data and must make use largely of the principles estabh^ed 
by workers with more facile plant matenal such as maize, Nicottana, 
etc . m developing useful theones 
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On tlu3 basis Frost Bumman7ed the situation Bud variations 
presumably or^mating m single cells by gene mutation or by differen- 
tial mitosis are frequent m citrus Frost saj s 

In the former ca«c at least thtir somatic o\pression is doubtless favored by the 
presence of numerous heteroavgous recessive genes The production of recognis 
able bud vanations then requires bud formation in an area of variant tissue and 
may often be duo to irregular tissue development iii penclinal chimeras The 
abundance of bud \ariation \nth some citrus firms apparently depends upon a 
permanent chimtral condition of the types in question 

The selection of bud mutations as a tool in citrus breeding has 
yielded son e important results Apo^mic seodhngs followmg mter- 
specihc crossing na\e given iise to the Uavis grapefruit, the Siiverhill 
satsuma orange, and the Oklawnha sour orange In this group may be 
mcluded the Eveiglade and Palmetto limes and Weshart and Tnmble 
tangennes, although the supposed difference m these strains from the 
parental vaneties has not warranted their contmuance as distinct 
vnneties Evidence as to the behavior of the Lue orange indicates 
that this vanety is apparently a micellar seedling of the Valencia 
variety A group of unnamed navel orange seedhngs derived fiom 
seed of the Washington Navel polhnated with trifoliate orange pollen 
but showmg no hvoind characters offer promise m socunng new navel 
vaneties adapted to Gulf coast conditions In the same senes 
crosses made on the Thomson Navel gave only worthless fruits of tlie 
iliy type, while a laige percentage of the apogamic seedlings of the 
Wasmngton Navel are vigorous growers and produce micy fruits of 
more orless ment If some of these prove to fnnt satisiactonly under 
Flonda and Gulf coast conditions, a navel vanety may be found to 
meet the need m this section 

The work of Shamel and his coworkers in bud selection has preserved 
the ongmal strams of commercial vaneties and also yielded some 
supenor new ones, as already detailed 

Chace Church, and Denny (8 9) studied the mhentance of fruit 
composition in 18 mutant strains of Washington Navel orange and 
several mutant strams of Eureka and Lisbon lemons isolated by 
Shamel Scott, Pomeroy and Dyer {6S 64) Chace and coworkers 
concluded that differences m the chemical composition of fruit exist 
between mutant strains and that these are heritable In Waslungton 
Navel strams some of these differences were closely connected with 
physical differences and others not The differences generally found 
were in quantities of peel oil insoluble solids, and acids Less vana 
tion was found m the specific gravity of the fnuts and m the soluble 
sohds and sugars of the juice Strains of fruit with smooth skm were 
found to contain only small quantities of oil In the Lisbon lemon 
mutants significant differences were found m specific gravitv of fruit, 
proportion of rmd, and percentage of acids and m the Eureka lemon, 
m^rcentage of acids 

Haskins and Moore (,27) observed premature flowering, albinism, 
fasciation, twisting, and pelonoleaf formation m citrus seedlings grown 
from X-rayed seeds 

Selection within self-fertilized Imes as a tool has httle or no value 
m citrus breedmg on account of polyembryony m most citrus types 
The expenence of Frost (20) at the Citrus Eiqienment Station has 
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shown that there is great loss of vigor and fertility with selfing 
Toxopeus {74) and others have shown that the pummelo has no 
nucellar embryony and is usually self-polhnated The progeny are 
usually quite uniform, and m surh cases it is possible to develop more 
highly homozygous races by selection within self fertilized lines 

Hybndization as a means toward the improvement of (itrus varieties 
was undertaken by the Department in 1892 and has been continued 
ever smeo, and the progenies produced are being extensively tested in 
cooperation with the California, Floiida, Texas, and Alabama expen- 
ment stations and many citrus growers (70, 71, 84, 86) *^mo 
concrete results of defimto value have been achieved as a result of 
this cooperation, as detaded under the improvi nient of citrus vaiieties 
above Frost, in CaUfomia, has earned on valuable work in this held 
smee 1914, which has recently yielded piomising citrus varieties 
The work in Florida earned on by Camp and Jeffenes, m Alabama by 
Yates, and in Texas by Yainell and Wood was begun quite recently, 
and not enough time has t lapsed to yield any definite results 

IfNmn States DePARTMPNr oi AcRiruiruRE 
Ereeding Results 

Breeding work by the Department wis initiated by Webber and 
Swingle and is earned out on the cooperative testing basis with the agn- 
cultural experiment stations and citrus growers in the subtropical frmt 
regions The major pait of the work is concerned with mterspecifie 
hybnds m which (1) the mandarm orange type is crossed with other 
citrus types with the object ot sccunng high color of nnd and flesh and 
also the bouquet” of the tangenne in hybiid forms, (2) the lemon nnd 
lime are crossed with each other and withothei citrus types, (3) bige- 
neiic crosses of the tnfoluvte orange are made witli species m other 
genera, piimaidy to increase the hardiness of the offspnng, and (4) 
vanous crosses are made to exploie the possibihties in otiier directions 
The practical results from this work have been previously considered 
in the text and aie summanzod m table 7 of the appendix 

Mandarin Crossed Wuh Other Cams 

Among the interspecific crosses that have given the most interesting 
results IS the cross of the mandann orange species on the grapefruit 
In no cose were hybrid? produced when grapefruit pollen was trans- 
ferred to the mandarm orange stigma, but the reverse operation has 
yielded abundant results 

The first crosses of this nature were made by Swingle m 1897 and 
by Webber in 1898 Webber and Swmgle found wide variation m 
the Fi progeny Out of the first crosses two vaneties were mtroduced, 
as already mdicated, but in these the subceptibdity to scab of the 
grapefrmt parent was apparently dominant, and in addition the frmts 
were if such character that the keeping and shipping quality was 
unsatisfactory 

Durmg the period 1908— 12 Swingle, E M Savage, and F W Savage 
made a second senes of crosses of a similar nature The results were 
similar to those already stated, except that a number of the progeny 
were highly resistant to citrus scab and also possessed good shipping 
quahty An attempt was made to proceed a step farther through 
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selection from segr^ating seedlings in the Fj generation, but on 
account of excessive nucellar embryon 7 only one seminal seedhng of 
merit was secured, which gave me to a tangelo v anoty of promise, the 
San Jacinto This was introduced in 1931 

A further attempt was made to secure desirable tjrpes by backcross- 
mg the tangelo on the grapefrui^ and in this case a fair number of 
seminal offspring were secured In CTowth habit these resembled the 
pollen parent, the Sampson tangelo, but they wore less vigorous The 
iruit of two such backcrossos proi cd to be small, round, pink-fleshed, 
of low acidity and high sugar content, characters not present in either 
parent One variety of the pink-fleshed baekcross has been intro- 
duced as the Wekiwa 

Crosses made between the satsuma orange and the sweet orange 
have giien me to types somewhat similar to those secured by the 
tangerme-grapefruit cioss with the flesh color and shape of the sat- 
suma and the tight nnd and swe of the sweet orange (Ruby), but with 
hirfi acidity and late maturity not found in either parent 

The third senes of grapefruit-tangenne crosses were made by Traub, 
Robinson, and Saiage, 1934-16, with the object of producing ‘ seed- 
less’’ tangelos Marsh and its mutation, Thompson, and Dsms, all 
“seedless” vaneties, were used in place of Bowen, a seedy vanety, 
which was chiefly utilircd in pre\ious crosses These so-called “seed- 
less” varieties are highly self-sterile and interstenle and produce few 
or no seeds even in mixed plantings 
Crosses between the tangeime and the sweet orange generally gave 
types sinular to the latter but of small si/e 

Lemon-Lime Crosses 

Among crosses between the lime and the lemon, the Porrine lemon, a 
promising vanety, was found to be immune to citrus scab and lime 
withertip It has already been mentioned and will be discussed more 
fully under disease resistance latei 

Tnfohate Orange Crossed With Curus and FortuntUa Species 
Citrus hybnds involving trifoliate orange {Poncirus tnjoliaia) as 
one parent have given nse to interesting results The crosses were 
made by Swingle and Webber beginning in 1893 and at several times 
subseouently In the first senes 212 crosses were made and 13 
hybrid (citranges, i e^ tnfohate X sweet orange) were secured 
Most of these had the tnfohate orange as the seed parent, but in one 
case (Rusk citrange) the sweet orange produced the seed There was 
wide vanation m the characters of the hybrids In most cases the 
leaves were of the tnfohate type, but unifohate types were also 
secured All were evergreen m habit , in fnut character there was also 
great vanation m size, color, etc In all cases the nnd oil character 
was inhented from the tnfohate parent, and in most cases the jmee 
character was intermediate In none of the fnuts was the imoe 
character sufficiently hke that of the sweet orange to give these muts 
any prospect of commercial usefulness Most of the progeny pro- 
duced only nucellar embiyos when an attempt was made to secure an 
F* generation by self-pollination, except m the case of the Sanford and 
Phelps citranges, wmch showed hybnds with segregation for leaf 
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characters Seedling of these segregating vanottes were distributed 
for trial but thus far have produced nothing of special merit 
Hybrids were later secured by crossing the citrange and the kumquat 
As a result the objectionable oil content of the fruit was reduced and 
an acid fruit type secured which has been called the citrangcquat 
One of the progeny, the Thomasville, shows high resistance to citrus 
canker, which was inherited apparently fiom the kumquat ancestor 
The citrange crossed with calamondm has given an acid fruit type m 
which the dis^reeable oil is elimmated It has been called the Glen 
citrangedin This typo is relatively frost-resistant Attempts mode 
to secure the F 2 generation have been unsuccessfi 1 since only nucellar 
embryos were secured ^ 

Other Carus Crosses 


The lime crossed with the kumquat has given nse to small aeid 
frmted progeny w luch arc immime to lime withertip and decidedly nioi e 
frost -1 esistant than the true limes 

Various other crosses were made involving pummelo, sour orange, 
and other citrus species The most interesting is the cross between 
the Eustis limequat, with a haploid cliromosome number of 9, and 
the Hong Kong kumquat {FortuneUa hmdm), with a haploid chromo- 
some number of 18 Tins has given nse to a tnploid hybnd, os 
reported by Ixmgley, resembhng the Hong Kong kumquat but lai^er 
and of greater vigor It is of potential value in further crossing to 
secure seedless kumqiut types, since many tnploids aie self-stenle and 
mterstenle 


iNHbKITANCa IN ClTROS AND SElArEI) SPtCIES 

A number of hypotheses have been advanccil to explain the wide 
variation in the progeny secured in the hi generation citius crosses 
Webber (84) m 1905 suggested that there must be some influence, 
either direct or indirect, or male parent on nucellar embiyos, that the 
male element imparts the tendency to the segicgation of chaiocters 
that exist in the mother paient — characters that as a rule aie probably 
of very mixed ongm — but does not transmit any characters of the male 
parent The Mendehan principles of unit factors, dominance, and 
segregation seemed inadequate to Swingle to account for his observa- 
tions, and in 1913 he proposed the hypothesis of zygo taxis (G7) 

Swmgle defined his hypothesis of zygotaxis as — 

the anangement m svngamcte (evgote) of the chromatin and other hereditary 
Bubstaiicts derned from the parental gamcti s and the persistence of this arrange 
ment in the cells produced by the subdivision of the eyngamete 

In further explanation of his hypothesis he states 

It is assumed that the particular sygotactic arrangement taken up by the 
chromosomes of the patent^ gametes usually i^rsists with little or no change 
throughout the life of the organism • • * The fundamental idea underlying 
the term zygotaxis is that the architecture of the zygote with reference to its idio- 
plastio particles, as well as its mechanisms for transmitting hereditary tendencies 
into expression, is determined to some extent at the moment of fusion of the two 
parental gametes and that this arrangement of parts is transmitted to the cells of 
the organism to which the zygote gives nse 

The hypothesis of zygotaxis was vi^rously opposed by Hagedoom 
and Hagedoom («5) and by White (89) The former workers sug- 
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gested that variable Ft progeny in citrus crosses apparently are due 
to habitual self-stenlity and the sexual production of seeds White 
Mints out that the Ft variation in citrus hybnds in the light of the 
data at hand, apparently results fioni differences iti tlie gametic com- 
position of the heterozygous parents 

Frost {£0) sums up the evidence for and against the theoiy of 
zygotaxis and states that — 

enough la known of the production of new characters bv new combinationa of 
genes in crossing to warn us against setting any narrow limits to the probable 
results of recombinations in crosses hetnecn two highly heterozygous species 
* * * It IS concluded from the available evidence that citrus forms are in 

general extremely heterozygous ♦ * • This conception seems highly sig 
mficant * * • In the evolution of heterozygosis polyembryony probably 
was an important factor 

Frost suggested that lethal and sublethal effetts m selfing and 
crossing may bo the result of homozygosis of inevitably unfavorable 

S ines and may also be in part a result of incompatible recombinations 
eterosis, however, according to Frost, is probably more often 
secured m crossing 

Inberitance of Disease Resistance 
The various citrus types and varieties show great variation m 
inhentance of resistance or suscentibihty to vanous diseases The 
summary given in table 3 is based largely on the text by Fawcett {16) 
Wmston, Bowman, and Bach (90) studied the resistance of citrus 
types and varieties to sour orange scab, Sphacelomajawcetti, and 
found the following not susceptible Eumquat citron, Eansu orange 
(Cktrui junos Tan ) Mexican, Wogluni, and Taluti hmes, Royal and 
Tnumph grapefruit Cuban shaddock, Bergamot orange, most sweet 
oranges, and Cleopatra mandarin The work of Peltier and Fred- 
ench (6£) has shown that citrus scab cannot survive under California 
conditions, mdicatmg that suscoptibihty under certain conditions 
may not do apparent 

Fulton (gB) made a study of the susceptibihty of citrus types and 
vaneties to Key lime withertip or anthracnose {Ototoaponum limettv- 
colum) He found that the West Indian (Key) lime and the Domim- 
can (thornless) hme are highly susceptible Other hme vaneties 
have not given undoubted evidence of susceptibihty Hybnd West 
Indian limes, sweet orange, grapefruit, lemon, Citrus nobtlis, and others 
have proved immune Smee only two tvpes are highly susceptible, 
it is suggested that other closely related vaneties might be substi- 
tuted m culture It is mterestmg to note that susceptibihty seems 
not to be a donunant factor m Fi hybnds 

Peltier and Fredench {51) made extensive studies of the suscepti- 
bihtv of Citrus and related genera to citrus canker {Patfudommas 
ctin) under greenhouse and Gulf coast conditions Lee { 4 . 1 , 4^) 
made aimdar studies m the Onent Although there is no umuediate 
need for vaneties and stocks resistant to citrus canker, smee the 
epidenuc m the upper Oulf coast and m Flonda has been practically 
eradicated smee 1925, it is of advantage to select resistant types where 
possible as an insurance m case the disease should be inadvertently 
remtroduced Grouped m order of susceptibihty, vanelies of grape- 
frmt and pummelo (shaddock) proved extremely susceptible (except 
two pummelo vaneties, Hirado and Siam, and the Tnumph grape- 



Tablb 3 — Rdative suscepabduy of citrus species and varieties and related species to principal d 


CITRUS FRUITS 


801 




YEARBOOK, 1937 


fruit) Lemon vanetiea and the tnfoUate orange {Poncmia tnfolxata) 
are only slightlv less susceptible than grapefruit Classed as moder- 
ately susceptible are the sweet oranges sour oranges, citrons, and 
limes, except that the Tahiti hmo is much less susceptible than the 
Mexican lime The mandann group (Ciinis nohhs vaneties) as 
a whole is only slightly attacked, as is also the oalamondm The 
outstandmg resistant members of the edible citrus fnut group proved 
to be the kumquats (JforluneUa spp ), except the susceptible Hong 
Kong kumquat (F hindsvi), resistance in kumquats amountmg to 
practical immumty under field conditions 

The extensive citrus canker tests made by Peltier and Fredench 
(61) afforded opportimitus for testmg the numerous hybnds devel- 
op^ by the Department these hybrids mvolvmg reciprocal crosses 
between numerous species and vaneties rangmg m their reaction to 
canker mfection from extremely susceptible to very resistant The 
results of these tests may be bnefly summarized as follows All the 
tnfoliate orange first crosses proved quite susceptible to canker, 
like the parent, Poncirua trrfoltaia In the second cross, that is, 
citranges crossed with other parents, those hybnds with the man- 
dann orange or the kumquat as one parent proved decidedly resistant, 
m fact, the citrangequat (Thomasville vanety) proved practically 
immune, fully as much so as the kumquat Likewise the limequat 
and the ora^oquat can be regarded as similar to the satsuma m 
resistance Ime calamondm, while somewhat resistant itself, does 
not carry this resistance into the hybnd, with one exception, the 
citrangeclm (citrange X calamondm) Most of the CTupefruit 
hybnds have proved quite susceptible, although certain of the tanger- 
me and satsuma crosses with grapefruit (tangelos) show enough 
canker resistance to place them beside the mandann oranges m their 
resistance to canker Peltier and Fredench conclude “In the search 
for promising canker-resistant plants the results of over 4 years’ 
mvestigations seem to pomt to the fact that our best plants will come 
from the hybnds ’’ 

Gummosi^ a disease caused by Phytophihora citrophihora, has been 
studied by Elotz and Fawcett (57), who tested 78 species and vaneties 
for resistance The sour oranges proved very resistant, while tiie 
lemons wore most susceptible Klotz {36) has shown that the resist- 
ance apparently is duo to some cellular product of the host that has 
an mlubitmg action on the fungoid enzymes 

Toxopeus (76) reported that the factor or factors for resistance to 
foot rot (Phytophlhora -mras^iica) might possiblv be recessive, and m 
that case he suggests that selection for mdividuals resistant to this 
disease be made m the second generation (Fg) after crossing 

Inheritance of CAPAcmr to Produce Yitahins 

Prehmmary tests have been made mdicatmg how capacity to pro- 
duce vitanuns is transnutted m citrus hybnds The only publiwed 
report {71) has to do with t^ts made m 1928 with the Sampson 
and Thornton tangelos, comparing the vitamm B content of these 
^bnds with that of the parental vaneties, grapefmt and tangenne 
These tests, nude by the Bureau of Chemistry and Sods of the 
Department, were summarized as follows 
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Both charts arc in agreement in showing tangenne mice to be a better source 
of vitamin B than the ]uico of the other frmts f^, and also that tangelo juice is 
approximately equal m vitamin B potency to grapefruit juice Therefore, with 
respect to vitamin B production the tangelo has inherited the characteristics of 
the grapefruit (.71 , footnote, p S) 

With respect to vitamin C, which is of still more importance m 
the citrus fruits, tests are in progress and some mdications as to 
mhentom e have already been secured These preliminary tests (IS) 
were made dimng the 1936 36 season by Esther P Daniel, Bureau 
of Homo E(onomi(S, m cooperation with Traub and Robmson, 
Bureau of Plant Industry, of the Department In these tests the 
ascoibu acid content of fruit simples at matunty was determined 
by the titiation method The figures below mdicate milligrams of 
ascorbic acid per c ubuc centimeter of juice 

Ihc Thornton and Orlando tangclos (range 0 33 to 0 36) gave rcsulto approxi 
mating those of tlic Bocccii grapcfniit parent (avera^ 0 35) tic Sampson 
Minncol i and Seminole (range 0 18 to 0 28) proved more like tlie Dancy tangenne 
parent (average 0 24) One variety tliat was grouped with the tangclos the 
Umatilla, but tliat in fact is a hybrid between satsiima and Ruby oranges gave 
a much higher content of ascorbic arid (0 40) than the true tangelos The 
Clement tangelo, which lias the Clementine as the polle i parent, had the highest 
content (0 04) Iho Clementine is reputed to be a natural hybnd between tlie 
sour orange and the tangenne and has a higher content of ascorbic acid (0 37) 
th m the Dancy (0 24) 

The Prrnnc Ipinon— a hybrid of lemon and hme — appears to inhent from the 

Icmo than from the lime, having an ascorbic acid content of 0 40 

as compared with 0 22 in the lime 

be limcciuat (I akeland) rinks low (0 17) like the hme jiarcnt It is interest 
ing to note that tlio swoc t lime (often railed sweet lemon) has a fairly hi^ ascorbic 
acid content (0 33) , despite its almost complete lark of citric acid Apparently 
there is no positive correlation between citrir and ascorbic and content 

Results at Statf Stations 

Cahjorma 

The hybridization woik at the Citius Experiment Station at River- 
side was begun by Frost (17) m 1914, and smcc that date pollinations 
were made mamly m 1915, 1916, 1928, 1929, and 1931 More work 
of this nature is planned for the next 2 or 3 years The work consists 
of selling and crossmg and the study of genetic variation m nucellar 
seedlings 

In general the work is confined to ciosses between species and 
within the mandarin orange group, CWrws nobdw In all cases selfing 
of the parents is earned mong as far as practicable with the work of 
crossing In all, six vancties of sweet orange, three of grapefruit, 
and four of lemon have been used m crossmg Within the mandann 
group four vanoties were used in crosses The chief results so far 
have been secured by selection withm the first generation (P,), but 
promismg Fi hybnds have been selfed, and crosses have been made 
between promismg hybnds and standard vaneties 

The Fi hybnd combmations represented by at least one mdmdual 
mclude the foUowmg Lemon and mandann (tangemon), mandann 
and mandann (of distmct botamcal vaneties), oran^ and mandann 
(tangor), grapefnut and mandann (tangelo), grapefnut and orange 
(orangelo), lemon and orange (oramon), and grapefrmt and lemon 
(lemelo) The most promismg hybnds not yet mtroduced seem to 
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be the following One each from King mandarin X Dancy tangerine 
(fruit of very good size, fair shape, and very good flavor), from 
Mediterranean Sweet orange X Dancy tangenne (very good fruit 
color and flavor, extra early), and from satsuma (Owan) X Lasbon 
lemon (fruit rough, very jmcy, seedless, high in acid, excellent m 
aroma) 

The most promising residts have been secured by crossmg within 
the mandann group Three varieties already mentioned have been 
introduced, and at least two or three more are under consideration 
as candidates foi mtroduction The earhest work at the Citrus 
Experiment Station led to the use of the Kmg mandann as the mam 
seed parent in these crosses 

Dunng the last few years certain hybnds from crosses of lemons 
with grapefniit and of “hedge bergamot” with grapefnut have been 
studied as possible stock types for lemons On the basis of tree 
characters, seed production, and resistance to inoculated phytophthora 
gummosis, several hybnds have been selected for further tnal, and 
a preliminary study of seedlings has been made At present one 
Wbnd from Impenal grapefruit X hedge bergamot and one from 
Eureka lemon X Impenal grapefruit seem most piomismg, although 
it is not certam whether they have enough nucellar embryony to 
produce aciequately uniform seedlings for rootstocks 

A general survey moludmg 3,800 trees is under way m a search 
for genetic differences from the seed parent Tetraploids are listed 
and studied, and a special study is being made of a few other progenies 
showing unquestionably vanant characters (diy frmt ^m one 
parent tree, nonnavel fruit and pollen production from two navel 
parent trees without pollen, late-npening fruit from one parent 
tree) A study of possible genetic differences in fruit shape (satsuma) 
and pulp color (blood oiange) among progeny of the same seed-parent 
tree has also been undertaken 

The related specialized studies earned on by Frost mclude’ 

(1) Polyembryony — Counts of total embryos and counts of generative and 
nucellar seedlings have been made for horticultural vaneties tetraploid and dip- 
loid nucellar progeny, and F, hybrids Among about 1 200 hybrids, 10 cases of 
duplicate hybrids (two identical hybnds from one seed) have been found ob 
Mously the result of embryonic fission Nucellar embryos seem to bo somewhat 
less abundant with tetraploids than with corresponding diploids 

(2) Tnploxdy and ielraplotdy — About 2 percent of about 3 800 nucellar seed- 
lings were tetraploid and have been especially studied These are of no horti 
cultural value A few hybnds have recently lieen produced by crossing a tetra 
ploid with diploids as pollen parents, the reverse combination failed to produce 
seed About IH percent of about 1,200 hybrids have been proved to be tnploid, 
none tetraploid, several tunes as many are suggestive of tnploidy, but their 
chromosome constitution has not been determine 

(3) Chromoaoma hehanor — Preliminary studies have been made on ohromo- 
some conjugation and segregation in diploids, tnploids, and tetraploids, and on 
irregularities at the miorosporad stage 

(4) Clonal aeneacenee — Studies are in progress on various juvenile characters 
of young seedhngs and clones, especially thonuness, scarcity of flowers, and general 
vigor of growth, and on their declme with mcreasing age from seed and moreasmg 
length of shoot growth 

(6) Chtmaraa and bud vanalton — Studies of tree and fruit characters have 
been made on forms that seem to be chuueral, m the general variety collection 
of citrus 
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The citrus hybndi/ation work by Camp and Jeff ones at the Flonda 
State Citrus Fxpenmont Station, Lake Alfred, with acid citrus fruits 
was begun in 1924 Numerous crosses have been made, incliuhng iC 
different combinations, with the following as parents Calamondin, 
Rangpur lime, Meyer, Genoa, and Villa Franca lemons, Jamaica and 
Key limes, and the limequat The Fi progoncy have reached the 
fruiting stage and are under test 

The work earned on in cooperation with the Department is eon- 
cemed with bud selection and with the testing of the citrus vaneties 
onginatcd by the Department 

The citrus progeny testing collection, begun in 1921, contains 52 
strains of oranges, tangelos, grapefiuit, and tangonnes selected from 
record trees, and these have been intensively studied PVomthe 
Bupenor strams budwood has been distnbuted in ((uantity to nursery- 
men Selections from Thompson and Marsh grapefruit and Valencia, 
Hamlin, Paison Brown, Temple, and Pineapple oranges are in 
greatest demand 

The Department hybnds have been tested out over a long penod 
According to the latest report, the utilization of Rusk and Morton 
citrangcs as rootstocks for the satsuma orange is promising 

Alabama 

The citrus work of the Alabama Agncultural Experiment Station, 
begun in 1933 in cooperation with the Department, is concerned with 
the testing out of over 50 strains of the satsuma orange, both early- 
and late-matunng, and with the selection in tho Fj generation of cit- 
rangc, particularly for high quahty fiuit aiul cold resistance The 
experiments have not been earned on for a sufficient ponod to yield 
concrete results, although several of the recently introduced satsuma 
orange strains appear promising for bardmess, early beanng, and 
fruit quahty 

The citrus breedmg work begun by V amell and Wood at tho Texas 
Agncultural Expenment Station m 1934 comprises a study of the 
adaptability of citius vaneties and citrus relatives, both for fruit and 
rootstock purposes mass selection of opon-pollmated citrange seed- 
lings, pnmanjy for cold resistance, crossmg and selfing m sweet 
orange, mandarm orange, grapefruit, and acid citrus friuts In all 
cases of crossing and solfing some cytological studies of root tips, 
buds, and young fruits are also earned along 

The followmg rootstock plants mtroduced pnmanly by the Depart- 
ment are under test ( 1 ) BahamoeUrus panxemUa Swmgle , (2) citradia , 
(3) Citrus aurantxjoltar— Key, Mexican. Raipur, Tahiti, (4) C 
auranhum — Afncan, Bittersweet, Brazihan, Paraguay, Roubidoux, 
Rough Seville, standard Sour, (5) C bergamxa Risso, (6) C ichangen- 
818 (7) C grandis — Tnumph, (8) C limetta Risso— sweet hme, (9) 
C hmoma — Keller, Meyer, Perrme, Ponderosa, Rickart, Rough, (10) 
C maxima Marr — Chmese pummelo, Cuban and Pink shaddocks, 
(11) C medvM — Diamante, Etrog, Indian, Italian, (12) C miiis — 
calamondin, (13) C nobUta — Cleopatra, (14) C stnetms — OroviUe, 
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Weldon, Raymond viUe, (15) citrange, (16) citrangedm — Glen, (17) 
citrangequat — Thomasville, (18) citrumolo (citrange X pummelo) 
(19) Umequat — Lakeland, Tavares, (20) Suen Kat orange, (21) 
tangelo — Altoona, Clement, Lake, Minneola, Sampson, Senunole, 
Thornton, Umatilla, Wekiwa, Yalalia 
The following crosses have been made (1) Sweet orange — Ruby X 
Hamhn, Valencia X Hamlin, Ruby X Meyer lemon and reciprocal. 
Parson Brown X Meyer lemon and reciprocal. Parson Brown X 
Ponderosa lemon, Pmeapple X Pink Marsh grapefruit, Valencia X 
citron (2) maiidann orange and hybrids Mcyei lemon X Clementme 
tangerme, Meyer lemon X Owan satsuma, Owan X Hamlm orange, 
Owan y Pink Maish grapefruit, Thointon X Clementine, Thornton 
X Fink Marsh, (3) grapefruit — ^Meyer lemon X Pink Marsh, Pme- 
apple orange X Pink Marsh, satsuma oiango X Pink Marsh, Thornton 
tangelo X ftnk Marsh (4) acid citrus fruits — Meyer lemon X Pmk 
Marsh grapefrmt, Meyer lemon X Mexican lime, Meyer lemon X 
Clementme tangenno, Meyei lemon X Eureka lemon, Meyer lemon 
X citron, Meyer lemon X Ruby oiange, Meyer lemon X satsuma 
orange, Meyer lemon selfed. Parson Brown orange X Meyer lemon, 
Parson Brown orange X Ponderosa lemon 
The citrus vaiietics ongmated by the Department, and also intro- 
ductions from abroad, have been tested out on a cooperative basis 
since 1930 The most promismg vanety in the testing collection at 
the Texas substation at Weslaco up to the present time is the Texas 
Navel, to which reference has alieady been made In coopeiation 
with the Department more than 50 strams of the satsuma orange, both 
early and late matunng, are under test at Texas substations at Angle- 
ton and Winter Haven, and attempts to select desuable mdividuals 
of high quality and resistant to low temperatures m second generation 
citrange progeny are under way at College Station 
Hawaii 

The Hawau Agiicultural Experiment Station (S8) reports that 
rootstock and vanety tests are m process to detennme the suitabihty 
of vanous combinations of scion and rootstock to different sites and 
soils Many recent introductions of promise are being tested m 
comparibon with the older standard vanetios 
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Present workers — H J Webber, ementus professor of subtropical horti- 
culture, Riverside, Ira J Coiidit, associate professor of subtropical horti- 
culture, Riversid^ L D Batchelor, diiectoi of Citrus Exjiorimcnt Sta- 
tion, Riverside, Robert W Hodgson, head of Division of Subtropical 
Horticulture, Los Angeles, R E Caryl, associate m orchard management. 
Riverside, H B Frost, associate plant breeder, Rnerside 

(5) Colley of Agriculture and Agricultural Experiment Station of the Umversity 

Early workers — H H Hume, John Belling 

Present workers— H S Wolfe, horticulturist m charge, Subtropical Experi- 
ment Station, Homestead, A F Camp, horticulturist in charge, Citrus 
Experiment Station, Lake Alfred, J H Jeffenes, superintendent. Citrus 
Experiment Station, Lake Alfred 

(6) Glen St Mary Nurseries Co , Glen St Mary, Fla ^ , 

Early werkers—G L Taber (trifobate rootstock inicstigations), H Harold 

Hume (persimmon mvestigations) 

(7) University of Hawaii and the Hawau ^^oultural Experiment Station 
Early workers — *J E Hiwns, *V 8 Holt, *J IW Wratgate 

Present workers— *3 H TEfeaumonL prmcipal horticulturist, ’W T Pope, 
ffaninr horticulturist, ♦R H Moltian, principal scientific aide, *J C. 
Thompson, prmcipal scientifio aide, *W B Storey, junior biological 
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(8) Louisiana State University and Agricultural and Mechanical College and the 

Agricultural Experiment Station 
Present worker — J C Miller, horticulturist in charge of research 

(9) Puerto Rico Agricultural Expenmtnt Station, Rio Pitdras, Puerto Rico 
Early worker — O W Barrett 

Present worker — Julio S Simons, agronomist for plant introduction and 
propagation 

(10) r^eral Experiment Station, Mayaguez, Puerto Rico 

Early workers — *0 W Barrett, *Holger Johansen, ♦T B McClilIand 
Present worker — *0 L Home, associate horticulturist 

(11) Panama Canal Zone Experiment Gardens, Summit 

Present workers — •J E Higgins, consultant m plant introduction and 
utilization, *Walter R Lindsay, acting director 

(12) Commonwealth of the Philippines, Department of Agriculture and Com- 

merce (eitnis, avocado, pineapple, and papaya breeding) 

(a) Bureau of Plant Industry, Manila 

Early workers — C F Baker, T P Reyes, P J Wester 

Present workers — J P Torres, J de Leon, F Galang, B K Morada 

(b) College of Agriculture, University of the Philippines, Department of 
of Agronomv laguna 

Present workers — N B Mcndiola, plant breeder and geneticist, J M 
Capinpin, plant breeder and cytologist, T Mercado, assistant plant 
breeder 

(13) Texas Agricultural Experiment Station 

Present workers — S H Yarncll, chief. Division of Horticulture, College 
Station, J F Wood, horticulturist, Weslaco, H M Reed, horticulturist, 
Angleton 

Subtropical and Tropical Fruit-Breeding Stations in Forlicn 
Countries and Workers and Present Work 


Europe and North Afnca 

Spam 

(1) Estaciou Naranjera dc Levante, Biirjasot, Valencia (citrus breeding) 

Prebcnt worker — Manuel llcrrero 

Italy 

(2) Regia Stazionc Spcrimcntale de Oliviooltiira ed Oleiiicio, Pescara (olive 

breeding) 

Present worker — Julio Savastano 

(3) Regia Stazione Spenmentale di Frutticultura c de Agnimicoltura, Aroieale 
Catania, Sicily (breeding for resistance to mal secco in lemons) 

Irench Morocco 

(4) Experimentation Fruitidre et Maraiehcre, Rabat (citrus breeding) 

Present workers — F Lacarello, Director, Oh Miedzyrzecki, geneticist 

Greece 

(6) Hellenic Kingdom Superior School of Agriculture, Laboratory of Horticul- 
ture, Athens (olive and fig variety studies) 

Present worker— P Th Ans^nostopolous 


Asia €md Malaya 

Palestme 

(6) Jewish Agency, Agricultural Experiment Station, Rehoboth (citrus breeding) 
Early worker — J D Oppenhcim 

Present worker — Ch Oppenheimcr 

(7) Agricultural School, Mikweh-Israel (collection of Jaffa orange bud mutations) 
Present worker — 8 Yedidja 

India 

(8) Poona, Bombay Presidency, Horticultural Section G) Ganeshkhmd Iruit 

Experiment Station, Kirkee, (2) Modibag (Garden), College of Agriculture, 
Poona (Improvement of citrus, mango, papaya, pmeapple, guava, pome- 
granate, fig, banan^ jujube, annona) 

Early workers — W Burns, S H Prayag. L B Kulkarni, H P Paranjpe 
Present workers — G 8 Cheema, horticulturist and professor of horticulture, 
P G Dam, assistant, S R Gandhi, assistant, S S Bhat, assistant, 
B Nazareth, assistant 
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(9) Department of Agriculture Biliar ^mango and papaya breeding) 

Present workers — R Zarbakht Kahn 1 orticulturist R Shah assistant 
S Prashad assistant 

(10) Royal Agricultural and Hcrticultiiral Society of India Alipur Calcutta 

(variety studies of tropical fruits) 

Ptesent worker — Sydney Percy Lancaster 

(11) Government Gardens Saharanpur United Provinces (lime mango and 

loquat improvement) 

R D Fordliam deputy director 
Straits Settlements and 1 edoratod Malay States 

(12) Department of Agnculture Kuala Lamp ir (pineapple 1 reeding) 

Prewnt worker — W D P Olds director of agriculture 

(13) Department of Agriculture and Pishcrits Bangkok (variety studies of 

tropical fruits) 

Present worker — Luang Suwan d rector general 
China 

(14) College of Agriculture Lii guaii ITniversitv Canton Department of Horti 

culture (variety studies of citr i avocado mango iiapaya pineapple ba 
nsma lychte diospyr s amoia arto arpus C hue so iliv (Cano to) 
etc ) 

Present workers — G Weidinan Groff profess r of 1 orti ulture Pui man 
Lei lu nin Shiu A N Beneuierito 

Japan 

(15) Imperial Horticultural Lxperiiiici t Station Okitsu (fig locpiat ai d oitrus 

breeding) 

Present worker — T Tanikaiva acting director 

(16) Chiba Horticultural College near Tokjo (loquat variety studies) 

Present wirker laiji Mik ] rofessor of pomology 

(17) Slizuoka Agricultural Lvp rimtnt Station (bud mutations of satsuma 

orange ) 

Present worker — Kimijiro Noro pomologist 
(IS) Taihoku Imperial Imvirsity lonnosa (citrus breeding) 

Present worker — Tyo/aburo lanaka professor of citnculture 

(19) Agricultural Expciiment Station Shinn laihoku laiwau (sul tropical 

fruit crops breeding) 

Present worker— Y Sakurai pomologist 
Netherland East Indies 

(20) Buitcniorg Botanical Gardens (improvement of citrus and other tropical 

^™Pi^nt woikers — G J A Lirra horticultural adviser H J Toxopeus 
geneticist 

Smth and Central Africa 


(21) Division of Plant Industry Union of South Africa Subtropical Horticultural 
^search Station Nelspruit Eastern Transvaal (papaya and pineapple breed 

Present worker — J D J Hofmtyr research horticulturist 

(22) Department of Pomology Umveruity of Stellenbosch (hg and ohve vanety 

*^^PnMent worker — O S H Reineoke head of department of pomology 
Southern Rhodesia . , , , ^ x 

(23) Citrus Experimental Station Masoe (mtrus variety trials) 

Present worker — L A Lee horticulturist 

(^<5**ESpartment”^ Agriculture (vanety tnals— citrus banana pineapple, 
mango papaya lychee andrambutan) 

Present worker— A J Findley, director 

S'^^Tgrioultural Department Ibadan (breeding of pineapple and vanety tnals 
with oitrus mango avocado and papaya) , , . . 

Present worker— E H G Smitn agnoultural botanist 
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, Australia and New Zealand 

Victona 

(26) Department of Agnculture Division of Horticulture Melbourne (bud 
selection in citrus) 

Present worker — J M Ward superintendent of horticulture 

New South Wales 

(27) Grafton Expcriineiit Farm and the TIawkesbury Agricultural College 
(citrus breeding) 

Queensland 

(28) Dtpartment of Agncult ire and Stock Brisbane (improvement of citrus 
avocado mango papaya pineapple date olive granadilla persimmon fig 
lo^at and guava) 

Present worker — (Appoii tment of rcbcarch staff in fruit croj s now ii dtr 
consideration) 

(29) Queenslai d Acclimatisation Society Brisbane (introduction of tropical ai I 
subtropical fruits) 

Present worker — R AUsopp overseer 

New Zealand 

(30) Department of Agriculture Horticulture Division Wellii gton (citr is 
avocado and olive vancty trials) 

Present worker — 7 A Campbell director Hortic ilt ire Division 

(31) Department of Sciei tiho ai d Industrial Research Plant Research B ireau 
Mount Albert Auckland (subtropical fruit variety trials) 

Present worker — Dr Alien 


Mexico Central America and thi Anlilks 

Mexico 

(32) Estacion Experimental 

(a) Acapulco G lerrero (inai go lime j tiieapple ai d avocado) 

(b) Oaxaca Oaxaca (mai go lime avocado) 

(c) lalapa Veracr iz (| apaya iiutngo pineapple) 

(d) Colima Colima (lime) 

(c) Leon Guanajuato (avocado) 

(f) Queretaro Queretaro (avocado) 

(g) Coalan del Rio Morelos (papaya) 

(h) Hccelcbakan Campeche (avocado) 

Honduras 

(33) Lancetilla Experiment Station (United Fruit Co ) Tela (Extensive tropical 
fruit variety trials) 

Present worker — Wilson Pojhi oc agricultural director 
British Honduras 

(34) The Agricultural Office Belize (introduction and testing of citrus varieties) 
Present worker — H P Smart agricultural officer 

Costa Rica 

(35) Alan Kelso Aparto 24b Punta Arenas (Private work tropical fruit crop 
introduction and improvement ) 

Cuba 

(36) Agricultural Experiment Station Santiago de las Vegas (variety tests and 
selections of citrus avocado mango banana and pineapple) 

Early workers — M Fortun J Ajete 

(37) Atkins Institution of the Arnold Arboretum (Harvard University) Cici 
fu^os (breeding of citrus and other tropical fruits) 

ftesent worker — H C Gray director 
Jamaica 

(38) Department of Agnculture Hope Kmgston (papaya and banana breeding) 
Present worker — I N H Barter Government botanist 

Tnnidad, British West Indies 

(39) The Imperial College of Tropical Agriculture (banana and other tropical 
fruits breeding) 

Present worker — E E Checseman professor of botany 


, South America 

Chile 

(40) Salvador Isquierdo Monedo 778 Santiago 

(Pnvate work confined mostly to introduction of new vaneties of subtropical 
fnuts ) 
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Brazil 

(41) Inatituto Agronomico do E<itada de S£o Paulo, Genetics Department 
(citrus and banana breeding) 

Present worker — C A Krug, head of department 
Argentina 

(42) Estacion Expcnmental do Concordia, Miiustcriode Agrioultura de U Naoion 
Argentina (citrus breeding) 

Present worker — Ruben Bence Pieres, ing agr and director of the station 

Table 4 — Chromosome numbers of Citrus species and varieties and reiated species 
{family Rutaeeae) as far as determined up to 1936 


[See literature ritat ns IS 11 tJ SI U I H H 71] 
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Table 7. — Summary of eitnu breeding by the United Stale* Department of 
Agriculture — Continued 

[Hybnda or selectloni introduced by the Department, 1893-1834] 
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Table 8. —Bud mutaUats in eitrui diirmerfd by darnel and coimrken, of the United 
State» Department of Agriculture, in cooperation iiilh the California Citrus Ixpenmint 
Station, ftiuenide, Calif, 1909-36 

SVFd ORANGf (WASIIINGION NAVLL S I RAINS) 
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Tabi b 8 — Bud mutations in citrus discovered by ^hamei and cotcorkers, of the United 
Slates Department of Agriculture, in cooperation tilth the California C itrus Experiment 
*'UUion, Riverside, Calif, 1909 36 — Continued 

LIMF SI RAINS 


Superior ^trains 

Improied Mericaa 

Improved Bears'. 


Sikctcl 

Selectel 



BemarJui 


1«3 stlettel buds sold by 
Frait Or iwirs Supply C n 


Noti. — The article entitled Improvement of Subtropical fruits other than Citrus, by 
Hamilton P Traub and T Ralph Robinson, appears in the 1937 leorfroofc Se/mraie on 
Improvement of Subtropical Fruits 





NUT BREEDING 


H L CRANI Pnnu|al Horli iltunst C A 
HLJiD Associate Pom la(,i8l and M N WOOD 
Pome Divisi n of Fniit and Vegetable 

Cr IS and Diseases Kureau of Plant InJusIry 


IvtPROVLMF NT in lints by some sort of selection was probably 
biouglit about originally by oive men wild animals and birds The 
more toothsome nuts wire the ones chiefly sought uftti and earned 
fiom place to plate or hiddtn in caches Weakir creatures forced 
by stronger rivals fiom warmtt ind more tomfortablo localities were 
obliged to steal thm food and t iny it to places safer foi themselves 
although often kss favorable foi the nuts winch they might lose to 
take root and thrive It w is by suth means that the productive 
areas were giadually expuukd and greittr hordmess and ability to 
grow at liiglui or lowti altitudes weie developed Ocean curients 
which have much to do with the distiibution of many kinds of seeds 
appear to have had little put m the caiiying of Temperate Zone nuts 
from plate to plait 

Planters have as ytt made littk s\sttmitic efloit to breed superior 
vaneties of any kind of nuts by hybiidi/ation This is doubtless 
because of the greit abundant e of wild nuts that m the post could be 
had for the gathering and moie ucently because of the practical 
difliculties standing in the way of tiet breeding especially the tune 
required to complete the cycle of a generation The countless cen 
tunes of crude selection through which such cultivated forms as 
hlbtrts almonds Persian (English) walnuts and European chestnuts 
have passttl have tended so to fi\ the types that to a large extent 
they now come fairly tiuo to type from seed although m tnis coun 
tiy none but grafted trees of selected vaneties are planted except 
when only seedlings aie to bo had Most of the nuts now on the 
world market are fiom -jccdling trees The extensive multiplication of 
supenor vaneties resulting from selective or controlled breeding is still 
greatly handicapped by practical difliculties m propagation especially 
m the cose of the more tlifTicult species of walnut and hickory 

CHFSTNET 

Chestnut improvement in this country has developed along four dis 
tinct lines— by selection from native seedlings, by the introduction of 
Old World species and the continuance of selection with them, by 
natural hybridization among various species and varieties when grown 
together, and by controlled hybridization the newest and most 
promising method , , , , 

Breedmg by selection from native species has contributed little, as 
few vaneties developed by this method have become promment 

827 
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The majority so originated are now obsolete, and it would probably 
be impossible to establish the purity of the supposed American 
parentage of the very few still grown by nurserymen. Numbers of 
hybrids exist that are plainly the result of natural crossing between 
native species, but none has commercial value. 

Because the American chestnut is very susceptible to what is known 
as blight, a fatal fungus disease from the Orient, which was first dis- 
covered in this country in 1904 and has since spread over practically 
the entire East, the cmef interest in chestnut planting now lies in the 
use of species from the Old World. 

Altogether eight species of chestnuts, including the closely related 
chinquapins, have been used in the chestnut developments of t^ 
country. Formerly the most important and abundant of these species 
was the American chestnut, Caslanea dentata (Marsh.) Borkh. This 
had a natural range extending from lower New England westward to 
southeastern Michigan and southward to northern Geoigia and east- 
ern Arkansas. As a tree it was one of the largest growing species of 
the Eastern States; a trunk diameter of 6 to 7 feet and a limb spread 
of 50 or more feet from the center of the tree were not uncommon with 
trees standing in the open. As a forest tree it >\as once a dominant 
species over large mountain areas of the Appalachian Range from 
Pennsylvania south to the Carolinas and eastern Tennessee In these 
regions a height of more than 100 feet with a diameter at the base of 


WHEN the chestnut blig/tt wiped oiu this magfiificent eastern forest 
tree in the early part of the present century, chestnut breeding 
became a pressing need. The most promising of all material at 
present is the Chinese chestnut. It is much more bli^-resistant 
than any others, and the nuts combine the large size of the European 
diestnut with the stveetness of the American. The Japanese chest- 
nut, which has considerable bligfu resistance, unfortunately produces 
nuts that are usually negative in flavor, but it may he useful in 
breeding. Selection and hybridization are being actively carried <w» 
by the Department of Agriculture with the object of developing 
varieties for bmh contmercial and htme growing that tvill be resistant 
to hli^ and if possible to weevils, and hardy enou^ to grow throu^- 
mt die chestnut range; bear heavy annual crops, beginning at a 
fairly young age; bear not more than three rather large nuts to the 
bur, which must separate cmtomalically; have fine texture, good 
flavor, and good keeping quality; be attractive in appearance and 
not subject to shell splitting; and have an inner skin or pellide that 
mU not adhere to the kemd. 
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not more than 2 to 3 feet was common. The trees were much sought 
after as material for telephone poles, fence rails, mine props, and 
other similar purposes where important factors were abundance, 
uniformity of size, freedom from knots, ease of splitting, and dura- 
bility both above and below ground. 

The burs of the American chestnut are relatively large and the 
spines long and compound. The nuts are coated at the apex, or 
nearly to the middle, with thick, pale down. The kernels are very 
sweet and palatable. Selected nut.s of this species are among the 
most delicious of any known. They were thouglit to bo the choicest 
of all chestnuts until the arrival of certain oriental strains, which 
proved to be their equal. 

Two other species of Castanea are indigenous to this country. Both 
are chinquapins and therefore not true chestnuts, although closely 
related. Those are much alike and are restricted to more limited 
ranges than the American chestnut. The trees are dwarfish or 
shnihhy in habit, and the nuts are home singly in small burs, which 
form in racemes or long, stringlike clusters. The nuts are small but 
very sweet. The better known of the two species is the tree or com- 
mon chinquapin, C pumila (L ) Mill. This occurs chiefly in the 
Southeast, from central Pennsylvania to Florida and west to Texas. 
The species occasionally forms hybrids with the American chestnut. 
One such hybrid tree was found, probably about 1896, by the late 
J. G. Rush, of West Willow, Pa This was propagated and dissemi- 
nated to some extent by Rush, after whom it had been named, but 
after a few years of experimentation he cut down the trees as he came 
to regard the vanety as merely a novelty of little practical value. 
However, trees are still grown by some who find it an mteresting form 
of considerable value for home use. The other species of chinquapin 
is the so-called alder-leaved or trailing chinquapin, C. alnifolia Nutt., 
a low-growing shnib confined to certam localities in the South Atlantic 
States and occurring rarely as far west as central Louisiana. This 
species has the peculiarity of reproducing itself by means of under- 
ground stems and forming dense thickets 

Develoh.ments From Early Introductions 

The first foreign chestnut introduced into this country was the 
European or Spanish chestnut, Catianea saliva Mill. The earliest 
record that has so far come to light appears m the notes of Thomas 
Jefferson, according to Bailey (5),‘ and shows that scions of a “French 
chestnut” were grafted by him in 1773 at his home, Monticello, near 
Charlottesville, Va. This species also is a large tree, growing in 
Europe to 100 feet in height and 30 feet in circumference, though in 
this country it seldom grows larger than a mediuni^ized apple tree. 
The trees are precocious and under American conditions very fruitful. 
The nuts are faige and usually very wod but rarely equal m quality 
to the average American chestnut. The tree is scarcely less fatally 
subject to bhght than the American chestnut and therefore is not 
longer being planted in blight-affected zones. 

The second foreign species to become important m this county was 
the Japanese chestnut, Castanea crenaia Sieb. and Zucc. This is a 

1 Itolio numbera in parenUieaei refer to Literature Cited, p 881. 
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relatively small tree or shrub growmg to 30 feet m height The 
species 18 charactenzed by sinalT stiff waves, great fruitfulness, and 
large size of nuts, which are sometimes enormous Occasionally the 
nuts are \eiy Mod but as a rule the flavor is mild or neutral and the 
texture somevdiat coarse Quite commonly the pellicle or skm cov- 
enng the kernel is thick or e\ en woody It may adhere tightly and 
be removable only by parmg with a knife The 8pene<i is quite 
resistant to hhght, although m the experience of the Division of 
Forest Pathology, Bureau of Plant Industry, United States Depart- 
ment of Agncultiire, it is exceeded somewhat m this lespect by the 
Chinese or hairy chestnut (C moUmima B1 ) 

The Chmese chestnut tree is intermediate in si/e between the 
European species os grown in this country and the American species 
It was known in the United States to a slight extent as early as 1853, 
but It may be said to have been introduced by the Department of 
Agriculture in 1907 “While very young it tends to develop many 
lateral branches with little tendency toward a central leader Later 
on it assumes moie defimte shape and becomes a standard tree It 
begins beanng relativ ely early and is sometunes highly prolific The 
outstanding feature of this species, m addition to the fact that it is 
apparently more resistant to blight than any other is the excellence 
of the nuts, many of which are as lai^e as the European and as sweet 
as the best American nuts They aio attractive in appearance often 
bemg of a rich mahogany brown and frequently glossy There is 
little down on the suiface and that only at the apex \Vhen in the 
proper stage of maturity the pellicle of the kernels tends to adhere to 
the shells rather than the kernels 

In 1799 Irenes du Pont came to New Jersey from France and ‘ after 
a residence at Beigen Point, where he took much pleasure in propa- 
gatmg a number of European seeds and plants leceived from I^rance, 
removed to Delaware in 1802 and settled on the Biandywme, where ho 
established the famous Du Pont Powder Mills ’ {26) At both places 
Du Pont paid special attention to brmgmg European chestnuts into 
this country, chiefly from his native home, and to dissenunating both 
these and their offspimg among his friends and acqiiamtances 
Records show that many varieties of European chestnuts, which 
dunng the eighties and nmeties became pronunent m this country, 
were derived from Du Pont mtroductions 
Powell records that scions taken fiom one of the Du Pont 
trees and grafted in 1850 on stocks of the native species Mve nse to a 
variety named Darlington, after Thomas Darlington, of West Chester, 
Pa , who was intrumental in dissemmatmg the variety This may 
have been the first chestnut grafting m this country after that of 
Jefferson 

Bc^inmng m the early eighties and continuing for about two decades, 
a large number of seedlings of European species were named and 

E roparated Some of these were popularly supposed to have been 
ybn^ with the Amencan species, but this was not proved A few 
were extensively used in top-working coppice growth m cut-over 
chestnut forest lands of eastern Pennsylvanm, New Jersey, northern 
Maryland, and northern Virginia All proved to be fatuly suscep- 
tible to blight The best-lmown varieties were Parian, Numbo, 
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Bidgeloy, Cooper, and Scott These are now rarely grown and are 
found only in districts outside of blight-affected zones Even there 
they are being replaced by better varieties 

A more recent group of varieties, bought by some to be partially 
or entirely European in ongm, although regarded by the ongmator 
as pure American, was developed by the late E A Riehl, of Godfrey, 
111 , from seedlmgs of unknown orn^ obtained from the nursery of 
Charles A Green, Rochester, N Y , and planted about 1890 To 
hasten the trees into early bearing Riehl grafted scions from them into 
the top of an old seedlmg American chestnut The rcsultmg nuts so 
impressed him that he named the variety Rochester From Rochester 
seedhngs ho selected and named a number of still better varieties such 
as Progress, Fuller, Champion, and Van lleet Gibbons, from the 
samo bouice, has been added since Riehl’s death in 1924 However, 
these vaneties, like all otheis having either European or Amcncin 
paientage, are very susceptible to bhght, and when once affected 
the tioes perish (luickly 

The Japanese cncstnut, Castanea irenata, has also been a source of 
numerous vunotics havmg dtsirable chai actons tics At cording to 
Fuller m), the (.nrlust lecoidcd intioduction of this species took 
place in 1S76, when a niunbci of trees were leceived by S B Parsons 
& C'o , nurserynun at Hushing N Y , from Thomas Hogg, a skilled 
hoiticultuiist of this countiy who spent several years m Japan collect- 
mg raie kmds of trees and shiubs These trees frmted in 1878 and 
soon attricted attention on account of the large size and excellent 
quaUty of the nuts and thou precocious beanng habits Accoidmg to 
Powell {26), “Faison’s Jipan ’ was well known foi a few yeais, but 
presently disappcaied 

In 1882 the late William Parry, of Parry, N J , imported 1,000 
grafted trees from Japan, and from them a single tree, the Parry, was 
fmally selected and became the progenitor of many vaneties In 
1880 Luthci Burbank, of Santa Rosa, ( ahf , planted, large Japanese 
chestnuts collec ted for him in Japan, and from ovei 10,000 beanng 
seedlings ho selected 3 as worthy of perpetuation — Hale, Coe, and 
Mcharland In 1915 he introduced anothei variety. Miracle, also of 
Japanese ongin Gioups of Japanese vaneties were developed by 
J W Ken, Denton, Md , and J W Killen, Felton, Del , probably 
from seecl procured fi om Parry or other importers Eat h of these men 
introduced a considerable number of carefully chosen vaneties, of 
wluch Black, Felton, Kent, Kerr, Killen, and Martm aie still bemg 
grown oci asionally on the Chesapeake Pemnsula 

Developments and extensive plantings of Japanese and European 
chestnut vaneties made from 30 to 40 years ago mcluded those of the 
Albion Chestnut Co at Clcmenton, N J , the Mammoth Chestnut 
Co and Joseph Williams at Riverton, N J , Joseph T Lovett at 
Emihe, Pa , the Paragon Nut & Fruit Co , Lancaster, Pa , and C K 
Sobei , Lewisburg, Pa 

Breeding by Hybridization 

Chestnut breeding by controlled cross-pollmation appears to have 
been the first work of the kind undertaken in this country, if not in the 
world, with any species of nut, and a number of apparently good 
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vaneties were so de\ eloped Unfortunately, chestnut blight entered 
from the Onent at about the time the hybrids were ready to bo intro- 
duced, and none proved to have sufficient resistance to this disease to 
justify extensive planting This early work was undei taken almost 
simultaneously by two men wholly unknown to each other and living 
in remote sections of the country Both died about the time that 
matenal was becoming a\ ailable with whic h the next steps in breeding 
and the dev elopment of bhght-resistant v aneties might hav o been taken 
The first w ork a^ears to have been that begun m 1888 by George W 
Enchoott, of Villa Kidge, 111 , a veteian of the Civil War, farmer, and 
practical fruit grower In that ycai he began a search for an American 
chestnut tree blossoming early enough to funush pollen foi use on the 
pistillate flowers of the Giant (Japan Giant) vanoty (39), which 
prolific but not of high grade It was as a lesult of such a cioss 
made by him in 1895 that he developed the Boone variety 

The next hybricU^mg vioik with chestnuts began in 1804 when 
Van Fleet (43) well known m this country as a breeder of loses and 
small fruits, who w as then an associate editor of the Rural New York- 
er, dusted pollen of a nativ e chestnut on the pistillate flowers of Pai a- 

E on, a popular vanety of European paientage Tho resulting secd- 
ngs w ere grown on the pi ivate gi ounds of V an Fleet m Little Silv or, 
N J Conung mto bearmg in 1906, they showed unimstakablo signs 
of hybiidity and might have become valuable had they not been seri- 
ously attacked by cliestnut blight a year or so after beginning to fruit 
The penod of Van Fleet s most important work in chestnut brooding 
began in 1900 Between then and tho tune of his death in 1921 lie 
made thousands of crosses using many species and growing hybrids 
througli several successive generations IIis eailier work laigely 
consisted of crossing the native chinquapin, Ca<>tavea pumtla, witli 
such leading European varieties as Nurabo and Paragon and such 
Japanese sorts as Parry (Parry's Giant), Killeii, and H»do To some 
extent he also used pollen from native wild tiees of the Aiiiencau 
chestnut In his later work he mcluded the Chinese chestnut, C 
moUitsma 

The final results of Van Fleet’s work weie practically ml, so far as 
production of commercial varieties was concerned, for the reason that 
all hybrids havmg any degree of either Amcncon or European parent- 
age proved susceptible to blight and soon succumbed However, one 
hybrid, designate as S 8 from its position m the orchard, ancl be- 
lieved to hav e been the result of a cross of chmquapm with Japanese 
chestnut, is bemg tested under controlled mfection conditions for 
possible resistance Recent reports mdicate ^at this hybrid is not 
sufficiently resistant to blight to justify general plantmg 
The work of both Endicott and Van Fleet is important because it 
gave information as to the possibility of using different species m 
breeding and it developed a useful technique 
The chestnut breeding of Van Fleet has been continued and ex- 
panded by the Division of Forest Pathology of the Bureau of Plant 
Industry with G F GravattandR B Clapper in charge Thousands 
of crosses have been made involving the eight species, and the work 
has been earned throu^ seveial successive generations Selections 
are now bemg made of we most promismg mdividuals for vanetal use 
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Defects and Merits of Presfnt Varieties 

Present vaneties of the chestnut have many serious defects, of 
which susceptibility to certain natural enemies is most prominent 
One of these enemies is chestnut blight, the fungus disease already 
refeired to as attacking all species in varying degrees It has spread 
rapidly over the native range of the chestnut since it was first dis- 
covered on Long Island early in the present centuiy It is most 
serious with the American and next with the h]uiopean chestnut 
Japanese varieties and seedlings aie resistant Varieties of the 
Chmese chestnut, Cn'^tavea moUisnma, appear to be even more re- 
sistant, and as the nuts aie geneially supeiior to tliose of the Japanese 
chestnut, the species appears to offer greater promise for orchard 
planting 

Chestnut weevils aie native pests attacking all choice varieties with 
about equal severity If any chestnuts arc less subject to this menace 
than others they are the kigest and least palatable of those from 
Japan The atfult weevil deposits its eg^ deep m the immature 
kcinel when the nut is paitially grown One egg or many may be 
plated m each nut They hatch at about the time the nuts ripen, and 
the laivac feed and fatten inside the nut, then boic their way out and 
enter the giomid for the winter stage In eaily npcning vaneties 
these insects often do not appeal until after the nuts have amved in 
tho mai ket A few day s latei , especially if the w eathcr is w arm, and 
about the time the nuts reaih the consumei, the white laivac or grub- 
liko insects tmeige In severe mfcstations these pests will be seen 
crawlmg m all directions, oi if a nut is cut open they will be found m 
vanous parts of the kernel, to the disgust of the would-be consumer 

Whether bhght, which may completely kiU the tree and end the 
story, or weevus, which do not affect the tree but rum the nuts after 
they aie giown, is the moie seiiously lipiiting factor m chestnut 
growing is an open question No method of spraying has been found 
siifhciently effective with either to be worth while However, as 
already stated, ^e blight-rcsistant Chmese and Japanese species 
appear to ofter a practical solution to the former evil, and to some 
extent planting chestnut trees only m thickly populated poultiy yards 
18 being found successful m controlling tho latter One way of av oid- 
mg weevd damage would be to plant only m parts of the country 
where this pest is not known to be present As tune goes on, more 
satisfactoiy means of controllmg oi obviatmg both of these natural 
enenucs may be developed 

Other defects of chestnuts are tardy beanng, shy bearmg or over- 
productiveness, lateness in tune of matiuity, fadure of the burs to 
open and discharge the nuts automatically, variability m si/e of nuts, 
a tendency for the shells to split badly and thus expose the kernel to 
weather, thickness of pellicle, tight adherence of pellicle to the kernel, 
and coarseness, lack of sweetness, and poor keepmg qualities No 
known vaneties are free from all of these obj ectionable features W ith 
some exceptions, the Amencan chestnut beam nuts^at are ^all and 
unattractive m appearance, and the pellicle of the kernel adheres 
tightly, although itis so thm asnot to be objectionable The t^^w 
to immense size but are tardy m begmmng to bear and seldom bear 
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heavily Besides being fatally subject to blight, the European chestnut 
IS usually of medium flavor, the pellicle adheres tightly to the kernel, 
and the texture is seldom as fine as that of the Amencan and Chmese 
species The chief defects of the Japanese chestnut are poor flavor and 
coarseness of kernel, thickness and e\en wooduiess of pellicle, and 
usually tight adherence of pellicle to kernel As a rule Japanese 
chestnuts are good to eat only when cooked The Chinese chestnut 
also has its de^ts, but owing to its newness in this country it has not 
yet been fully appraised ^ already noted, it is subject to weevils 
and somewhat so to blight Young trees are slow in assumuig dis- 
tinct tree form While of nursery ago tlu little trees are very subject 
to winter injury N othing is know n as to the self sterility or mter-ster- 
ility of Chintse vaiieties Very few have yet been named and none 
has been thoroughly tested The real merits and defects of this species 
can be detorminea only by wide observation over a period of years 

The good characteristics of chestnuts are fairly well distnbiited 
among the vanoua species and varieties The Amencan chestnut 
makes the largest and most upright tiee, is by far the best for timber 
purposes, and the kernels are the most uniformly sweet The Euio- 
pean chestnut bears well and annually, begimimg at a moderately 
early age The tree does not ordinarily assume such great size as to 
be objectionable to the orchardist The nuts are of good commercial 
sue, and those of some varieties are sweet and highly palatable N uts 
of this species often bimg top pnees The Japanese chestnut is out- 
standmg m its normal precocity, prolificacy, habit of annual beann^, 
and large siise and attractive appearance of the nuts The species is 
highly resistant to blight and would need only the sweetness, fineness of 
texture, and palatability of the best American and Chmese chestnuts, 
and the automatic separation of pellicle from kernel, characteristic of 
some of the latter, to rank among the favorites with both growers and 
consumers There are a few Japanese \ aneties of such ment as to giv e 
promise of orchard usefulness 

As a rule, all chestnuts are more or less self-sterile and bear better 
when mterplanted with other v aneties or seedlmgs 

The Chinese chestnut appiears at this tune to offer the greatest 
opportunity for miprovement by breeding The trees do not attam 
the large sire of the Amencan species, which is undesirable, but they do 
become somewhat lareer than the Japanese, which m this country 
seldom exceed the apple tiee m size The Chinese chestnut is highly 
resistant to blight, and so far as observed the best seedlings and varie- 
ties bear freely without being overproductive borne of the heaviest- 
beanng trees of this species m a seedlmg orchard located at the Umted 
Station Pecan Field Station, Albany, Ga , now 10 or 12 years of age, 
are annually produemg from 60 to 70 pounds of nuts each The fmest 
nuts of the Chmese species are about all that could be desired The 
largest are equal m size to the average chestnuts imported from Italy 
as conunonly seen m eastern cities from midfall until after the holidays 
Typically the Chmese chestnuts are of dark, chocolate-browm color, 
overlam with thick to thm may or whitish down that may cover the 
greater part of the exposed surface or be confined to a nmall area 
immediately surrounding the apex They are commonly ^ossy and 
attractive Some are only mildly sweet, but others are excellent 
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With regard to automatic separation of nuts from the burs, as well 
as time of maturity of crop, marked variability exists among seedlings 
and varieties of all species. As a rule the Chinese and Japanese chest- 
nuts ripen earlier and separate themselves from the burs better than 
either European or American chestnuts 

Phesent Breeding Work 

Breeding work is largely confined to the Chinese chestnuts, though 
the Japanese may bo useful to some extent The present work in 
improving the Chinese chestnut necessarily involves the selection of 
seedlinM promising as new varieties and the use of such varieties in 
actual breeding by hybridization. During the past several years the 
United States Department of Agriculture, Bureau of Plant Industry, 
through its Divi-.ions of Fruit and Vegetable Crops and Diseases and 
of Forest Pathology, has examined nuts from several hundred trees 
in various parts of the country. Probably 100 seedlings are now under 
observation. Scions of many of the best have been grafted upon 
nursery stocks and are now on their way to early bearing. Three of 
the trees tentatively selected in 1930 have been propagated by 
individuals outside the Department and to some extent are being 
commercialized, although thev are by no means fully tested or ap- 
proved by the Bureau. One of these is known as Carr, after R D.Carr, 
Alagnolin, N. C., to whom the original tree was sent by the Biueau in 
1919. Another is Hobson, so called after James Hobson, Jasper, 
Ga., to whom, with a number of others, it was sent in 1919. The 
third variety is Zimmerman. This was selected by the Bureau from 
a lot of seealings grown by G A. Zimmerman from nuts imported by 
him in 1924 through Nanking University, Nanking, China. 

The trees under observation also include a number of Japanese 
seedlings that now appear to be of considerable promise. The 
majority of these are of recent origin, as they were brought to light in 
1929 as a result of cash pnzes financed that year by John Harvey 
Kellogg, Battle Creek, Mich., through the Northern Nut Growers’ 
Association. 

The aims in breeding are to produce varieties that will be of value 
for the general market or the home or both. The desired character- 
istics at present are resistance to blight and weevils, heavy annual 
bearing, moderate precocity, early and quick maturity of nuts ahead 
of frosts, automatic separation of the nut from the burs, not more than 
throe nuts to the bur, large but not of too great size, attractive appear- 
ance, freedom from shell splitting, thinness of pellicle, automatic 
separation of kernel from pellicle, fine texture, good flavor, and good 
keeping quality. Hardiness in all parts of the native or adapted 
range of tne chestnut is also important. 

In the appendix will be found a list of pemms now engaged in the 
improvement of the chestnut through bre^ng. 

FILBERT 

The term “filbert” is used in this article in accordance with the popular 
Amaripjtn usage and is understood to imply a superior type of nut of 
the botanical genus Corylus. The term “hazel” is used for the inferior 
and smaller nuts. In Europe the distinction is drawn upon the basis 
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of length of husk in proportion to that of the nuts Those that have 
husks no longer than the nuts aie called hazels, while those with 
husks longer than the nuts are culled filberts This distinction is 
difficult to follow, once the husks have been removed 

At least four species of Corylus aie under cultivation for nut produc- 
Two of these are tree foniis attaining a height of 80 to 125 feet 
_jth are commonly called hazels, as the nuts thoi . . 
small, thick shelled and inferior in edibility One is the Turkish 
or Constantinople hazel C columa L , of southeastern Europe and 
western Asia Accordmg to Rehder (Sb), this species was introduced 
in 1853 It IS extremely hardy, doing well in western New York, 
where three fine trees 60 feet tall ate to be seen in Highland Park, 
Rochester It is used m this country for ornamental planting and as 
a stock on which to graft superior vaiioties of the Eiiiopean filbert 
The latter use is still in the expeiimentnl stage and is not recommended 
for commercial pui poses The othei tiee species is the Clunese hazel, 
C chinensis Frmch winch Rehder states was introduced into this 
country in 1895 Its ust fulness for stock oi other purposes has not 
yet been determined 

Two native species of Corglus that are being used to some slight 
extent in the development of xarieties are the eastern hazel, C ameri- 
cana Marsh , and the beaked hazel, C comuta Marsh Both aie 
shrubby species producing nuts onlinarily of little value The 
former has much the greater range in this country, as it is common 
from the Lakes to the Oulf, whereas the latter occurs only in the 
northernmost States Nuts of the eastern hazel have husks longer 
than the nuts, and they develop as oveilapping valves opening at one 
or both sides to the base The beaked hazel has long, tubular, and 
thickly spmy husks, which remain tightly closed A form found on 
the Pacific coast, greatly resemblmg the latter and known by some 
authorities as C cmjormca Rose, but by others as a form of C cor- 
niita, IS common as a wild shrub from California north to Washington 
This has been used little or not at all in breeding work A number of 
vanetics of C amencana have been introduced into garden culture 
m the East and are being grown by nurserymen The three best 
known are Rush from Pennsylvama, Littlepage from Indiana, and 
Winkler from Iowa Rush has been used extensively m breeding new 
hybnd vancties Littlepage and Winkler have been used to some 
extent in this way 

The commercial production of filberts is now an important industry 
m the Pacific Northwest, especially m the Willamette Valley of 
Oregon and m nearby parts of western Washmgton Most of the 
vaneties are of the species Corylus avellana L , although some are of 
C maxima Mill and others are apparently hybnds between these 
two species Trees of the former often attam heights of 25 to 30 feet, 
and many of those first planted in this country now haye trunks fully 
18 inches m diameter a foot or so above ground Those of tlie latter 
are said to attam a height of 30 to 35 feet m Europe and Asia, but no 
trees of such size are known m this country The husks may be 
shorter or longer than the nuts, or of the same length All cultivated 
vaneties except those of C maxima parentage have busks that are 
open or overlapping at the sides The husks of C maxima vaneties 



remain tightly closed. The nuts may or may not be naturally dis- 
charged free from the husks; varieties of C. aveUana vary greatly m this 
respect. Typical varieties of C. avdlana are Barcelona, Bolwyller, 
Du Cliilly, Daviana, and Italian Red. White Aveline is the best 
known variety of G. maxima parentage. 

Need for Cross-Pollination 


As far as known all varieties of Corylm are self-sterile and must be in- 
torplanted in order to assure effective pollination, a fact that is of rather 
recent discovery, although it became 
known more than a century ag:o that vari- 
eties are often made more fruitful by the 
application of additional pollen from 
othei trees to the ])istillateflowersof those 
having a scarcity of staminate flowers. 

This appears to have been the discovery 
of George Swayne of England about 1821. 

Ho discussed it at some length in a paper 
On the Fertilization of the Female Blos- 
soms of Filberts, which he read February 
18, 1823 The paper was published the 
following year in tiie Transactions of the 
Horticultural Society of London. 

In that paper Swayne told of aseriesof 
e.vi)eriments begun by him in 1820 and 
continued for 3 years. During the first 



year he suspended catkins of the wild , 

hazel {Corylus at^llana) in the tops of 

two filbert trees having profuse pistSllate J 

blooms but a scarcity of staminate flowers, tiee of nuu. He is believed to 

The trees had been owned by him for 14 have been 0«t to breed filberu by 

years, during which time there had been hybridization of species. Begin- 

practically no crops. That year, how- ning in 1917, he sought to cross 

ever, following tllO application of abun- European vaneties of Corylus 

dant pollen, the yield was “e.xactly 2 avellana with the Rush hazel, C. 

pounds.” With tllis encouragement he O’nericmm. Being entirely unsuc- 

checked the experiment the following ce^ful for2 year8,hereve^the 

yearby6r,tno.,l;g«»Worotb«Ul..pi,- Zjli" 

tillalo flowers were obundiuit but that Bi'd,, ..j jo- 

tnero wer© prflrCticfllly no StliniUlA.t6 flow- ebanan vaneues, nhich have been 

ers. Horon*flincd from tlddirigpoll6n and named and introduced since his 

the crop that year was again a practical death. 

failure. The next year, when for the 

third time there were many pistillate flowers and few staminates, he 
made applications of pollen from the wald hazels to the stigmas of the 
garden trees. The crop was again very good, and soon after the har- 
vest he reported the results of liis 3 years' work. 

So far as knewn, the next investigation of this nature occurred 
almost a century later when, in 1917, the late J. F. Jones (fig. 1), of 
Lancaster, Pa., sought to hybridize the European varieties of filbert 
with the Rush vanoty of American hazel, Corylus americana (fig. 
2, A) Ho and many others had found the former not commercially 
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( oryiuM varieties 
that have been 
successfully used id 
eastern filbert 
breeding: 

A, Rush ^ 

pistillate parent 
mainly u^; 

B, Batons 
(C. avdlana); 
r.Rush X 
Barcelona, 
Bufdianan variety; 
1), Du Chilly 

(C. aveilema); 

E, Rush X Du 
Chilly; 

F, Italian Red 
(C. avdtana), 

C, Rush X Italian 
Red, Bizby 

H, White Aveline 
(C. maxima); 
/,Rush X White 
Aveline. 


Fi§in2. 
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hardy in the East, and the Rush was the best of the native hazels 
that came to his attention. For 2 years he applied Rush pollen to 
the pistillate flowers of several European varieties, with n^ative 
results. In 1919 Jones reversed the order and there was a good crop 
of nuts. These were planted during the following spring, and from 
that time until his death in January 1928, Jones was an active and 
enthusiastic filbert breeder. His hybrids came into bearing early, 
and by 1924 about 100 were in fruit. By the end of the next 3 years 
he ban selected 12 to 15 for further observation and eliminated a 
considerable number. One that had been numbered 200 proved so 
promising that her was seriously 
considering its propagation and 
introduction to the public. This 
plant was the result of a cross 
between Rush and Italian Red 
It has since been named Bixby 
(fig. 2, G) after the late Willard 
G. Bixby, of Baldwin, N. Y., a 
friend and coworkcr of Jones 
Another plant, no. 92, greatly 
resembling BLxby, but shown by 
Jones’ record to bo a Kush X 
Barcelona cross, has been named 
Buchanan (fig. 2, C) and is being 

E ropugated for the nursery trade 
loth Bixby and Buchanan are 
apparently of considerable prom- 
ise for home planting in the East 

European Filberts in the 
Eastern United States 



In the aggregate there has been 
a large amount of selection work 
with the filbert in this country 
during the past century or niorc. 
Plantings of European varieties 
and see&ngs hav o been made fre- 
nuentlv in various sections. 


Fi^re 3 — Felix Gillet (1835-1908), pro- 
prietor of Barren Hill Nurseries, which he 
established at Nevada City, Calif., in 1871. 
He was one of the most outstanding figures 
of his tune in introducing carefully selected 
vaneties of filbert, Posian walnut, and 
chestnut from Europe. 


Most of the bettor varieties and seedlings were introductions made 
during the eighties and nineties by the late Felix Gillet (fig. 3), a 
Frenchman who established a nursery at Nevada City, Calif., m 1871. 
A good many introductions have been mode by others, so that alto- 
geriicr several hundred varieties and seedlings from Europe have been 
tried out in this country. The best of these have proved commer- 
cially profitable only in the Pacific Northwest. They have been suc- 
cessful in the East to a limited degree and as a rule only when grown 
in situations well protected from extremes of temperature, as by a large 
bo^ of water, a building, a hill, or a group of trees, 

'Diree known factors stand in the way of success with the European 
varieties of filbert in the East. The most important is a serious 
blight, CryptoaporeUa anomala (Pk.) Sacc., which causes httle injury 
to the native species but spreads quickly and with fatal results to 
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European varieties planted in the vicinity. The likelihood of serious 
losses by this disease has decreased greatly during the last half century 
with tlie more or less general eradication of the native hazel plants on 
roadsides and fence rows, incident to clearing the land. However, 
the disease is still a grave menace whenever eiwer European varieties 
or the new hybrids {Corylus americana X avellana) are planted near 
native species CTOwing wmd. 

The second factor is lack of hardiness. Most European varieties of 
filberts are subject to winter injury, which may kill only the staminate 
flowers, or the pistillate ones, or 
both, or it may kill the tree tops, 
or even the tree trunks to the 
ground. As a rule, however, only 
the flowering parts are injured 
The third factor is self-sterility. 
So far as known all varieties are 
largely, if not entirely, dependent 
upon other vane ties for effective 
pollination. Until recent years 
most plantings in the East were 
made without regard to pollina* 
tiou requirements. 

Some of the men who were 
most acti-ve in the introduction 
and early testing of varieties of 
filberts in the Pacific Northwest 
weie A A. Quarnberg (fig. 4), 
Vancouver, Wash ; Thomas 
Prince, Dundee, Oreg.; and 
Geoige A. Dorris, Spnn^eld, 
Or^. _ Among those most recent- 
ly active in the field of selecting 
Figure 4.-A A Quarnberg (1849-1933), ^nd testing ncw varieties are 
Vancouver, Wash., one of the lead^ q jj ^ 

in laying the foundation of both the filbert . a 

and P^an walnut industries in the Pacific Ilenneman, Portland, Oreg. ; A. 
Northwest. He was one of the first to plant M. Gray, Milwaukie, Ore^; W. 
and test most of the vaneUes now of lead- A Schmidt,Corvalhs,Oreg.; 
ing importance ID that part of the country. A. B Schorf, Newberg, Oreg; 

Wash. These men procured 


// 


I pi . , , . , 

some extent they made direct importations. Among those in the East 
who have contributed most to filbert culture since the early eighties 
may be mentioned the United ^tes Department of Amculture; the 
’ " ' ■ Station at Geneva : A. S. 


and D. Fitzgerald, Washougal, 
their trees mainly from Gillet, but to 


New York State 
Fuller, 
Rochester, 


I ou .^s Oa 

xjj CouTftd Voll6rts6n| 

xvucuenimjT. xv. x.^ xwi/om x. xtxoiiio, ovoxuii/iu, Conn.; G. Bixby, 
Baldwin, N. Y.; and J. F. Jones, Lancaster, Pa. Vollertsen brought a 
number of varieties from Germany in 1912 Of these, Italian Red (fig. 
2, jP) is the only one now in special favor among eastern planters. 
Iff. Morris introduced a valuable seedling from Bohemia, which he 
later named Bonybush. The other men nam^ in this group made 
their contributions by testing varieties in their respective localities. 
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Raw Material fob Filbert Breeding 

Most filbert varieties of either Amenoan or European production 
are without conspicuous meiit As previously noted few are both 
hardy and fruitful except in specially favorable environment Most 
filberts are of medium palatability and the nuts of many vaneties are 
often imperfectly developed and the kernels thickly coated with coarse 
fiber “^me vaneties are poor bearers or the nuts may bo too small 
or too thick-shelled to be acceptable on the maiket Many are 
difficult to extract from the husks, and some produce only small 
quantities of pollen 

Some vaneties are very good m quality and flavor The nuts of 
some are of good si/e and thin shelled The kernels are often plump 
and bright colored The best nuts are entii ely fi ee from coarse co\ er 
ing over the kernel Howevei, some of the finest are too small foi 
commeicial use White Avthne (fig 2 U) is typical of the nuxture 
of good and bad chaiacteiistics found m filberts In quality ef 
kernel it is one of the finest vaneties known It also has a remark 
ably thin shell, but, since it belongs to the species Corylus maxima, it 
has a long, tubulai , tightly closed husk w hich fails to open at matunty , 
and husking is difficult 

The variety with the gieatest numbei of good pomts now grown in 
this country is Barcelona (fig 2 B), which w as introduced from Europe 
by Gdlet probably dunng the seventies or early eighties The tree is 
a vigorous grower and a good beaiei the nuts iipen early and witlun 
a shoi t penod and readil> fall free of the husk They are attractiv e 
in appearance and of large sue The shells are of medium tluckness 
and tne kernels are usually plump clean, quite sweet, of fine tevtuie 
and fairly iich The nuts aie roundish in form, although variably so 
The kernels are not so clean or fiee from covermg over the pellicle as 
some others, nor are they the best m flavor Nevertheless, every- 
thing considered, commeicial glowers of the W illamette Vallej Oreg , 
have thus far found this to be their most profitable sort 

The second leading vanety in the Pacific Northwest is Du Chilly 
(fig 2, D), also an early European mtroduction made by Gdlet Aa 
compared with Barcelona it is moderately vigorous, not as productive, 
and less hardy The nuts do not mature quite so early, and only a 
small proportion are naturally separated from the husks, although they 
are not difilcult to husk Tiie nuts are oblong and flattened mstead 
of being roundish The shell is about as tluck as that of Barcelona 
The kernel is similar in plumpness and about equally free from fibrous 
covenng It is slightly sweeter and more palatable than Barcelona 
Du Chuly nuts bring a somewhat higher price in the market, wluch 
largely, ii not entirely, offsets the lighter fruiting of the vanety Both 
Du tihdly and Barcelona are less mchned to throw up suckers per- 
sistently about the base of the tree than are some others 

Daviana is the best known of the large vaneties from Europe, which 
are notably thm-shelled It is an excellent polhni/er foi other vane- 
ties, but is itself a shy bearer, is very subject to injury by a bud mite, 
and frequently the kernels are not plump From the standpoint of 
the breeder, its chief advantages are beheved to be thinness of shell and 
its vfdue as a polhmzer 
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Nature of the Problems Involved 

The problems involved in filbert breeding are relatively simple as 
compared with those of the chestnut, since there is already ample 
material. The area in the Pacific Northwest within which commercial 
filbert growing is centered is relatively small and has many full collec- 
tions of varieties. In the East species and varieties now thought 
essential arc represented in collections of the Bureau of Plant Indust^, 
United States Department of Amculture, near Washington, D. C., 
and of the New York State Agricultural Experiment Station at Geneva, 
Breeding by hybridization has made much headway at each place. 
Also a valuable collection of first-generation hybrids between Rush, 
one of the best-known native varieties of Corylus americana, and cer- 
tain leadmg European sorts, mainly of C avellana, is under observa- 
tion at the J. F. Jones Nurseries, Lancaster, Pa 

Present Breeding Work and Future Possibilities 

The most promising lino of attack for the breeder in the Eiwt seems 
to be a continuation and expansion of breeding by hybridization, such 
as is already under way, rather than by making further selections 
from European varieties or the native species, both of which generally 
fall below the standards of American growers or consumers. Until 
superior hardy varieties can be developed, the best of the Amencan 
varieties are likely to be used to a limited extent for home planting in 
zones beyond the climatic limits of safety for hybrids or European 
varieties. 

In the Pacific NorthwevSt the problem of the breeder is to develop 
more perfect varieties, chiefly from seedlings of Corylus avellana. 
The problem of hardiness is less acute than in the East, A desirable 
variety in the Northwest would bo ono that is resistant to fungus 
diseases and insect pests, a strong CTower, either self-fertile, or a good 
pollinizer for other varieties, and a heavy annual bearer of choice nuts. 
The nuts should mature early and all at one time; they should separate 
naturally from the husks; they should be bright-colored, uniform in 
size, and probably oblong rather than rounded for neater appeal to 
the consumer. The shells should be thin enough to bo broken easily, 
and the kernels should bo plump, clean, bright, sweet, and of fine 
texture. In the appendix will be found a list of breeders engaged in 
work with the filbert, and of varieties considered promising for breeding 
work. 

On the western coast filbert breeding is still l^ely carried on by 
mass selection. Out of the thousands of seedlings that are being 
grown and tested by private growers, the best finally come under 
critical observation when all but an extremely small percentage are 
rejected. Few varieties have yet come to light that meet the dual 
requirement of commercial crop production and pollination of other 
varieties. When breeding reaches the point of seeking greater hardi- 
ness in order to widen the western range of successful production, it 
is not improbable that the wild species, Corylus caiifomiea, of that 
region will be given a trial as one of the parents, in the same way that 
C. americana has been used successfully in the East. Thus far, pollen 
of neither of these native species has been found to function on the 
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pistillato flowers of European vaneties, but as the eastern species has 
been useful as a pistillate parent, the same may prove true with the 
western one 

Filbert breeding, both by selection and by hybridization, is m prog- 
ress at a number of points m the East The United States Bureau of 
Plant Industry has made imiiortant contributions in its studies of 
vaiietal values not only in that part of the country but also m the 
Pacific Northwest It has also made a number of important introduc- 
tions of varieties from Europe. It is contmumg its studies of the merit 
of European varieties both at the Arlington Expeiiment h arm, Arling- 
ton, Va , and at the United States Hoiticultural Station, Beltsville, 
Md The work at the latter place is now largelv confined to testing 
hrst-generation hybrids resulting from crosses made by its staff on the 
grounds of the late W G Bi\by, Baldwm, N Y The pistillate parents 
used ui making these crosses weie Rush, Ldttlepage, and Wmkler 
vaiietios of Corylui ameneana as well as a numbei of vaneties of 
C aiellana and t manma Among others used as pollen parents were 
C columa, the Turkish tiee hazel, and G heterophyUa Fisch , from 
eastern Asia, sometimes called the “vanous-leaved hazel ” Alto- 
gethei , there are now at the Beltsville station about 2,000 hybnd plants 
of beanng ago, tiansplaiiteil fioni the nurseiy horn 1932 to 1936 
Several of those thit ha^e fiuited appeal highly promising for home 
use Nuts of the first generation aie a little small for sale in the 
unshelled condition 

Hybndization of filberts at the New York (State) Agncultural 
Expeiiment Station was begun m 1930 In 1933, 635 hybnd plants 
resulting from crosses made by Fedeial workers were tiansferred to 
Geneva ftom the Bixby grounds at Baldwm, N Y Some of these 
now m beanng aie exceedingly promising In addition to these plants 
there are 352 other plants at (>eneva resulting from moie recent crosses 
made by station workers Climatic conditions at Genev a seem to be 
more faxoiable for vaneties of Coryluh aiellana than at either of the 
Fedeial stations, but partial oi complete ciop failures are not m- 


frei^ent even there 

The Virgima Agncultural Expeiiment Station at Blacksburg began 
selective breedmg from Kentish Cob seedhngs m 1921 The purpose 
has been to develop hardy vaneties of meiit foi use m that State One 
seedling has been selected as woithy of further observation 
The Minnesota Agncultuial Experiment Station at Umvorsity 
Farm, St Paul, is br^ing by selection from native plants of Corylus 
ameneana for the purpose of developing haidy vaneties of value m 
that State for home plantmg About 200 plants ha\ e been brought to 
fruiting and discarded Nme hundred moie are now under obseiva- 
tion, of which some appear to haxo considerable promise 
Workmg pnvately, S H Graham, Ithaca, N Y , is domg consider- 
able filbert breeding, mamly by selection Howexer, he has brought 
mto fruit a number of second-generation hybrids of the crosses made by 
the late J F Jones, Lancastei, Pa Fiom these he has made one or 
two selections of considerable promise 
B M Ten Eyck, South Plamfield, N J , has had for many years a 
number of Corylus aoeUana seedlings grown from nuts bought on the 
market These have been mjured very httle by wmter temperatures. 
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have home well, and the nuts have been quite satisfactory for home 
use C P Close and J J T Graham, of the Umted States Depart- 
ment of Agriculture, have both giown foi many years a considerable 
number of scedlmgs of C avellana fiom which it now seems possible 
to make selections of value for home plantmg The trees of Close 
are at his home m College Park, Md , and those of Graham at 
Glenn Dale, Md 

The J F Jones Nursery, Lancaster, Pa is now fruitmg and ron- 
tinumg under test about 50 first-generation hybrids from ciosses 
made oy Jones As already noted, two of these have been given 
vanety names and aio being propagated commercially While it is 
improbable that further selections will be made for production varie- 
ties, it IS possible that some of this collection will be found useful as 
pollinizers 

There is a large 24 year-old Barcelona tree on the premises of C A 
Reed, Takoma Park Aid which boro a full crop for the first time in 
1936, although it has bloomed freely with great legulanty Appai- 
ently it was effectively climated m the spnng of 1936 by pollen 
from first-generation Ru^ X Barcelona hybnds nearby If further 
investigation should prove that a Kush X Barcelona hybrid wll 
effectively pollmate Barcelona which is both self stenie and sterile to 
Rush and to all other vaneties of Cotylut amencana the result will 
be extremely interestmg as well as significant If such hybnds can 
be used as pollmirers foi Barcelona and other Fiiropean vaneties 
whose staminato flowers are easily killed by winter temperatures 
the successful cultural range of such vaneties might be considerably 
widened 

Progress already made m the improxement of filbert vaneties by 
hybndi/ation indicates great future possibilities for this kind of work 
It should be possible within a reasonable peiiod to develop supenor 
vaneties for commercial growmg in the Pacific Northwest with which 
to meet the requirements of Amencaii markets now largely supphed 
by imports Eastern vaneties of high ment should be developed for 
home planting oi cr much of the region from lower New England and 
the Great Lakes on the north to perhaps the Potomac and Arkansas 
Rivers on the south No doubt much of Wisconsin southern Mmne- 
sota. South Dakota, and Nebraska might also be included 

THE HICKORY GROUP 

The hickones form an important group of trees valuable for the pro- 
duction of both nuts and timber With the exception of a single 
species, Htcona cathayerma Sarc , from southeastern China, the entire 

B nus IS strictly American The hickory range extends from the 
ovinces of Quebec and Ontano m Canada across the eastern and 
central United States mto northern Mexico Fifteen species are 
described by Saigent m the Manual of the Trees of North America 
Of these only three or four produce nuts of particular value, although 
the nuts of certam others are edible m varying degrees 
From the standpoint of value of nuts the pecan, Hteona pecan 
(Marsh ) Bntton, is the most important member of the group In 
crop value it nvals the Persian (Enghsh) walnut of the western coast 
The tree is one of the largest east of the Rocky Mountains Broadly 
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^eakin^ the natural and cultivated range of the pecan covers the 
Cotton Belt and lower elevations northward in the Mississippi Valley 
into Indiana, Illinois, Iowa and southeastern Kansas 
The pecan tiee is valuable in ornamental planting w herever climatic 
and sou conditions are favorable It sometimes succeeds as far north 
as Connecticut, but nut production is unimportant north of the Distnct 
of Columbia or the latitude of Terre Haute Ind 
Other hickories otfermg mducement to brtodeis include the shag- 
bark, Hwona ovaia (Mill ) Bntton, the shellbark II laciniosa (Michx 
f ) Sarg , and a iiiimbor of other species of less iinpoitanco, as well as 
various hybnd forms that occur with considerable irequency m nature 
The shagbark is much the most valuable nut producer Isuts of the 
shellbark, wlule large and alluring are often poorly filled 

Breedmg to improve hickones of any species has tlius far largely 
“in confined to selectne methods By such means a very consider- 
able number of varieties of both pecan and otheis have been brought 
to light Bleeding by hvbiidi/ation has been under way with 
'he pecan foi many vtars but so fai without the mtroduction of 
nany vaiuties This foiin of breeding has not yet been under 
aken m earnest witli other hickones 

P1-C4N 

According to dates given by Taylor (5S) pecan selection is known 
to have begun as eaily as 1846 oi 1S47, when scions of a variety later 
named Centennial were successfully grafted by a Louisiana slave 
named Antoine Iho next variety known to have been grafted was 
Van Deman, m 1877, although it was not permanently named until 
K) yeais later The Rome variety was first propagated m 1882, 
Hollis m 1884, Frotschei in 1885, Stuait in 1886 and Pabst in 1890 
The fust pecan nuistry was that of William Nelson, New Orleans 
La , who began selling seedlmgs in 1874 and grafted tiees m 1879 
The period of greatest activitj m the intioduction of new varieties 
was probably between 1905 and 1925 Durmg that tmie practically 
eveiy impoitant pecan center of the entire South introduced its 
favorite varieties of local oiimn 

The first carlot shipment of pecan nuts of named vaneties carefully 
graded accoiding to definite standards of size and quality is believed 
to have been made ui 1917 by J M Patterson, president of the 
Georgia Papershell Pecan Growers’ Association Putney, Ga By 
1920 there was a great multitude of vaneties in beann^ and nuts of 
the same si/e and general character, whether from seedlmg trees or 
named vaneties, brought about the same pnee This caused the selhng 
agencies to begin marKoting a laige portion of the crop by brand mstead 
of by vanety as had boon done until that time Now, with the 
exception of a few vaneties, such as Schley and Stuart, most of the 
pecan crop, no matter whether from cultiv ated oi wnld trees, is graded 
according to size, form, appearance, and to some extent tlunness of 
shell and general ment High uniformity , posable only when vaneties 
are sold separately, has largmy disappeared, at least for the time being 
The loss of vanetal status, insofar as selling pecans is concerned, 
has been partially due to the failure of a good many vaneties to meet 
the requirements of successful production and marketing, and of any 
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varieties to become outstanding. light bearing, uncertain filling , 
variabUity in size of nuts from year to year, even from the same trees, 
together with susceptibility to insect pests and fungus diseases, have 
had much to do with a situation that has pmctically comjpelled the 
blending of the nuts of the different varieties together mstead of 
selling them separately. A process of readjustment is now_ taking 
place throughout the entire field 
of production and wiU probably 
continue until a majority of pres- 
ent varieties have been superseded 
by new kinds better suited to the 
lequirements of the orchard and 
the market. Future ^ plantings 
will doubtless be established with 
superior varieties now unknown, 
and with greater consideration of 
envuonraental and cultural re- 
qmremonts 

Past Breeding Work With Pecans 
Apparently the first breeder of 
pecans by hybridization was 
Forkert {IS), of Ocean Springs, 
Miss., who began this work in 
1903. He was followed 1 year 
later by Risien {SO), of San Saba, 
Tex Both men were of foreign 
1 



no chance seedlings that he thought worthy of introduction, but Risien 
introduced several varieties selected from wild seedlings. 

Forkert’s first introduction. Dependable, was the result of a Jew- 
ett X Success cross. This proved disajmointing and has since boon 
practicaJdy abandoned Admirable, a Russell X Success hybrid ^ also 
was a disappointment insofar as bemg an improvement over existing 
varieties was concerned His one apparently meritorious introduc- 
tion is Desirable, a variety of unknown parentage. It was not widely 
disseminated jirevious to his death in 1928, and would doubtless have 
been lost had it not been for scions that he sent to the United States 
Pecan Field Station near Albany, Ga , in 1925 From this stock the 
variety has been widely disseminated for test planting 

The work of Risien (fig. 5) was in a semiarid reaon at high altitude 
in western Texas. He seems to have been the first in the South to 
conduct a systematic survey of wild pecans for se^Uings worthy of 
propagation as new varieties. About 1882 (SO) he discovered the 
parent tree of the variety that he later named San Saba. He was 
probably the arst to plant nuts from a selected tree in orchard form 
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for the purpose of growing seedlings from which to make selections 
A great many persons planted seedhng trees for nut production during 
that early period because grafted trees were unavailable, and from 
such trees many good selections wore made later Risien planted 
chiefly for the purpose of ongmatmg valuable varieties, and in this 
he was successful 

Risien mdependently mastered the art of propagating pecan trees 
during the early nmeties, and while ho was a hdf century behmd 
Antoine m this work, so far as is known he was the first propagator m 
Texas, and so far as he knew he was the pioneer in the field He 
was the first m the South to top-work large pecan trees In addition 
to San Saba, he introduced Attwator, Kmcaid, and Sloan as selections 
from wild seedlings Among the selections from his orchard of 1,000 
San Saba soedhngs are Colorado, Jersey, Libcrtybond, Onliwon, San 
Saba Improved, Sovereign (Texas Prolific), Squirrels Delight, Supreme, 
and Western (Western Schley) Among varieties from definite 
crosses are Banquet (Sovereign XAttwater), Commonwealth (Long- 
fellow X Sovereign), Kincaid Improved (Onhw on X Kincaid), Sloan 
Improved (San SabaXSloan), and Venus (San Saba XAttwater) A 
recent mtroduction is Garner (John Gamer), an open-pollinated 
seedling of San Saba Improved 

Another Texan who has contributed much to the pecan industiy, 
not only in his native State but also in the entire ^uth, is J H 
Burkett, of Clyde, Tex , for many years chief of the division of edible 
nuts in the State department of agnculture at Austm, and author 
of several bulletins on pecan culture Burkett was the discoverer 
and introducer of the valuable Burkett vanetv, which has a large, 
round nut with very thm shell and excellent kernel characteristics 
It has long been a favorite among planters from western Texas to 
the Pacific coast It has several features that should make it desir- 
able for use in breeding work 

Other planters m many States, covering practically the entire South, 
estabhshed seedling pecan orchards having from a few hundred up to 
several thousand trees One such orchard, planted m 1897 by James 
(17), of Mound, La , later became the source of such miportant varie- 
ties as Carman, James, and Moneymaker During approxmiately 30 
years, be ginnin g m 1880, seedling oichards and dooiyard trees on the 
Gulf coast of Mississippi, espetialTy m the vicimty of Ocean Sprmgs and 
Pascagoula, became fruitful sources of new vaiieties It was then that 
Alley, Delmas, Pabst, Russell, Sclilev, Stuart, Success, and many 
others less promment were introduced from that section Among per- 
sons most active in the introduction of these vaneties were Theodore 
Bechtel, C E Pabst, and W R Stuart, of Ocean Spnngs, and A G 
Delmas, I P Delmas, and F H Lewis, of Pascagoula 

In northwestern Florida duung the nineties, seedlinp ^wn from 
nuts of trees owned by Arthur Brown, Bagdad, Fla , had an impo^ 
tant part m givmg rise to varieties m that region An orchard planted 
with such stock m 1886 by J B Curtis at Orange He^hts, Fla , 
became the source of the Curtis vanetv m 1896, and of Hume, Ken- 
nedy, and Randall somewhat later Many other Flonda vaneties, 
less well known, are beheved also to have originated as seedlings of the 
Arthur Browm stock 
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Probably the first large-scale breeding of pecans by hybndization 
•was begun by the United States Bureau of Plant Industry m 1915 
in the orchard of C E Pabst, Ocean Spiings, Miss Hundreds 
of crosses were made that year and the next, and the resultmg 
nuts were planted on the grounds of Pabst However, with the 
entrance of the United States mto the World Wai the work was 
discontmued and the young trees woio neglected Pabst died in 
1919, and with the change m ownership of the piopeity the entire lot 
was lost 

This work was resumed m 1920 m the orchaid of B W Stone, 
Thomasville, Ga , and contmued for several years The first nuts 
were planted on the grounds of the Georgia Expemnent Station, 
Experiment, Ga Of these, a Schley X Moneymaker hybnd is now 
believed to have considerable piomise In 1922 the United States 
Pecan hield Station at Philema, Ga , was established, and several 
thousand young hybnd trees were soon developed In 1930 the 
youngest trees were transfeiied to the United States Pecan Field 
Station at Hobson, La A considerable number of trees at the foimer 
station haxe been m beanng foi sevcial years and aic now bemg 
observed closely with ngard to beaimg habits, disease resistance, 
and ments of nuts Some of these hybnds are highly pronusmg but 
require considerable furthei observation 

In the >(orth, wheie the natixe pecans are mostly small and difficult 
to crack but otherwise much like those of the Southeast, the first 
recorded steps tow aid selecting vaiieties began durmg the early 
nmeties, when the Depaitnient of Agnculturt received nuts from 
Ilhnois, selected mainly because of their supenor size One of the 
first trees to attact attention in this way belonged to H G Hodge, 
York, 111 Durmg the next few years this variety came to be known 
as Hodge s Lavonte or lllmois Mammoth, and many nuts from the 
ongmal tree were sold for seed purposes It was accorded vanetal 
recopition by Taylor (38) m 1908, who called it Hodge 

The second northern pecan vanety to be recomizcd appears to have 
been Major, discovered by W N Roper, Petersburg, Va , about 1907 
His attention was attracted to the supenonty of certain nuts m a 
mixed shipment that he procured for seed purposes from a merchant 
m southern Indiana By persistent efforts Roper traced the nuts to 
the parent tree near Green River in northern Kentucky, some 15 
miles southeast of Evansville, Ind 

The next step toward bnngmg out new northern vaneties seems to 
have been made in 1908, when a pecan contest was held at Moimt 
Vernon, Ind , under the direction of the Purdue University Agricul- 
tural Experiment Station It was then that Wamc k, now practically 
obsolete, was brought to hght 

During the penod of 1910 to 1915, Sinmson Bros , Mason J Niblack, 
and W C Reed, Vincennes, Ind , J F Wilkmson, Rockport, Ind , 
and Thomas P Littlepagm a native of the Rockport region out then a 
resident of Washington, D C , spent much time, labor, and money 
m searching for other worthy vaneties It was durmg this penod that 
Busseron, Buttenck, Greennver, Indiana, Kentucky, and Posey were 
recognized and mtroduced From then untd qmte recent years very 
few other northern sorts have come to notice However, beginning 
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in 1933 and continuing annually since, a pecan contest has been held 
in Now Haven, III., under tho direction of H. C. Neville, formerly 
farm adviser of Gallatin County. As a result of these contests 
several liighly promising varieties have come to light, but they have 
not yet been offered by nurserymen In 1934 a nut contest conducted 
by tho Northern Nut Growers’ Association brought out several 
apparently desirable new varieties, which ouglit not to be lost. Pres- 
ent-day breeders of pecans are listed in the appendix 

PrtMems in Pecan Breeding 

Tho known defects of present varieties of pecan are many, regardless 
of tho reputation the species justly enjoys of being one of the finest of 
table nuts. In the orcliard many varieties are seriously susceptible to 
attack by insect pests and diseases of \arious kinds Other defects 
include shy bearing; late ripening, weak crotches, which split badly; 
wood that breaks under the weight of nuts, especially late m summer 
during storms; poor shelling characteristics; failure to fill well, lack of 
good flavor; and a tendency of the nuts to germinate before dropping 
from tlie trees, when dry sunimer weather is follow'ed by wet periods 
late in tho growing season. 

Pecans reach tlio consumer in two forms, shelled and unshelled. 
The kernels are kiiowm in the trade as shelled nuts, and by far the 
greater portion of tho crop is marketed in this form Nuts of small and 
medium sizes from either the forests or orchards are sold ns “halves” or 
“pieces.” Pecan halves are used as salted and roasted nuts and in 
capping such products as cakes, breads, and candies. Pieces are 
used as an ingredient in pastry, ice creamj and confections. For 
capping, the smaller tho halves the better, since this means a larger 
number per pound. Seven hundred per pound is usually the minimum 
roiiuired. 

Wlien the cultivated crop is of bumper proportions or offgrade for 
any reason, so tliat prices are inclined to drop, many of tho nuts are 
iliverted from the unshelled to the bhellcd market. Prices for culti- 
vated varieties, once 10 to 50 times as great as for the medium to 
small nuts from the forest, are now only 2 to 5 times as great. The 
best prices now being received by growers for cultivated pecans is 
about one-fifth of what it was two decades or more ago when the great 
majority of the present varieties were discovered and introduced. 

In the present economic status of the pecan industry the most 
profitable varieties are those that are the most productive largely 
without regard to other qualities. Fruitfulness, therefore, is tho 
characteristic sought above all others, often to the exclusion of other 
important factors, particularly quality and flavor. 

Some of the choicest pecan vaneties, from the standpomt of the nuts 
alone, 'are no longer being planted because of extreme susceptibility 
to fungus diseases, failure to bear well, or deficiencies of kernel. 
Often mese weaknesses are aggravated by unfavorable environmental 
conditions such as severity of climate, poverty of soil, or too close 
planting. For these reasons it is impossible to attribute the faili^ of 
any given variety to any single factor or to any particular combu^ 
tion of factors. It is equally impossible at this time to predict mth 
certainty the commercial requirements for varieties m the future. 
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However, it seems to be a reasonable assumption that pecans will be 
marketed more and more in the shelled condition, and varieties must 
be developed with this requirement in view. Present varieties can, 
in many casesj be made to give more satisfactory residts by improving 
cultural practices according to knowledge now available. 

Desirable combinations of nut characters are to be found in a good 
many varieties. In the nursery and orchard such points as ease of 
propagation, rapid growtli, precocity, productivonoss, and resistance 
to disease are all to be found, distributed variously among the different 
varieties but not in perfect combination in any. For example, well- 
grown nuts of the Schley variety have good size, handsome appearance, 
suitable form for shelling bj hand or machine, very thin shells^ good 
shelling quality, and superior kernel characteristics. The variety is 
easy to propagate, is a rapid grower, anti forms a symmetrical tree. 
It begins beanng at a relatively early age and normally is fairly pro- 
ductive. However, the susceptibility of Schley to scab makes it un- 
desirable for commercial orchard use. Another example is Money- 
maker, which is easy to propagate, a rapid grower, precocious, prolific, 
and early in ripening. On the other hand, the nuts are roundish in 
form, variable in size, not especially thin-shelled, not easy to shell by 
hand, and medium in quality aiuf flavor of kernel In appearance 
the nuts are only moderately attractive, and the tree is so susceptible 
to certain leaf diseases that it is no longer in favor with leading grow ers. 

Three well-known eastern pecan varieties haying outstanding points, 
which should be useful in breeding, are Curtis, Moore, and Stuart 
Curtis nuts are among the best of any variety to eat out of hand 
They are a little small but quite thin-shelled and easily cracked, and 
the kernels are veiy fine, being plump, rich in quality, and un- 
usually sweet. Moore is one of the most prolific bearers and the nuts 
ripen with the earliest Stuart is probably the most dependable 
variety in the Southeast. While it is not a heavy bearer, in most 
localities it performs consistently and the nuts are large, attractive in 
appearance, and uniform in size. 

Among varieties of the w'cstem group, Burkett, Halbert, and Sover- 
eign are well known and probably as useful for breeding purposes as 
any. All begin bearing at an early and increase in productivity 
rapidly. The shells of Burkett and Halbert are remarkably thin. 
The kernels of all are plump^ bright-colored, and distinctly superior 
to those of most other varieties. 

The problem of improving pecan varieties by breeding is greatly 
affected by the uncertainty as to future market requirements. With 
few exceptions past efforts have been to develop varieties for the un- 
shelled market. For this pu^ose, large size has been one of the prin- 
cipal assets. Two small varieties, the Candy, by Theodore Bechtel, 
of Ocean Springs^ Miss., and the Reuss, by G. B. Reuse, of Hohen 
Solms, I^., were introduced at about the same time many years ago 
for sale in the shelled trade. These nuts were unusually thm-shelled 
and of excellent shelling and kernel qualities. The parent trees in 
both cases were heavy bearers, but neither variety met with favor on 
the part of nurserymen or planters on account of the small size of the 
nuts. However, the nuts of neither were small enough to meet the 
present market requirement of more than 700 halves to the pound. 
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and It 18 an open question as to whether either would bo of particular 
value m breeding to develop smallness in size Probably the only 
varieties that can meet this requirement arc a few recently brought 
to attention m some of the Northern States but not yet well tested 
Growers as a class prefer not to produce pecans of small size In 
fact it is doubtful whether it would be profitable for them to do so at 
the present time The question is to what extent, if any, it would 
pay to raise pecans exclusively for the shelled market The demand 
in that direction is usually well supphed with pecans from the forests 
or those fiom the cultivated orchards that might bo classed as imper- 
fect or surplus pecans It may he that, with the exception of the 
peanut, which strictly speaking is not a true nut, none of the Amen- 
caii-grown nuts can compete on a pnce basis in the retail market for 
shelleil nuts with certain foreign species that are produced at much 
lower labor costs It is certain, however, that very largo pecans no 
longer sell readily to discnminatmg consumers It is a&o true that 
greater portions of the crops from orchard trees are steailily findmg 
their way into the shelled market It would be very desirable, 3 
possible, to determine the probable future market requirements as 
to size In the absence of a basis for an accurate prediction as to 
what the future may bring forth in this direction, it will probably bo 
well to follow the piesent trend, which is definitely toward nuts of 
medium size The largest nuts from these crops can be separated 
out by sizing machines and sold m the increasingly more hnuted 
market willing to pay a piemium for such sizes 
The best pecan varieties lack certain characteristics necessary to 
make them ideal New varieties with all the features of an ideal nut 
aie not to be expected until a planned program of breedmg to accom- 
plish certain definite ends is cairied out Such a progiam would 
inxolve the growing of a large number of second-generation hybnds 
fioin the best brewing stock In this way alone will it be possible 
to develop material /rom which to select varieties resistant to disease 
and supenor m other charactenstics Cytological analyses of varie- 
ties may be expected to yield mfomiation as to their value as breeding 
stock and to throw light on problems of pollen viabihty and stenhty 


Present Breeding Work and us Aims 
Pecan breedmg as it nas long been earned on by the Bureau of 
Plant Industry has for its objectives improvement along seven dis- 
tinct lines These are (1) haidiness, (2) disease resistance, (3) fruit- 
fulness, (4) size of nut, (5) shell thinness, (6) shelling quahty, and 
(7) kernel quahty The purpose is to develop good varieties that 
can be grown with profit in each of the three distinct natural pecan 
districts, southeastern, southwestern, and northern The south- 
eastern district extends from the South Atlantic seacoast west to 
central Texas The southwestern district mcludes localities wherever 
the pecan succeeds from Fort Worth, Tex , west to Arizona and 
southern California The northern district includes all locahUes 
suitftble for pecan growing in the Mississippi Valley north lati- 
tude of Memphis, Tenn , and m the Coastal Plain or lower Piedmont 
regions in Virgmia and northward 
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No great amount of pecan breeding has yet been undertaken by 
State experiment stations In cooperation with the Bureau of Plant 
Industiy, the Georgia Experiment Station grew to fnuting several 
hundred seedlmg trees resultmg from crosses made by Bureau workers 
at Thomasville, Ga From these the station workers selected for 
further observation one designated as A-93, a Schley X Moneymaker 
hybiid This is a strong-growing, fruitful tree producing nuts of 
considerable excellence 

The North Carolma Agricultural Experiment Station began breed- 
mg pecans at Willard, N C , m 1912 From a large number of 
seedungs of named varieties station workers have selected a Schley 
seedling, RT 6-4, as being of much promise The New Mexico 
Agiiciiltural Expennient Station at State College, N Mex , has made 
one selection from seedlmgs of named vaiieties This is designated 
as College No 1 It grew from a Sovereign nut that had been open- 
pollmated 

A certam amount of pecan breeding has been started m two foreign 
countries The Department of Apiculture of New South Wales is 
domg prelimina^ breedmg at the Breedmg Station Grafton Experi- 
mental Farms, Sydney, Austraha Selective breedmg is under way 
m Mexico under the direction of the Secretariat of Agnculture, Depart- 
ment of Stations and Expenmental Fields, Mexico, D F 

Three different sets of pecan varieties are recpiired to meet environ- 
mental conditions in the respective American regions Greater hardi 
ness 13 being sought in order that varieties may be used for plantmg 
north of the present limits and to safeguard more southern plantmgs 
agamst extremes of cold Resistance to disease is one of the most 
vital pomta for the success of any vanety Many otherwnse good 
varieties have had to be abandoned because of their susceptibihty 
to fungus diseases No factor is more unportant than that of pro- 
ductiveness It makes little difference how worthy a variety may be 
m other respects — if it docs not bear well it must be replaced sooner 
or later By good nut size is meant medium rather than largo 
Overlarge nuts are objectionable because of the tendency to develop 
imperfect kernels Pecans that will average 60 to 70 to the pound are 
most desired m the unshelled market Tmnness of shell and ease of 
shelhng are also being sought after, as without these characters pecans 
m the shell are unhkely to compete successfully with nuts of other 
kmds that can easily be shelled m the hands or that are sold only m 
the shelled condition Varieties of pecan of probable vidue for breed- 
mg are hsted m the appendix 

Hickories Other Than Pecans 

Selections from species of hickory other than mean have resulted 
m the nammg of a large number of varieties Relatively few have 
been propagated by nursei^en and none has been planted in com- 
meraal orchards A considerable number have been top-worked on 
trees of beanng a^, and a few, grown as nursery trees, have been 
established m small test orchards 

Improvement of the hickones bv selection was strongly urged as 
early as 1855 m an article by S Hale, Keene, N H , m The Magazme 
of Horticulture, m March of that year The earliest record of hickory 
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selection appears even before that, as the “Perkiomen Shellbark” 
was brought to light in October 1853, when Abraham Wismer, of 
Perkiomen Township, Montgomery County, Pa , exhibited nuts of 
this seedling as “a large variety wiA thin shell and kernel of best 
quahty.’’ There is no record that this “variety” was ever propagated 
by budding or grafting, and it may bo assumed that it is now lost. 

The next northern hickory to 
receive varietal recognition seems 
to have been the so-called Hales 
Papershell, a thin-shelled variety 
of shagbark discovered by Henry 
Hales, of Ridgewood, N. J., first 
recorded by A. S. Fidler in 1870 
and first propagated by J. R 
Trumpy, of Parens & Son, nurs- 
erymen of Flushing, N. Y., about 
1880. This variety was propa- 
gated to a limited extent and 
widely disseminated tliroughoiit 
the East over a period of many 
years It is now pmcticall> 
obsolete 

The next varieties to receive 
recognition grew from nuts plant- 
ed in 1885 by J. W. Kerr, Denton, 

Md. Kerr sent away for “shell- 
bark” seed nuts, which ho planted 
along the roadways of his farm 
From the resulting trees he se- 
lected a number of seedlings to 
which ho gave varietal names. 

He grafted some of these on his 
home grounds, but so far as known 
none was established elsewhere 
and none is now believed to be 
in existence. 

Varietal names were used for 
liickorics in the annual report for 
1891 of H. E. Van Deman, po- 
mologist of the United States 
Department of Agriculture. He described Learning, from Rush G. 
Learning, Sedalia/^Io. ; Milford, from O. C. Cook, Aliliord, Mass. ; and 
Shimar, from Samuel C. Moon, Morrisville, Pa. In 1892 A. J. Coe, 
Meriden, Conn., offered a prize for the best hickory that might be 
submitted to the Connecticut Agricultural Society. The prize went 
to Whitney Elliot, of North Haven, Conn., for a variety named 
Elliot in h(s honor. . , 

To Robert T. Morris (fig. 6), formerly a leading suigeon of New 
York, N. Y., but now retired and living at Stamford, Conn., belongs 
credit for beginning a movement in 1905 by which the majority of 
the varieties of hickory now known have been brought to notice. In 
that year he inaugurated a series of northern nut contests m which 



hffue 6 — Itokert Tuttle Morris Stamford, 
Conn., who has contributed much to the 
published knoH ledge of species and rarieties 
of nalite nuts in the Northeastern States. 
In 1905, 1906, and 1907 he conducted 
annual contests for the best isalnuts and 
hickories. lie became charter president of 
the Northern Nut Growers' Association, 
founded in 1910. He has written many 
artieles and one book pertaining to Tarious 
phases of nut culture, especially propagation. 
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cash prizes were given for the best nuts from seedling trees. These 
contests were continued for 3 years, tlien dropped. _ They were 
resumed in 1911 by the Northern Nut Growers’ Association, a society 
founded in 1910 Iw W. C. Deming, then a physician of New York 
but now living at Litchfield, Conn. Dr. Morris was its charter pres- 
ident. ^ The association has held many nut contests, the last in 1934. 

During recent years other similar contests have been held. In 
1926, under the guidance of J. Russell Smith, professor of economic 
geography, Columbia University, New York, N. Y., a contest for 
hickory varieties WJis held by the Philadelphia Society for Agricul- 
ture. A contest for northern nuts, including hickories and other 
specif, was held in Michigan in 1929, under the guidance of the 
e.xperiment station at East Lansing, and two excellent varieties of 
shagbnrk were brought out, Mann and Miller. These appear to be 
ns promising as any yet discovered. The ownership of the parent 
trees has since changed bands one or more times, but both vmeties 
have been successfully^ established by various persons, including G. 
A. Zimmerman, llarrisbu^. Pa. 

A similar contest for hickories was held in Ohio in 1933, and one 
for walnuts in the following year. New York held n general contest 
for nuts in 1934. The Ohio contests were sponsored jointly by the 
experiment station at Wooster and two members of the Northern 
Nut Growers’ Association, C F. Walker, of Cleveland Heights, and 
Homer L. Jacobs, of Kent, Ohio The New York contest was di- 
rected by the State Experiment Station at Geneva, Cornell University 
at Ithaca, and S H. Graham, Ithaca, a prominent member of the 
Northern Nut Growers’ Association 

Following the tliscovcry of the Perkiomen shellbark, previously 
mentioned, the shellbark seems to have received little attention until 
about 1915, when J F. Jones, Lancaster, Pa , bclected, named, and 
began propagating the Stanley shellbark from near Carthage, Ind. 
Other snellbarks, probably more desirable, ha\ e come to light during 
recent years. Along with the shagbnrk and the shellbark, a number 
of other hickories, such as mockemut, Hicoria alba (L.) Britton, and 
sweet pignut, IL ovalis (Wa^.) Ashe, have been included in Hie 
search for varieties of merit. 'Ao mockemut is a handsome tree with 
dense, dark green, fragrant foliage, trunk bark without sc^es, and 
nuts having thick hulls, very hard shells, and small but sweet kernels. 
The sweet pignut also has handsome foliage and smooth bark. The 
hulls are thin, the shells moderately so, and the kernels often nearly 
as rich and sweet as shogbark. Neither species is os commonly 
associated with rich bottom lands as are the shogbark and the 
shellbark. ^ 

Few varieties of sweet pignut have been recognized or propagated. 
Probably the first and one of the very few introduced was Brackett, 
discovered in 1890 by G. B. Brackett, then of Denmark, Iowa. On 
the basis of nut characteristics alone a number of varieties of mocker- 
nut and other hickory species and types have been named, but very 
few of these are especially promismg and in a maiority of cases con- 
siderable imcertainty exists as to the identity of the reputed species. 

Many natural hybrids between Hicoria species have been given 
varietal names and propagated to some extent. In many cases the 
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parentage on both sides is reasonably certain but in others it is a 
matter of conjecture Some of the earliest hybrids to bi come known 
were apparently pecan X shellbark crosses, including McCallister 
from Indiana, Nussbaumer from Illinois, and Rockville from Missoun 
The Burton vanoty from near Owensboro Ky , is suppost d to bo a 
pecan X shagbark iross All of these were first grafted dunng the 
early nineties, or possibly earlier 

The natural type of hybrid of special value occurring most fre 
ouently among the hickoiies is probably shagbark X shellbark, one of 
the best varieties of which is Weiker, discovered in Lancaster County, 
Pa , by J G Rush, of West Willow, and first propagated in 1903 by 
J F Jones, then of Monticello, 1 la Other supposed hybrids are 
apparently crosses between pecan and bilternut shagbark and 
bittemut and pecan and mockernut 

ProUema and PosaihUuies in Hickory Breeding 

Hic kory nuts have never met with the popular favor ac corded pecans 
and black walnuts In the shell they bimg too low prices to justify 
shipment over long distances or extensive handling Sale in the 
shelled condition is laigely limited to small lots in local markets 
Before nuts of the slow-growmg hickory species can be expected 
to become popular enough with consumers to justify the planting of 
extensive orchards, irrespective of time or cost mvolved m bnngmg 
the trees into full bearing, vaiietus must be found or developed that 
can be shelled easily Until this is done hickory nuts m the shell will 
probably continue to compete poorly with pecans almonds, chest 
nuts, peanuts, and man> of the Persian walnuts, most of winch can 
be shelled easily without mechanical aid All known varieties of pure 
species, and with few exceptions all of the hybnds, have shells either 
too thick or too hard to be cracked readily in the hands, though the 
shells of many may be readily broken open mth a light tap of a 
hammer or by the use of some of the hancl-power devices now on the 
market The shells of many vaneties split open when the nuts are 
hit on an edge with a hanimei in such way as to release one half ker- 
nel perfectly wlule the middle partition holds the other half practically 
as securely as before the nut was broken open A few vaneties of 
shagbark nave been found wnth shells of such thinness that breaking 
in the hands is not difficult, but in all such nuts that have been 
exammed by the wnters the cleavage has not been good Instead of 
cracking along definite lines, the shells have merely mashed at the 
pomts where pressure was applied with another nut With the ex- 
ception of the pecan X hickoiy hybrids and pure pecans, which are 
usually oblong, all nuts of hickory varieties have been generally 
roundish in form and therefore quite unsuited for shelling m auto- 
matically fed machmes 

The parent trees of some of the varieties are known to be heavy 
bearers dunng favorable years, and top-worked trees have come mto 
bearing relatively soon, that is, in about the same time as is required 
for apples The kernels of some are plump, bnght-oolored, sweet, 
and puatable To many jiersons, especially to those who knew good 
shagoarks and shellbaiks in childhood, no other nuts taste so good 
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However, it is too early in the growing of these hickories to know how 
well any of them will be received by consumers, even when prepared 
in convenient and attractive form. 

The problem of breeding other hickories, as in the case of the pecan, 
is difficult because of uncertainty as to what characteristics are likely 
to meet market requirements best. However, it may be assume<l 
safely that the requirements for these hickories will not be very unlike 
those of the pecan and other nuts that are popular in the sliell. In at 
least one respect other hickories should have an important advantage 
over the pecan. With the latter, seedling nuts of good size, good form 
for shelling, thin shells, and general excellence are not uncommon in 
the wild product. If such nuts exist among other hickories they 
have not yet been brought to light, in spite of many searches that have 
been made. When superior varieties of hickory are developed by 
breeding, as seems well within the realm of probability, they will 
have no competition with nuts of the same types, either wild or 
imported. 

A small amount of breeding of other hickories by hybridization has 
been undertaken by the Bureau of Plant Industry. Th« objectives 
are much the same as for pecans. However, hardiness 9 more im- 
portant than with the pecan because there is greater lemand for 
varieties that can be gro^vn successfidly beyond the .....Jiem limits 
to which the various species are naturally adapted. This demand is 
from home owners who at present arc unable to grow nuts of any 
kind for family use. 

Nature has already laid much of the foundation for the hybridi- 
zation program with hickories. It has produced many interesting 
hybrid forms, of which some may have considerable horticultural 
value. The majority of the first-generation hybrids are of little or 
no value except for novelty planting or further breeding. Very few 
second-generation hybrid populations have been grown, and until 
facilities are available for growing and studying large numbers of 
such progenies, progress will be slow in the selection of new and valu- 
able types. 

The natural hybrids are suggestive of what may be expected from 
crosses between certain species. For e.xamplc, thinness of shell, and 
to a varying degree astringeniy, seem to be dominant in all bittemut 
(Hicoria cordifortnis (Wang.) Britton) hybrids, and elongation of nut 
seems dominant in pecan X shellbark hybrids. Also, large size and 
uncertain or poor filling appear to be characteristic of hybrids between 
the pecan and either the shagbark or the shellbark. 

By systematic breeding it should be possible to extend the range of 
the shagbark and other good hickories both north and south of present 
limits. A new form having the thinness of shell, the easy shelling 
character, and the rich quality of the pecan, the whiteness of shell of 
the shagbark, and the flavor of either pecan or shagbark, would be a 
great benefit to the nut industry. Such a nut is needed by orchardists, 
small home owners, and consumers. 

In the appendix are given the names of breeders interested in im- 
provement of the hickory and a list of varieties of probable value for 
breeding. 
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Fivf specie s <»f bl u k w iliiufc oc cm ii itiinilly m tlub country Four of 
these are from the fai West and Southwest and one from Tex is Of 
the formei, two aie from ('ihfoimu, onofiom Arirona anti New Mexico 
and one fiom New Mexico, Te xas, and Oklahoma The two Cahforni i 
species uio known as the Hinds or noithein California walnut, Jvglam 
hindhii Jepson, and the southern California walnut, J ealijornica 
S Wats The foimei prows to be a taiily largo tree, now more com- 
monly seen along roadsides and about residence grounds, wheie it has 
been planted foi shade and oinimental e fleet, than in foicsts anel 
fields Nursery seedlings of this species arc the stocks cluelly used on 
which to giaft vaiit ties of the Persian walnut 

The southein California walnut is a smaller growing and less valu- 
able tree It vanes gieatly in habit, depending upon its environment 
Being drought -1 csistiint, it often otcurs in dry, gravelly, oi unfnendly 
soils whei e other spec icb of walnut would certainly fail cntirelj Under 
such conditions it develops as a true shrub only 5 to 10 feet in height 
instead of as a st.mdnid tiee When conditions are more favorable it 
glows rapidly and becomes a fairly good-sized tree It differs from 
the Hinds wvlnut in lacking a centril leader, as its branches spieael 
out ui more or less vase shape It is not planted to any great extent 
The two walnut species native in the Southwest are much alike and 
nowhere of great value One is Jnqlam major (Torr ) Heller, from 
Aii/ona and southern New Mexico This sometimes attams a height 
of 60 feet and a trunk diameter of from 3 to 4 feet, although ordmanly 
It IS a binall tree The other spee leh is J rupeitm Engelm , from parts 
of New Mexico, Texas, and Oklahom i This is a shiubby tree rarely 
attaimng a height of 30 foot The nuts are the smallest of any Amer- 
ican walnut Gencially speaking, all of these western and south- 
western walnuts aie of httle value foi either timber or nut production 
They should bo useful, howevei, m breeding hybrid strams for that 
part of the country 

The eastern black walnut, Juglan'< nujra L , is the most impoitant 
native walnut of this country in both timbei and nut values as well 
as in extent of nativ o and odapteel range No other American timbei 
tieo oqiialb it in value foi such spei lal uses as cabmetmaking, mtciioi 
fumJimg, and tlie mauufacturo ot many oi tides, particularly gun- 
stocks Few oUicr tiee species aie so widely elistiibutcd ovei the 
entire United btates It is giown to some extent in practically eveiy 
State m the Union Unelei the inobt fax oi able conditions it some- 
times attains a height of 100 to 150 feet and a trunk diameter of 
more than 6 feet The nuts aie vaiiable m si/e, foim, thickness of 
shell, and shelling quality and also in chaiacter and flavor of kernel 
The kernels of this species aic favorites with maiiiifiutiu-eib of con- 
fections and baked goods on actoiintof the extent to which Hie pleasing 
flavor IS lotained in tlio cooking piocessos So far as known, the 
eastern species is the only black walnut thus far us^ in breeding 
The history of bi ceding the eabtem block walnut clowly paraUels 
that of the noithcin hiekoiies It has been limited chiefly to the 
selection of viuicties fioin wild trees, the piopagation and testing of 

1 tSJIM’ — 17 00 
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many of these by amateurs, and the commercial planting of a few. 
The Thomas variety from Montgomery County, Pa , discovered, 
named, and first propagated about 1880 by J. W. Thomas & Sons, 
nurserymen, of King of Prussia, Pa , appears to have been the first 
to attain varietal status It h^s since been wiilely disseminated and 
is still tlie general favorite with most ]>lanters. Its seedlings are 
notable because of their \ igor and rapid rate of growth. Six varieties, 
including Thomas, were described by the Department of Agriculture 
in a special report (16) issued in 1896. One of these was named 
Peanut because of the more or less cylindrical and peanuthke shape 
of the single-lobed kernels. So far as is known, with the exception 
of Thomas, no other of these varieties is now being grown. 

The introduction and testing of black walnut varieties received 
little further attention until early in the present centu^. It was 
largely as a result of nut contests begun in 1905 by Morris, and later 
eiqianded by the Northern Nut Growers’ Association and other organi- 
zations amf iuilividualsj that this interest became somewhat ^neral 
The industry received its next major impetus about 1915 when the 
prize varieties were first propagated by nurserymen and made avail- 
able to the public A large number of promising varieties are now 
on record. Many of these have been propagated to some extent. 

Following the lead of Morris in bringing out new varieties, and 
cooperating closely w'ith him, mainly through the Northern Nut 
Growers’ Association W. C. Deniing, J Russell Smith, Swarthmore, 
Pa , the late W. G. BLxby, and the late J F. Jones conducted many 
surveys in the East to d^iscover black walnut seedlings suitable for 
varietal recomiition. The Bureau of Plant Industry has participated 
actively in all of these efforts. 

During recent years other black walnut contests have been con- 
ducted by the State experiment stations of Michigan, Ohio, and New 
York, and also by a number of individuals, especially N. F. Drake, 
Fayetteville, Ark , and H. F. Stoke, Roanoke, Va. In most of the 
association contests Deming dul much of the detail work and par- 
ticipated activ'ely in all judging In this he was closely followed by 
Bixby during a period of about 15 years beginning in 1918. Smith 
took entire charge of advertising the 1926 contest, which was ono of 
the most important ever held by the association. He has been one 
of the principal judges in several of the contests 

Of the eastern black walnut varieties that have been brought to 
light in various ways, several are now grown by nurserymen. The 
best known of these are Creitz from Indiana, Cresco from Iowa, 
Ohio from Ohio, Rohwer from Iowa, Sifford from Virginia, Stabler 
from Maryland, Stambaugh from Illinois, Tasterite from New York, 
Ten Eyck from New Jersey, and Thomas from Pennsylvania. Many 
other varieties from New York to Arkansas and from Minnesota to 
Virginia are also being tested, primarily by individuals, although to 
some extent by public institutions.^ Many of these merit much 
greater attention than they are receiving. Unless they are propa- 
gated soon, they are likely to be lost. 

The Bureau of Plant Industry has mode many crosses for the pur- 
pose of developing better varieties, but so far all have suffered from 
adverse circumstances and few nuts have been produced. A small 
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number of hybrid trees are now growing on the grounds of the Umted 
States IIortKultural Station at Bcltsvillo, Md The Minnesota 
cultural Espenment Station is gi owing ninny seedlings of certain 
northern vanotios for the pur|)ose of seketmg individuals hardy nnd 
otherwise of merit in th it fatitiuh 

As with the hukories, praitieally no v iiicties of black wulmit have 
yet been fully tested in oi chard plnntings The shells of all black 
walnut vane ties ytt rocogni/cd au mu< h too thu k to be c i utked except 
by mechanical imans, although sonu shells au loss thick th in others 

Bunuivui 

What has bnn said contiining the vaiiolal status of the eastern 
black wnbiiit is largely applicable to tin butternut, Jvglaiis cinerea 
L , although considerably loss progitss h is been made m the develop- 
ment of choKO vaiietics This species has a rather restricted range 
withm the Eastern States, but itoccuib naturally as far west as eastern 
Nebraska At present it is nowhere abiindmt ovei large areas As 
a tree it does not equal the black walnut m si/e, although in a favor- 
able envuonmont it sometimes leaehes 100 feet m height and nearly 
4 feet in trunk diameter The nuts are oblong, cvhndncal, sharp- 
pointed at the apev, bluntly rounded at the base, rough and jagged 
ovei the suifaco, ancl usually thiek-shelled Neveithtless some vaiie- 
ties have very good shelling quality nnd the majority have kernels 
with a nch, agreeable 11 ivoi In cooking and in the mamifacturo of 
confections the buttci nut shares the popular favor of the bl ick w aliiut 

The lust vanety of butternut to bo named seoinb to have been 
Aiken, discovered m 1917 by S E Aiken, Giasmere, N H It was 
first piopogated in 1918 by J h Jones, Lancaster, Pa Other vane- 
ties have since been found mainly as a result of contests hold by the 
Noithcin Nut Growerb Association, but none have been com- 
meicioli/od 

While most varieties of butteinut have thic k shellb and are difficult 
to crock, some crack so well with hand-power machmes, of which 
several are on the nuiikct, that the kernels aio released m imbioken 
halves 

This specie s hiib been gieitly neglected by hoi ticiiltiii ists Besides 
producing nut kernels of excellent quality the species ib the hardiest 
member of the walnut genus, its native lango extendmg well into 
Canada It is abimdantly worth development wherever it succeeds, 
especially in the North 

Japanesl. Walnut 

The Japanese walnut, Juglan^ bicboldiana Maxim , was first mtro- 
duced mto this countiy about 1860 It has since been widely tested 
in practically all ports of the country without anywhere attauung 
great importance The tuo has much the size and general form of a 
large apple tree Its nuts are of two distinct sh ipes, nnd botanists 
at one time thought tlieie wore more than one species One of these 
was called J cordijortmi, Maxim , hterally ‘ heart shaped’ , from the 
shape of the nuts However, there is but one species, as the tree 
characteristics arc identical, and seed nuts of either type produce 
offspring of both fruit types as well as of mmy intermediate forms 
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The nuts of both types are smaller, of smoother surface, and with 
somewhat thinner aliells than eastern black walnuts. _ In general, 
both Japanese walnut types are top-shaped and sometimes sharply 
pointed at the apex. Those once called Jiiglanf cordijormis are now 
known as heartnuts These are the better of the two and are now 
receiving the attention of horticulturists The late J F Jones prop- 
agated a number of varieties, beginning iii 1918 with one that he 
called Lancaster Somewhat later he introduced Bates, Faust, and 
Ritchie. These make quick-growing trees of much ornamental value. 
The nuts are excellent. Often the fla\or is indistinguishable from 
that of the best butternuts 

The Japane.se walnut, the butternut, and tlie Persian walnut 
blossom about together and 2 or 3 weeks ahead of the black walnut 
Consequently they hybndize freely The stamens and pistils of 
individual flowers mature at different times, usually the stamens first, 
and this, with wind distribution of pollen, tends to promote cross- 
pollination. By breeding it shoidd be possible soon to develop valu- 
able new forms not grown elsewhere, wiicli would therefore have no 
competition with others of their own kind cither imported or grown 
in the forMts of this country The hybrids are usually very vigorous 
and luxuriant in foliage, but fnut sotting is sometimes very meager 
in spite of abundant production of both staminate and pistillate 
blooms. Size of tree seems to have little relation to the number of 
nuts produced 

Seedling Japanese walnuts grown in this country often produce nuts 
peatly resembling butternuts This occurs with any generation, 
beginning with direct importations and continuing indefinitely With 
imported seed this is undoubtedly due to reversion to a parent type 
common in the Orient, known as the Manchurian walnut, Jvglanft 
mandshunco Maxim , which is so much like the American butternut 
that it is considered to be the same by mo.st travelers from this 
country. In other cases the resemblance is quite definitely known to 
bo due to hybridization with either butternut or Persian walnut. It 
is possible that there may be occasional crosses with the eastern black 
walnut, J. nigra, but no case in wliich this appears probable has come 
to the attention of the writers. 

As a rule the nuts of butternut type borne by possibly hybrid 
Japanese walnut trees are usually of little value owing to tbe thick- 
ness of the shells and poor quaJity^ of the kernels. However, two 
varieties of apparently hybrid origin with the butternut as a parent 
are being propagated to some extent. These are Helmick from Iowa 
and Creitz from Indiana. _ The former is a discovery of James K. 
Helmick, Columbus Junction, Iowa, and the latter was brought out 
by W. A. Creitz, of Cambridge City, Ind., after whom a variety of 
black walnut was also named. 

Persian (Engush) Walnut 

The Persian (English) -wahiui, Jvglans regia L., is the best-known 
and most widely jgrown nut-bearing species of the North Temperate 
Zone. The tree is handsome, large, and of great value wherever it 
succeeds^ both on account of the nuts it produces and for its timber. 
It is native to western and central Asia. Its nuts form an important 
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article of food and of general conimercc Production is important in 
California, Oregon, and to some extent in Washington in this coimti y 
in many European countries, in China, and to some ixtent m Chile’ 
The oiigin and eaily history of this iv dnut is concisely given by 
Heigts (1b), who wiotc 

It was known to the Greeks who introduced it from Persia into Europe at an 
early day ns Pcrsicon or Persian nut and Hisilicon cr Ro>a1 nut 
C trried from Gnece to Romo it bee uni / glat^ (i amc derive I from Jomt and 
glans anatom litciallv Jupiter s Atom er Nut of tht Go Is ) Iroin Rome 
it was distnb ite d throughout continental Eiiript 

It reached England pnor to l')02 Iheic seems to be no clear 
record of the brst introduction of this walnut into the United States, 
but occasional refc Fences and eithti t vidence mdicatt that it came with 
the earliest settlers Robbins and Kamiley (SI) state that ‘In 
lolomal days, the teim English \\ is used to distmguisli this walnut 
fieim the native Ameiican black walnut and because at that time the 
nuts were imported via England ” 

At present Ptisian walnut trees octui quite frcmuntly along the 
Atlantic seaboard from Long Island Sound west to Rochester, N Y , 
and south to Virginia Old tiees, mostly in deciepit condition, are 
not uncommon What is pi ihaps the oldest if not tlie laigcst Persian 
walnut m the United States stands on what is known as the Jacob 
Bauder farm, 7’ miles northeast of Re idmg, Pa This tice wo** dis- 
co veied in 1922 by the late J h Jones and was detei mined by him to 
be 210 yeais old It measurtd 15 feet 1 inch in ciioumterciuc at 4 feet 
fiom the base and hid a limb spiead of 90 feet It is supposed to have 
been planted by the eorlust Gennan settlers 

Under the headmg ‘ A Giant English Walnut”, the American 
Garden for beptomber 1SS8 gave an aceount of a number of Persian 
walnut trees, one of which was still standmg at that time and had been 

E art of a plantmg by Roger Moms, an English gentleman, who in 1758 
uilt a spacious mnision on his estate on Manhattan Island The 
supposition IS that the trees may have <oine fiom the Piinu Nurseiy, 
Hushing, N Y , winch was estabhshed in 1713, 45 years previous to 
tho Moms plantmg 

Other definite evidence of t arly planting is affoided by the so-called 
James Rivei Hybrid, which was cut down in 1928 1 1 stood on Rowe 

iaim, opposite Brandon, nen tho bank of the James River m south- 
eastern Virgima This was behoved to have been a natural hybnd 
between the Persian and the eastern black wilnut Its apparent ago 
was estunated by Bisset (9), who observed it m 1911, to have been 
from 150 to 200 yeais As the year of Bissot’s visit was 304 years 
after the settlement of the first successful Enghsh colony m this 
country at Jamestown in 1607, it would seem probable that the Persian 
walnut parent was brought fiom Europe and estabhshed there by 
colonists some tune dunng tlie first century of Enghsh colonization m 
this country 

Accordmg to I^elong (21), tho Persian walnut is supposed to have 
been mtroduced mto Califomia by the hronciscan monks m 1769 
Ho reported that the earhest plantmg outside of the missions was 
made in San Di^o probably m 1843, and that a second such planting 
was made near Calistoga in 1848 
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The first Persian walnut planting in California to lead to com- 
mercial development was made by Joseph Sexton, of Santa Barbara, 
from nuts presumably of Chilean orimn, bought by him in San Fran- 
cisco in 1867 (S6). Nuts from the Sexton trees were later used for 
growing seedlings for extensive orchard plantings in southern Cali- 
fornia. The nuts from these are known on the market as Santa Bar- 
bara soft-shells. Hard-shell walnuts were planted in northern 
Califomia at about the same time as in southern California. It 
remained, however, for Felix Gillet, a Frenchman, who established 
the Barren Hill Nurseries at Nevada City, in 1871, to arouse interest 
in the_ whole State in grafted walnut trees of soft-shell varieties. He 
early imported many shipments of scions and nursery trees and was 
the first to introduce into Cahfomia practically all of the best French 
walnut varieties now grown in this country. 

Planting of seedling Persian walnut trees are known to have been 
established in Oregon durmg the seventies or early eighties, as occa- 
sional seedling trees estimated to he from .50 to 75 years of age are to 
be found in the Willamette Valley of that State. The first commercial 
Ranting in Oregon consisted of seedling trees put out in 1893 by L. T. 
Davis, of Dundee, Oreg.* This orchard was later purcha^ by 
Thomas Prince, by whom it was materially expanded and made famous 
for ma^ years as the Prince Orchard. Urafted trees began to appear 
in the Pacific Northwest during the late nineties, when A. A. Quam- 
berg, of Vancouver, Wash , and others first planted trees of French 
vaneties, which they procured from Gillet 

The practice of breeding walnut varieties by selection appears to 
have been inaugurated by the French. L D. Batchelor stated in an 
unjiublished report on walnut culture in France that some of the 
varieties, such os Mayette and Franquette, had been grafted for over 
100 years, and that the present commercial walnut industry of 
France is based upon grafted wnhiuts. 

The planting of the seedling trees by Sexton was followed by 
marked expansion of seedling orchards in the southern part of Cali- 
fornia imtil about 1900, when many individual trees oegan to be 
selected and used as new varieties. Since about 1906 practically all 
plantings have been of named varieties and many seedling orchards 
nave been top-worked. 

In the Eastern States for approximately 10 years, beginning about 
1915, efforts were mode by J. F. Jones, and others to develop Persian 
walnut varieties that would be hardy in that section of the country. 
It was assumed that hardiness would be increased by grafting varie- 
ties on stocks of the eastern black walnut, Juglans nigra. However, 

f iracticaUy all of the varieties so developed have since become obso- 
ete, as they proved too subject to injury by winter cold or late 
spring freezes. Hardiness was apparently not affected appreciably 
by the use of black walnut stocks. 

Persian walnut breeding by cross-pollination is still in the initial 
stages. Much preliminary work has been done in the way of conduct- 
ing studies of blossoming habits and of pollen behavior. Varieties of 
this species are largely dependent upon other varieties or species of 

* Personal sUtement made July 21, 1910, in Washington, D. C , by E K Lake, farmer profeesar of hortl- 
onltuTB end forestry, Oregon Agnoultnisl College, Corvallis. 
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walnut for pollen for the reoson that their own pollen is often not 
available at the time it is needed. This is because the staminate 
or pollen-producing flowers do not function simultaneously with the 
pistillate or nut-producing flowers. Usually in such cases the stami- 
nate flowers mature and shed their pollen, dry up, and fall to the 
ground before the pistillate flowers become receptive Occasionally, 
however, this order is reversed and the pollen is shed too late to func- 
tion on earlier matunng stigmas. Young trees seldom produce 
staminate flowers until several years after the appearance of the 
first pistillate flowers Wood (46) has found that varieties of this 
species are entirely fertile to their own pollen when it is available 
at the right time, and equally fertile to pollen of any other species of 
Juflfana. 

Persian walniit hybrids, resulting from natural crosses with the 
Hinds walnut (Juglann hindtni) of northern Cahfomia, occur with 
great frequency m that State. In the East natural hybridization is 
not uncommon with the eastern black walnut (J. nigra) or with the 
butternut (J. einerea) and occasionally with the Japanese walnut 
(J. meboldiana). No hybrid of these types yet found has been of 
horticultural value, although often the trees are vigorous growers of 
much beauty and not infrequently of greatly increased hardiness. No 
doubt some of these hybrids would furnish timber of value; but the 
cost of developing hybrids, added to that of bringing walnut trees 
of any form to timber age, is entirely too great to justify considera- 
tion of hybrids for this purpose under present economic conditions 
The few nuts produced by these hybrids are usually thick-shelled 
and contain very little kernel. 

Breeding the Persian Walnut 

The principal weak points in present varieties of Persian walnuts 
are susceptibility to bacterial blight, lack of hardiness sufficient for 
conditions in the Eastern and Northern States, lack of uniformity in 
beanng, and general lack of quality of nuts Some varieties have con- 
siderable astringoncy in the pellicle of the kernels, owing to the pres- 
ence of tannic acid. 

Practically all varieties are susceptible to walnut blight, a serious 
bacterial disease affecting both nuts and twigs. This disease is now 
being controlled by proper spraying, but only at CTcat expense. Lack 
of hardiness is a definitely hnuting factor m the East, although there 
are occasional trees in many of the Eastern States Trees that survive 
longest in this region usually have the protection of buildii^, lakes, or 
other agencies that modify local temperature extremes. The Persian 
walnut IS quickly responsive to warm periods in late winter or early 
spring and consequently is vulnerable to frost injuiy. When injured 
by frost or other mechanical agency the tree recovers slowly. Loss by 
freezing is a matter of universal concern in commercial walnut dis- 
tricts of Europe, Asia, and the United States 

Variation in annual yield largely results from environmental influ- 
ences and would bo difficult to overcome or reduce through breeding 
alone Nevertheless, it is more serious in some varieties than in others, 
and development of greater fruitfulness should result in appreciable 
improvement. 
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Some varieties are more resistant to blight than otherS; and because 
of slow response to mild temperatures, some are less subject to injury 
by cold in winter or spring. Other superior qualities of some varieties 
include fruitfulness; uniformity in size of yearly crops; shells well- 
sealed at the ends and so firm that they do not crack while being 
handled, although they are easily cracked by machine or hand; very 
little or no astringency in the pellicle; and richness and palatability of 
kernel Such varieties, each having certain good qualities, are the 
material from which the breeder hopes to develop new varieties having 
combinations of larger numbers of desirable characteristics. 

The problems involved in breeding by cross-pollination are not 
unusually intricate. While it is possible that better varieties or better 
basic material for use in breeding, particularly in the matter of hardi- 
ness, might be obtained from some foreign country, this does not seem 
probable, as the principal walnut regions of the world have been fairly 
well searched. It is believed that an abundance of varieties and strains 
of types desirable for breeding is already within this country. As a 
rule French varieties are the hardiest among grafted kinds, although 
a few seedlings in the East, probably of German origin, may be some- 
what more hardy. _ However, eastern-grown l^ersian walnuts seldom 
have the high quality and relative freedom from ostringenev of pellicle 
characteristic of the western nuts, such as the French and the Santa 
Barbara soft-shell varieties. 

Persian walnut breeding has thus far been confined to selective 
methods for developing greater hardiness, greater resistance to blight, 
heavier bearing habits, and nuts of supenor quality N uts are desired 
of large but not too lai^e size, of good sealing quality, and with shells 
thin enough to crack readily without breaking during normal handling. 
The kernels must be plump, bright, smooth, free from prominent 
points that break off easily, nch in quality, sweet in flavor, and without 
tannic bitterness in any part of the pelhele. 

The New York (State) Agricultural Experiment Station has made 
crosses between Juglans regia and J nigra in the hope of developing 
walnuts of the Persian type hardy at tnat latitude. Similar crosses 
have been made by the Minnesota Station at University Farm, St. 
Paul. In both cases the first-generation offspring has shown increased 
hardiness as well as vigor, but the nuts have been of little value. 

In Mexico a certain amount of breeding by selection and of variety 
testing is being conducted under the direction of G. Gandara^ Secre- 
tariat of Agnculture, Department of Stations and Experimental 
Fields, Mexico, D F. 

Breeding by selection to develop superior or even more hardy 
varieties of Persian walnut appears to have about reached its practical 
limit, as the principal walnut-growing regions of the world have been 
more or less thoroughly surveyed and no new varieties of outstanding 
merit have been found in considerably more than a decade. How- 
ever, an effort is now being made by P. C. Crath, of Toronto, Canada, 
with the financial aid of Carl Wescheke, St. Paul, Minn., to procure 
Jvfllana regia seed from certoin known trees in the Carpathian Moun- 
tains of Poland, which, it is hoped, will produce^ seedlings hardy in 
northern parts of this country and Canada. Distributions of seed 
nuts from that source have already been made more or less generally 
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thioughoiit Wisconsin, Minnesota, the Dakotas, and Ontaiio, Canada 
Reports as to the behavior of n suiting seedlings are contradictory 
but there is a possibihty that some of the Crath introductions \vill 
piove suitable for limited use in home plantings wheit other trees of 
the same species have not been hardy 
Breeding by liybndi/ation in the hope of developmg an entuely 
new form of walnut, which would be chstinctly unlike any existing 
form and therefore would have no direct lompitition, is now being 
planned by the Bureau of Flint Indiistiy foi tlio eaxly futuu Tins is 
to bo undertaken by erossmg the Ptrsi-in walnut with the butteinut 
for hardmess and flavor, and probably with the eastern black walnut 
for a blend of excellent flavors and possible grcatei timbei value 
Crosses will bo made so as to include the best of the Japanese walnuts, 
as that group is moie hardy than the Peision Mulmit and will glow 
farther south than the butteinut Heartnut trees do not attain the 
great size of the eastern black walnut, and fiom that standpoint they 
oio more desirable for orchaid pin poses 

Ilybndization of vaiieties stiiotly within the species with possible 
mfusion of eharocters from some other species on the western coast 
should greatly improve resistance to disease, liaidiness, fruitfulness, 
and the gcneial quality of nut However, plans for breeding of this 
sort do not appear to have been announced by any institution or 
individual Nevertheless, the possibihties aie so gie it and the field so 
inviting that it is hardly to be conceived that it will long remam 
neglected 

In the appendix aie listed vaiieties of black walnut, butternut, 
Peisian walnut, and Japanese walnut, likely to be of value in breeding 
work, and the names of plant breedcis who aie actively woiking with 
Juglans ALMOND 

The almond, Amygdahis commnms L , is a close relative of the peach 
and therefoie a member of the botamcxl finally Rosiceao It lesem- 
bles tlie peaeh in appearance ol tiee, fohage and flower It is one of 
the earbest oi chard fruits to blossom In this country the blooming 
period IS from January to Maich, and on this account it succeeds only 
m regions wheie theie is minimum danger of killing tempeiatures 
during that penod It requues a dehnite although shoit peiiod of 
complete dormancy, without which it tends to become evergreen 
For this reason it is unsuccessful m the mild regions of the South 
Two types of almonds are under cultivation, sweet and bitter To 
the former belong the fomihai dhnonds of commerce, common m the 
markets Of these there are tbiee types, depending upon the thick- 
ness of the shells— hard-shell, soft-shell, and paper-shell The Jordan 
IS a typical hard-shell variety, the Peerless a typical soft-shell, and 
the Nonpareil a typical paper-shell Seedlmp of both sweet and 
bitter almond are us^ as stocks upon which to bud eehble vaneties 
Lake the Persian walnut, the almond is of Old World ongm and has 
been known and pnz^ for food smee the earhest times It is sup- 
posed to have ongmated m the Meehterronean Bosm 

It 18 not improbable that improvement of the almond by crude 
selection began quite as early as with any orchard frmt There 
IS evidence that grafting was practiced long before the Christian 
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Era. Tlio almond is easy to bud, and it is presumablo that in very 
early times good almonds were \\orIved on those less good and thus 
perpetuated. 

.^mond varieties ha\e been recognized as such for a century or 
more in Spain, but varieties there are types rather than cions. Almonds 
were fiist introduced into the eastern United States by pioneer hor- 
ticulturists, but without success. 
Later they were taken to Cali- 

' fomia, where, during the last half 

century, their cultivation has be- 
come a n important orchard indus- 
try Introductions of varieties of 
European origin into California 
began before 1853 
The first vaneties introduced 
into California proved of little 
penniment value and have since 
been gradually supplanted by 
others of Calilomia origin. Out 
of 7§ varieties rated by Wood 
(45) as being of commercial im- 
portance in California in 1925, 
60 were of California ori^, 4 of 
imcertain origin (probably Cali- 
fornia), and 12 only were from 
Europe. None of the European 
varieties was rated as being then 
in favor with experienced growers 
Fiffire 7.— A T. llaicli (1837-1910), Sui or apparently of value for future 
Bun City, Colit, greateBt contributor to tb« xise. ITowover, the early intro- 
devclopmeni of almond vaiietiM thi» Juctions and their iU-advised 
t^ntry. I^nug the eighticB or^nat^ planting iu various parts of the 
State much &t oa the 

bee., .he leading botIb grown in Cahfom.a. PO^jbllltieS of ahllOnd, growing 111 
At that time these became hifl final favonies Camornia and on environmental 
out of many of the first Bclections made and ^ Cultural re(]Uirement8, and 
by him from seedlings of a bitter almond fumishcd materiaJ for developing 
tree standuig near a sweet almond by which better Varieties. 

it had doubtle^-, been jiollmated. Alniond breeding by selection 

from seedlings grown on a la^e 
scale for the purpose appears to liave long preceded sunilor work with 
any other nut grown in this country. In 1878 A. T. Hatch (fig. 7), of 
Califomia, who at one time had almond plantings in 20 counties put out 
at Suisun City an orchard of over 2,000 seedlings grown from nuts of a 
supposedly seedling bitter-olmond tree which stood near a tree produc- 
ing sweet almonds from which its floi^ ers were undoubtedly cross-polli- 
nated.^ The purpose was to use these seedlings as stocks upon which 
to bud good varieties. Concemii^ his next move, Hatch wrote: 

I found a suppoecdly seedling almond vhich had been prolific in its bearing for 
several years. It was small but soft-shelled, sweet, but hard to hull and therefore 



> latter Irom Mr Hktoh m Dtp^ment flto written Inne 20, 18»2, Nut Culture in the United States 
US,p SO), and recent statement by Mrs P C CsmplieU,Vacaviiis,Caiil, a daughter of Mr Hatch 
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exiMjnsive to handle, though I thought it mbs licttor than ono that did not bear good 
crops, ho I huddcd the seedling tiees in place in the orcliaid with buds from these 
trees (prob^^y this tree), but not haMiig liuds sufficient for all thcie wcie, boinc- 
where near 300 remained seedlings Tlie second year after planting I found upon 
soin6 of tncs© & few Aimondb, bome of which bocmed to be \tTy fine, sweet soft- 
shelled almonds, when I concluded to leave them as sccdlinirs until they miaht 
bear fruit 


From then on lie marked the trunk of each tree in sucli manner as 
to indicate the character of the nuts and size of tlie cron. It was from 
trees so marked that ho made many selections, including two that lie 
later named IXL and La Prima. 

Hatch was so pleased with the general character of the nuts from 
these unbudded trees that he tried to imluco those that he hail previ- 
ously budded to push out sprouts from below the buds in order that 
they too might bear In this way he wms able to add greatly to the 
total number of promising new ^rts. Among those so discovered 
were two that ho later named No Plus Ultra and Nonpareil. Tliesc 
two, together with IXL, were his final selections; and under tlie popu- 
lar group name of “Hatch varieties” they later took rank among the 
most important varieties of almond grown in this country. To some 
extent these have been introduced into foreign countries. 

The great majonty of varieties now grown in California originated 
as chance seedlings disi-overcd by <-areful observers in various parts of 
the State. A few were introduced from France^ mostly by (lillet. 
Several came from Spain as the result of introductions by David Fair- 
child and Walter T. Swingle, of the United States Department of 
.(Vgrieultiu'e. However, next to Hatch it is probable that the man who 
did most toward contributing valuable varieties to C’alifomia was 
A. M. Newlands, of Colusa. Ncwlands planted a sack of almonds in 
1883, and 3 years later chose 4 seedlings, to which ho gave the 
names of California White, Commercial, Eureka, and Lassen (46). 
Of thescj Eureka is one of the best small varieties in the State. 

Brcedmg by hybridization was begim by M. N. Wood, of the United 
States Bureau of Plant Industry, in 1923, in cooperation with the Uni- 
versity of California. Thousands of crosses have been made and the 
resulting seedlings brought to fruiting at the State Agricultural 
Experiment Station at Davis, Calif. A number of promising seedlings 
are now imder observation. Two of these are being tested in many 
parts of the State Nuts from ono of these and from both parents are 
shown in figure 8 

Present Work in Aemond Breeding 

Few of the varieties producing the best nuts are good bearers. Some 
of the best bearers are unsymmetrical trees, difficult to prune. The 
nuts of many of those that Dear well have hard shells or are of inferior 
flavor. The shells of some others are of^such softness that they crum- 
ble badly in ordinary handling. A considerable portion of the kernels 
of certain varieties are gummy and objoctionablo. In many eases the 
foliage is seriously subject to red spider injury. Some varieties are 
diflacult to “knock” from the trees; that is, to jar off when fully mature. 
In some varieties there are often a great many “stioktights or nuts 
from which the husk separates poorly or not at all. A few of the varie- 
ties most extensively grown produce nuts too small to bnng good 
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prices. A not uncommon defect is that of forming double kernels, 
called “philopenas.” 

If a variety of almond could be found combining all of the good 
points of present varieties and seedlings, Uttle more could be desired 
in the way of a first-class almond. Such desirable characteristics as 
lato blooming; full bearing; good qualities for harvesting, hulling, and 



Figuie 8 — Two of the almonds used in breeding and tbeir offspring, which is believed 
to be promising as a new vanety. A, PistJlate parent; B, staminate parent; C, the 
offspnng. X The nut of the new variety is superior to that of either parent in 
being larger, brighter in color, and of thinner shell. The kernel is larger, brighter, 
smoother, and of finer flavor. The tree is more fruitful and so far has been highly 
resistant to the red spider. 

shelhng; a high degree of resistance to certain insects, particularly the 
red spider, and to a number of diseases ; and general excellence of kernel, 
are all to be found distributed among present varieties and seedli^. 

The problem of the almond breeder is to combine as many as possible 
of these good qualities in a few varieties. This should not be difficult, 
as the technique of almond breeding, like that of other rosaceous 
fruits such as apple, peach, plum, and others, is not especially difficult 
to perform. AJmond pollen is carried only by insects and not by 
wind, and pollination is therefore easily controlled. This is quite 
different from walnuts, hickories, chestnuts, and filberts, the pollen of 
which is wind-carried, produced in great abundance, and difficult 
to control. 
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Present woik m almond breeding by the Bin can of Plant Industry 
IS well-organiro<l and, as alieady noted, is being s\ st* matirally 
earned on m cooperation with the Unueisity of California Nuts 
from crosses made by Buicau woikeis aie planted in nursery rows at 
University Faim, Davis When the seedlings are 1 year old, scions 
from some of the more vigorous giowds aie top woikid m old tiees 
and quickly brought into beaiing Laigc numbeis ui e soon eliminated 
and only the most promising are preser\(d In "i to 10 yeais after 
the seed is planted further selections aie made, and these are tested m 
vanoua almond sections of the State by top-woiking on established 
tiees The work is making veiy satisfactoiy progiess, although no 
varieties aie yet leady for geneial distiibution 

With the possible exception of ceitain ol the Joidan types as grown 
m Spam — long, haid-shclhd vaiieties, veiy popular with confei- 
tioners, chiefly because of the form of the kcinel — it is generally con 
coded that the best almonds on thi world s markets now come from 
Cahforma When the good pomts of the Cahloinia vaiieties are 
rightly (ombmed theie is abundant leason to expect that Amciican 
almonds will completdy dominate the maikcts of this countiy 

Breeders now engage elm work with almonds are named in the appen- 
dix, which also contams a list of almond vancties considered valuable as 
breeding mate,..! pisTACllL 

The pistache, Fistacia tera L , is a small-giowmg, wide-spieaelmg 
tree up to 30 feet m height, dioecious m habit of floweimg, and pro 
duemg nuts of mue h value The nuts are small m si/e anei home m 
clusters that often weigh sevei at pounds Each nut has a thin, reddish, 
leathery husk The she 11 of the nut is vtiy smooth, whitish, and thin, 
yet of bony haidnei.8 It tends to split open shghtly upon matuiity, 
but not to such extent as to rtlcase the ke i iicl The flavor is mild, the 
texture fine, and the color of the kernel greenish throughout When 
finely ground , pistai he kernels are used to give coleir and flavor to confec- 
tions The darkd they are the bettii tluysuitthepi rpose Thenuts 
are piepaied foi market by salting and i ousting while still m the shell 

The pistaihc grows in hot dry iigions whcie it withstands ad 
versity bettei than tithti the almond oi the Peisian walnut It is 
natixe m Syiia and neaiby regions It was hist mtioduced mto the 
Umted States m 185S-’>4 by the Coiiiniissioner of Patents, by whom 
seeds weio widely distributed thioughout the Southwest Little 
mterest was aroused, however, until 1876, when othei mtroductions 
were made by G P Kxxford, of San liancisco, (\hf , by whom tiees 
weio brought into fiuit m 1881 Many more leccnt mtioductions 
have been made by the Division of Plant Exploiation and Inti oduction, 
Buieau of Plant Industiy 

There are now numerous small plantings of pistache trees m the 
interior valleys of central and southern California For many years 
the most extensive grower m that State was Claude Tiibble, of Elk 
Grove lie made many experiments m propagation, mcludmg the 
use of dillerent species as stocks upon which to graft the better varie- 
ties In his experience Pistacm oFlanlxca Deaf proved more satis- 
factoiy than P chinemis Bunge Others have used P terebirUhus L 
as a stock with satisfactory results 
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Much work is still necessaiy to dcteimmo the most satisfactory 
pollmi/ers to use for the cultivated varieties Practically no work m 
breeding has yet been repoi ted and so fir as known none is planned for 
the immediate liituro However, the siipenor ment of this species 
and its abUity to glow under conditions to which no other nut of this 
country is well adapted would seem to justify immediate attention by 


our breeders 


THL TUNG IRrr 


The tung tree, AleurUesJorthi Hemsl , is the hardiest and most valuable 
member of a group of closely related tropical and subtropical trees 
producing inedible seeds or nuts from which a i aluable drying oil is 
extracted Tlus oil has been used m the Oiient for many centuries m 
waterproofing wood, paper, fabrics, and other products Within the 
last half century it has come into important use in Europe and the 
Umted States m the manufacture of waterproof varnishes, pamts, 
paint dryers, and linoleum Tung oil is much like linseed oil but dnes 
more rapidly and is more resistant to water The tree is handsome, 
having a round top and dense, catalpahke leaves 
The species was introduced into the United States in 1905 by the 
Division of Plant Exploration and Introduction through the efforts 
of David Fairchild, then in charge, and United States Consul General 
L S Wilcox, Hankow, Chma It has smee attracted wide attention 
among planters in northern Flonda, southern Georgia, and Gulf 
Coast States westward to Texas 

The earhest plantings were entirely of seedlings chosen without re- 
gard to hardiness, frliitfulness, or ment of nuts produced In 1923 
studies as to relative ments of strains and seedlings were b^n by the 
Flonda Agncultural Experiment Station at Gamesville Later, sim- 
ilar work was taken up by the State stations of Geoma and Louisiana 
and by certain mdividuals, notably the late J B Wight, Cairo, Ga 
Several selections have been made, and m a few cases wese have been 

8 laced on a vanetal basis by budding and grafting in the nursery 
ine commercial orchard of grafted trees consisting of about 4 acres 
has been established at Cairo Ga 

The Flonda station found that seed nuts planted in early winter or 
midwnntcr often result in trees ranging from a few inches up to 6 to 8 
feet 111 height by the end of the first season Such large trees may be 
budded dunng the late summer or fall The buds wdl remam dormant 
until the followmg spring, when the tops should be cut back and the 
buds made to push out In this way budded trees smtable for trans- 
plantmg may be grown m about 24 months from the time the seed is 
planted 

Active hybndization was begun by the Flonda station at Games- 
viUe in 1929 Several selections from the resulting seedlings have 
smee been made, but their value has not yet been ftilly determined 
Selective breeding at the Geoigia Coastal Plam Experiment Station, 
Tifton, Ga , begun m 1933, has resulted m the selection of three 
promismg seedlings, nos 24, 39, and 49 Breedbmg through pure-hne 
selection and hybndization was begun at the Louisiana Agncultural 
Experiment Station, Baton Rouge, in 1935 The objectives at each 
of the stations are much the same, that is, to produce vaneties that are 
hardy, vigorous, and heavy producers of good nuts nch in oil 
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hgure 9 — Nature of growth and blooaoining habils of hickunes and wolnuta oa dlus 
trated by the pecan A Twig showing elaminate flowers (a) borne axillary on growth 
of the past season and (6) pistillate flowers borne terminally on growth of the rurrent 
season B Section of a catkin showing three slaminate flowers of the many that form 
on each calkin C Fnlarged staminate flower contaimng several anthers (a) 6 
sepals D Single pistillate flower with rough sUgma at a 

FUNDAMENTALS IN NUT BREEDING « 

Complete pollen control is vital to efficient y in nut hybndization work 
Ihe chief genera grown m this country are walnut, hickory (including 
the pecan), filbert, pistache, chestnut almond and tung With the 

* The following pages are intended pnmartly to give n fnict on to ntu Jents an 1 tho e i rofe onally inter 


872 


YEARBOOK, 1937 


exception of almond and pistache, all are monoecious; that is, the 
pollen and nut-producing flowers form separately in different parts of 
the same tree, as shown for the pecan in figure 9 The almond bears 
perfect flowers; that is, stamens and pistils occur in the same flowers, 
as shown in figure 10 The pistache is dioecious and bears the pistil- 
late and staminatc flowers on different trees In general appearance the 
tung flowers greatly resemble those of the almond, but they are imper- 
fect, os stamens appear in some flowers and pistils in others. The pollen 

of almond and tung 
trees is carried by in- 
sects; that of the wal- 
nuts, liickories, Alberts, 
pistaches, and chest- 
nuts is carried by wind. 

In most wind-polli- 
nated nut-bearing 
species, dichogamy 
ists to a greater or 
..5s extent. This de- 
velopment and _ ma- 
turity of the staminatc 
(male) and the pbtil- 
late (female) flowers 
at different times ne- 
cessitates cross-polli- 
nation. The degree 
of dichogamy varies 
with the vanety, the 
age and nutrition of 
the tree, and seasonal 
conditions. In the cose of some varieties of the same or different 
species, dichogamy is so complete that the trees are unfruitful unless 
they are pollmatod by another variety produemg pollen at the time 
the pistils are re<-eptive. Some varieties are protandrous, that is. 
mature their pollen in advance of the period of stigma receptivity of 
the pistillate blossoms; while others are protogynous, that is, the 
stigmas of the pistillate flowers are receptive before pollen is matured. 
In other varieties there is a short and moderate overlapping period 
of pollen shedding and stigma receptivity. Therefore, the degree of 
dichogamy in the materid worked is of considerable importance in 
nut-breedi^ operations and technique. In the cose of the protan- 
drous varieties pollen must be so collected and stored that it will 
retain its viabihty until it con be used for selFing or for pol linating 
other varieties with later pistillate blossoms. The protogynous varie- 
ties present a different problem m that the development of the 
stammate flowers must be forced by cutting off catkin-bearing shoots 
and storing them in water in a warm place, or by obtaining pollen 
from localities where the varieties blossom earlier in the season. 

Procuring pollen is quite easy, since all that is necessary is to collect 
the mature catkins just prior tp the liberation of their pollen and to 

I ilace them on smooth, hard paper in a warm, dry room, where the 
ocules will soon open and release the pollen. 



^ipire 10 , — Essential parts 6f an almond bloesc 
Stigma; b, stjrle: c, oyary; d, anther; e, filamei 
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The stage of matunty of poUen can be determined by the stiffness of 
the catkiM and the color of the anthers. Woodroof and his coworkers 
(-#5) foimd that a pecan catkin that will not shed pollen within 48 hours 
IS relatively stiff, whUe one that will do so in 12 hours is limber. The 
within about 48 hours of the time when they 
will begin sheddi^ pollen is about the same ns that of the leaves and 
bracts. After that the green color is gradually replaced by the 
orange yellow of the pollen. This description of pecan catkins applies 
in general to those of other species of 
Ilicoria as well ns to Juglans, Corylvs, 
and Castanea. 

In order to get a controlled cross it 
is necessaiy to use unmixed pollen This 
is probably best procured by collecting 
mature catkins shortly before any pollen 
has been shed, washing them repeatedly 
with running water, removing the excess 
water with a sterile towel, and then dry- 
ing the catkins slowly m a desiccator 
or other similar container. The catkins 
should not bo too green, as they wiU 
be hkely to wilt without shedding, or 
the viability of the pollen may become 
impaired. 

With some yiecies pollen loses its vital- 
ity quickly. In makmg crosses it b not 
infrequently necessaiy to preserve pollen 
for some time while waiting for the 
pistillate flowers of desired varieties to 
mature. To do this successfully, pollen 
that is thoroughly diy, yet fresh, must 

be placed m vials or tubes plumed with offh>podermicn«,dleauachedw 
cotton and held at a low but not freezmg a rubber bulb by means of a curved 
temperature glass tube, used by pecan breeders 

I^umerous methods have been used for m applying pollen lo thesugmaaof 
controlling pollination in the wind-polli- pistillate flowers enclosed within 
nated nut plants Absolute control m cellophane covers, 

such cases is quite difficult and requires 

a special techmque not needed with insect-pollinated plants. It is 
essential that the pistillate blossoms be covered well in advance of 
their receptivity with a material that will preclude pollination. 
.These covers must not bo removed, even momentarily, while there 
is pollen in the air. In the pecan it hw been shown that pollen 
is not shed when the relative humidity is about 85 percent; how- 
ever, that does not insure that the air is free of pollen, for the 
reason that it may not have had time to settle out. Woodroof 
( 47 ) found that the usual methods of covering the pistillate flow- 
ers with cloth bags or paper sacks do not eliminate all possibility 
of the entrance of pollen. Their findings were later supported by 
investigations of Traub and Romberg ( 40 ) These latter workere 
devised a method of using closely woven cloth bags impregnated with 
paraffin to cover the pistillate blossoms. A hypodermic needle 
138004”— .17 00 
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attached to a rubber bulb (fig 11) thus used to introduce the desired 
pollen by simply pushing the needle tlu-ough the cloth bag and lightly 
squeezing the bulb to force out the pollen. They also found that if 
the covers were removed and the blossoms pollinated between 5 and 
7 a. m , when the rel- 
ative humidity was 


about 85 percent, there 
was little danger of con- 


tamination. Later 


Smith and Romberg 
{S4) improved the 
method by using trans- 
parent cellophane bags 
made from sausage 
casings Since this 
method of pollination 
control is readily adapt- 
able to all walnut and 
liickory species, it will 
be desenbed in some 
detail Cellophane 
sausage casing arc 
made m many deferent 
sizes; usuolly a cosing 
l}i inches in diameter 
is satisfactory. These 
casings ore seamless 
tubes, usually sold in 
lengtlis of approxi- 
mately 32 feet. They 
are cut to the length 
desired, and one end is 
closed by tying, folding 
over, and tying again. 
The finished case or 
tube should bo 4 to 5 
inches long. The 
tubes are placed over 
the clusters of pistillate 





Figure 12 — Cellophar ^ ng, 

used in preventing unwanted pollen from reaching the 
stigmas of pistillate pecan flowers to be used in breed- 
ing. This is plugged with cotton at the lower end and 
ti^ tightly at the upper end. The pollen is applied by 
means of a hypodermic needle (fig. 11) driven through 
the cotton. 


flowers well before the 


stigmas become receptive. A plug of cotton batting is wrapped 
around the blossoming shoot so that the lower end of the tube can 
be tied over it (fig. 12). The cotton plug provides ventilation for 
the pistillate flowers. When the stigmas become receptive they are 
pollinated with the desired pollen bv pushmg the hypodermic needle 
through the plugs and blowmg pollen over the stigmas by pressure 
on the rubber bulb in which the pollen has been placed. Operate 
needles and bulbs must be used for each variety of pollen, or if the 
same outfit is used it must be sterilized with 95-perccnt ethyl alcohol and 
carefully dried when changing from one variety of pollen to another. 

Pollination control in the almond is quite simple. The flowers are 
emasculated by the removal of the stamens and petals before any 
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poUen 13 shed. In practice the emasculated flowers are usually cov- 
ered with mnnila bags, or the trees are enclosed in tents or cages 
made of muslm or wire screen of fine mesh, to prevent the introduc- 
tion of foreign pollen by insects. However, these safeguards ore 
probably unnecessary, since in rosaceous fruits, including the almond, 
there is practically no wind pollination ami insects do not visit emas- 
culated flowers. When the stigmas of the almond are receptive they 
are pollinated by being dusted with the desired pollen applied with a 
camel’s-hair brush 

Stigma Receptivity, Pollen Shedding, and Pollen Viability 

There are no available data for some of the species of nut-pro- 
ducing plants on the period of stigma receptivity, the time of pol- 
len shedding and pollen yiabihty, and the factors affecting them. 
In some cases investigations on these points are under way but 
ipcomplete. 

The almond has a relatively long blossoming period, especially if 
the time is counted from the openmg of the first blossoms of the earli- 
est varieties to the last shedding of pollen by the latest varieties 
Tufts and Philp report that in practically all instances the first 
pollen produceil was found inferior in quantity and in viability to 
that produced later by blossoms on the same trees. The abundance 
and viability of pollen was found to vary with the variety and from 
season to season, but generally pollen was abimdant and viable. The 
viability of pollen was found to bo greatly affected by wind, cold, 
and rain. 

The filbert normally has a long blossoming period, often extending, 
within the same variety, for more than a month, although when 
temperatures are unseasonally high it may bo short. According to 
Schuster (SS), either the filbert stigmas are receptive long before 
they attain full size or pollen that lodges on their surfaces remains 
there in viable condition until tho stigmas become receptive. The 
quantity of filbert pollen produced varies greatly according to 
variety, temperature, and vigor and general condition of tree, and 
no doubt it is influenced by other factors. The catkins begin to 
form in summer, and there is great danger of their being injured or 
killed during tho following winter. For these reasons filbert pollen 
often shows great ^fferences in viability. Schuster found that pol- 
len stored in an open vessel lost less than 25 percent in viability 
in 2 weeks. 

Normally the pecan, as well as other species of Ilicoria, produces 
enormous quantities of pollen. Young trees generally produce catkins 
for one or more years before any pistdlate blossoms are formed. 
Woodroof (49) reports that a single pecan catkin will normally shed 
pollen for 2 days, a single tree for 5 to 6 days, and a single variety for 
10 or 12 days. Conditions that are optimum for pollen shedding tend 
to be destructive to its viability. 

In order to gain some idea of the 
single pecan tree, Woodroof (4^) 
counts on a 13-year old Mantura 
shoots on which there were 44,8 


quantity of pollen produced by a 
made detailed observations and 
, tree that had a total of 941 
;85 catkins. These catkins had 
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approximately 14,241,334 antbers that contained an average of 2,064 

S ollen grains each The estimated nnmber of pollen grains produced 
y the tree, therefore, was 29,394,113,376. He points out that hn<l 
it been possible for ojwh pollen grain to pnuhiee a nut, this tree 
woidd have supplied sufficient pollen foi slightly more than 229,000 
tons of nuts 

The viability of pecan pollen \ariea gieatly with varieties, seasonal 
conditions, and other factors. Some ycais a h^h poreentago of the 
pollen is defective, whdo in others it is mostly viable. Woodroof (49) 
stored poUen of 20 varieties under 10 different conditions of tempera- 
ture and humidity and reported that “no temperature and humidity 
condition was found under which pollen could bo stored for longer 
than 96 hours with eertamty of gemimation.” Smith and Romberg (34) 
report that Success pollen from a healthy, vigorous tree, storM at 
laboratory temperatures for 12 days, still gave a set of nuts, but 
that under similor conditions Si-hley pollen remained viable for only 
8 days. 

Under the humid comlitions of Geoigia the nonnal period of stigma 
receptivity of pecans was shown by Wootlroof (49) to bo about 5 
days, but he pointed out that in rainy or cloudy weather the stigmas 
might remain receptive for 10 to 15 days. Smith and Romberg (34, 
35) found that under the relatively dry conditions of Texas this period 
rangwl from 12 to 28 days. All unpollimzed nuts were found to drop 
in 5)i to 6j4 weeks after the last receptive date. 

Walnuts also produce enormous quantities of ixillen. Wood (46) 
workmg with the Persian walnut found that in dry California a single 
catkin produced from 1 to 4 million pollen grams, and that a single 
tree would produce from IK to 40 billion pollen grams in a single 
season. A single stigma lias a surface area of 10 to 50 square niilli- 
moters, yet ho found the average number of pollen grams distributed 
pr square millimeter per 24 hours, when pollen shedding was at its 
height, to be as follows 


Directly under the tioch _ 
60 feet from nearcht tm* 

1.50 feet from nearest tree 
500 feet from noareitt ticc 
1.000 feet from nearest tree. 
^ mile from nearest tree 


8 0 
4 0 
2 0 
1 0 
3 

None 


Woodroof (49) on the other hiuid, found that in humid Georgia, 
pecan pollen was carried in apprcciablo (pnmtitics for a distance of 
3,000 feet, which would indicate tliat pecan pollen is lighter than 
walnut pollen and may be carried considerably farther. 

Individual walnut catkins were found by Wood to shed pollen during 
4 to 6 days, but under conditions of hot, sunny wcatner, such as 
• normally prevails in the interior valleys of California at the time 
walnuts are in bloom, shedding is often limited to 1 day There is a 
rather wide range in the development of the different catkins on the 
same tree, and therefore the pollen-shedding period is much longer 
than the time indicated for a single catkin. Wood (46) found great 
variation in the viability of walnut pollen. Some pollen grains were 
devoid of protoplasmic content, and others that appeared normal failed 
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to germinate The percentages of germinating polltn gram', for differ 
ent varieties varied from 0 to 80 percent the avtrage lieing 23 percent 
Under field conditions the Persian walnut pollen loses its viabihty 
within a few days after being shed from the anthei Artificially it 
mav be preserved best when kept m glass vi ds stopperid with cotton 
and containing a small piece of the catkin to supply moisture to the 
air m the vial When kept in tins maimer and storeil in a cool diy 
place m many instances it remained fit for artificial pollination for 
3 or 4 weeks In other coaes viability was completely lost within 
2 weeks 

Walnut stigmas usually remain receptive for stveral days depend 
ing largely upon weather conditions Wood (46) obtained the bist 
results from the application of pollen when fluid was being secieted 
by the glandular poitions of the stigmatic surfait 

FeRTII IZATION OF 0\llll AND DeXEIOPMENT OF 1 HBKYO 

Among nut producing plants with the exception of the filbert 
pecan pignut and Persian and Manchuiiun walnuts very little is 
knowm regarding pollen tube growth ovule fei tili/ation oi einbiyo 
development Even in the case of the specits studied theie is not 
complete accord in the conclusions leiched by diflerent woil ere and 
such information as is available is fai from complete 

According to Benson (7) the filbert pollen gram girminates by 
developing a short tube which enters the basal legiou of the stigma 
Here the sperm nuclei enter a restuig stage remaming in this condition 
foi 4 to 5 months Duiing this time the megaspoie completes its 
development after which the pollen tube lesumes its p,iowth and the 
fertilization of the egg occurs 

Aciording to both Bilhngs (8) and N C Woodioof ( 0) numerous 
pecan pollen grains germinate on the surf ice and send tubes into the 
stigmatic tissue The tubes do not enter the styhii canal but glow 
downward in the tissue on eich side of the inicropyle and enter the 
ovaiy cavity at a point m irly opposite the chalaza The pollen 
tubes enter the cavity from 6 to 12 hours after pollination but they 
do not enter the emluyo sac until about 2 weeks later The actual 
fusion of the egg and male nuilei probablv occurs about 2 to 3 weeks 
later or from 8 to 9 weeks (2 60) after pollination 1 ho first division 
of the fertilized egg occuis about 2 or 3 weeks latei or about 2 months 
after pollination 

Shuhart (S3) reported that pecan pollmation generally tal es placi 
at the time of the differentiation of the eight nuclei of the embryo sic 
and that fertilization takes place about 2 weeks later Howevei the 
stage of embryo sac development at the tune of pollination varies 
greatly with seasonal conditions and to some extent with the variety 

Langdon(;?0) reports that in the pignut, Httor a glabra (Mill ) Bntton 
the megasporocyte has reached the megaspoie stage or one of the 
early stages m gametophyte development at the time of pollination 
The mterval between pollination and fertilization is fiom 16 to 18 
days, while the first division of the fertdized egg occurs about 3 weeks 
after fertilization or 6 weeks after pollination In the pecan N C 
Woodroof (60) reports the first division of the egg at 8 to 9 weeks 
after pollmation and Shuhart (SS) 3 to 4 weeks 
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Nast (S2) found that tho complcto development fiom the megaspore 
mother cell to the oiie-oellcd embiyo m tho Persian walnut, Juglam 
regia, occurs within 7 to 12 days, depending on the season and climatic 
conditions Fertilization of the ovule w as found to take place 2 to 5 
days after pollination 

In the Manchurian walnut Juqhnt mandshurua it is reported by 
Langdon (20) that the megasporoeytes pass through the difierent 
phases of meiosis within 8 to 4 days and the embryo sacs are m one of 
the earlier stages of niu le ii division at the time of polbnation After 
polbnation from 4 to 5 days are lequired for the pollen tubes to reach 
the embiyo sacs, and fertili/ation of the eggs occurs 1 day later She 
found that the fertilized eggs had not divided 12 days after polbnation 
but in material collected 6 days later oi 17 days after pollination four 
8-celled embiyos were piesent 

Chromosome counts have been made foi a numbti of the nut- 
produemg species and these are given m table 1 m the appendix 

1n« ompatibility 

Except m the almond and the fdbeit, incompatibility, or inability 
of male and female cells to unite and foitn a fertib/cci egg that can 
grow to matunty, has not been delimtcly shown to exist between 
mdmduals within a variety, or between dineient x anoties or between 
species of the same genus of the mit-produc ing plants of the Umted 
States 

Tufts and Pbilp (41) found that at least m certain years all almond 
varieties studied wei o self steiile Of many thousand reciprocal crosses 
made by them, only tho IXL X Nonpareil and Languedoc X Texas 
seemed to show distinc t cvidenc e of me ompatibility or mterstenbty 
The parentage of almond varieties now grown in the Umted States is 
unknown, and it is theiefoie not pobsibu) to determine whether rela- 
tionship IS a factor in this mcompatibihty between vaneties Smee 
these few cases of intei sterility have been dehmtely established, it is 
reasonable to assume that future investigaUons will chsclose further 
instanc es of this kind 

In some c ases chestnut trees, partic ularly of the Amenc an sweet 
spoaes, Castanea dentata, that grow at a distance from others ha\e 
been observed to yield unsatisfactory crops or are unfruitful, although 
produemg staminate and pistillate iloweis buth trees apparentiy 
require cross-polhnation to insure fiuitfulness This is especially true 
on the Paciho slope, where isolated trees that are fruitful are said to be 
rare Stout (37) reports observations made on two chestnut trees 
growing apart from each other at Claremont, Cahf , m which tho trees 
were heavily loaded with burs, but those of one tree contamed only 
shriveled nuts without kernels or embryos, and m the several bushels 
of burs from the other tree there were only about 30 nuts that con- 
tained kernels 

belf-unfruitfulness m the chestnut, especially the American species, 
may be due to either self-mcompatibih^ or to cuchogamy The former 
condition is mchcated by the report of Powell (26) m which he suggests 
that the pistillate flowers are probably pollmated by the stammate 
blossoms produced on long, slender axillary catkins, which blossom 
first, and also by those that are produced at the distal end of the pistil- 
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late catkin and blossom later He also reports lia\ing noticed that 
most of the stigmas of both European and Japanese Naneties are 
receptive while the early stammate floweis are m bloom 

Schuster (S^) found that all vaneties of filbcit invistigated by him 
are practically self incompatible While a planting ot a single vaiioty 
will generally produce a ftw nuts the quantity attaining maturity is 
negligible m propoition to the number of pistillate blossoms Cioss 
mcompatibility was found to exist betiseen a number of \aneties 
As with the almond the parentage of the \ aiicties of filbei t now giown 
is uncertain and therefore no con elation between lelationsliip and 
t rose mcompatibility can be made S< hiister found Du Chilly whii h 
ifa of the species Corylus at ell n a to bo (loss imompatible with 
C columa He also found C e >lun (i to be nonrcceptiv o to pollen of 
eitliei Barcelona oi N ottingham both of wliu h are of the same species 
as Du Chilly Du Chilly and B in eloiia were unfi iitful when polU 
nated with C caMomtca Reed (1) itported that the filbert bleeding 
work of the late J 1 Jones showed that a laige numlier of laiieties 
of the European filbert C avellana were defimkly unfruitful and none 
were found to be fruitful when poUinated with pollen of Rush C 
amencana but the reciprocals of these crosses weie highly frmtful 
Reed {1B7) has reportefi successful pollmation of Rush and Little 
page vaneties of the Amencan ha/tl with pollen of C columa C 
maxima and C heterophylla 

InHERITANCI of CHXKV(nERS 

Most if not all vaneties of the nut pioducing species as they are 
grown m the Umted States are genetically in a complex heteio/ygous 
condition This is due to the fa( t that all vaneties of certain spec les 
are self incompatible, requinng cross pollination in order to set fnuts 
or they are dichogamous to a greater or less dcgiee Thus the nut 
producing species do not lend themseh es to a study of the inhentance 
of characters In most cases several years time must elapse fiom the 
planting of the seed until the resulting seedling produces fruit and 
each plant at the time of fnutmg reciuires a consideiable aiea of land 
which greatly hmits the number oi inchxuduals that can be growm 
under uniform conditions Nexertheless nut improvement through 
breeding by hybndization and selection has tremendous possibilities 
for those wno have the mclmation the time and the facihties to carry 
on the work 

Very httle is known regarding tlie inhentance of characters m any 
of the nut produemg species Some study of hybnds between vane- 
ties has been made m the case of the almond and of hybnds between 
species m the case of the chestnut Smee 1923 the Bureau of Plant 
Industry and the Califorma Agncultural Experiment Station have 
been cooperatmg m an extensive ahnond breeding project Although 
the total number of almond trees grown in tins project has been large 
the number of individuals from any one cross is too small to estabhsli 
defimte genetic ratios with accuracy However many mterestmg 
facts have been recorded The factor for bitterness in the nut appears 
to be present as a recessive m all varieties of sweet almond In mc^t 
instances when two sweet varieties are crossed about three fourths 
of ^e progeny will produce sweet nuts and the rest bitter nuts giving 
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a genetic ratio of 3 1. la some crosses, however, the ratio is appar- 
ently 1 6:1 or 1:1. Other ratios may be found as tlie breeding work 
progresses. The factor for “red spider resistance” seems to be present 
in some varieties and not in others. To date, red spider-resistant 
progenies have resulted only from crosses involving II arriott, Eureka, 
Golden, Nugget, Nonpareil, and Reams. In Jordan the factor for 
hard shell seems to be dominant The desirable factor of heavy bear- 
ing and the undesirable one of double kernels come out strikingly in 
Lewelling. From a practical standpoint the results to date show 
that a prime prerequisite for successful improvement in the almond 
by hybridization includes the discriminating selection of parents that 
possess outstanding characters of merit 

Beginning in 1894 and continuing for many yoai-s. Van Fleet 
grew many cliestnut seedlings from seeds proiluccd by hybridizmg 
Caatanea aeniata, C pumiUi, C aaiim, C. crermta, and varieties of 
these species. Dotailcil records were not kept, but his work showed 
certain thing s of great importance to the chestnut breeder. Hybrids 
between the chinquapin, O pumila, and the Asiatic chestnut, C 
erenata, often produced nuts the second year after planting the seed 
Apparently the habit of C dentata of coming into bearing much later 
ap^ared in hybrids between this species and C erenata or C. satim, 
smee they rarely sot burs until they were 6 to 12 years old. Re- 
sistance to chestnut blight, Endothw paraadka (Murr.) P. J. and 
H. W. Anderson, was found only when the Asiatic chestnut was used 
as a parent, and even then when either C dentata or C aatim was a 
parent the progeny was susceptible The chinquapin is measurably 
resistant to blight, but when it was crossed with C antha or C dentata 
the progeny wm readily susceptible Detlefsen and Ruth (12) made 
studies of various taxonomic characters in three generations of 
chestnut trees resulting from C dentata X C erenata crosses made and 
grown by Geoigo W. Endicott, of Villa Ridge, 111. The striking 
variations shown by the progeny indicate that many factors are 
concerned in the inheritance of the characters observed 

So far as is known, the only eomprehensive attempt made to 
improve the European filbert, Corylvs areUana, by hybridization was 
by C. T. Brixey, of Gervais, Oreg , who grew about 5,000 seedling 
trees, mostly from seeds product by controlled cross-pollination. 
Out of these, only one seemed worthy of propagation. He named 
this Brixnut. Only first-generation seedlings were grown, and no 
effort was made to determine the dominance or recessivenoss of the 
parental characters. Of appro.xim8tely 2,500 controlleil crosses made 
m the East by Reed {27) m 1927 between varieties of this species, 
because of cold injury only about 50 seedlings have survived! No 
study of inheritance has been possible. 

Reed (27) reports that hybrids between Corylua americana and C. 
avellana seem to be much more hardy than the pollen parents and are 
less inclined to sucker, more erect in habit of growth, more vigorous, 
and more easily trained to tree form than are the pistillate parents. 
The foliage of the trees is usually like that of the pollen parents, as 
the leaves are thicker, darker, and stiffer than those of the pistillate 
parents. The size, form, color, thickness of shell, and plumpness and 
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appearance of kernel are much like those of the pollen parent The 
Rush variety, which was principally used as tlie pistillate parent, has 
the h i ghl y undesirable character of not pci nutting tiaining to a single 
stem The great majority of the hybrids yield satisfactonly to the 
siMle-Btem method of traming 

Although hybndization of pecan varieties has been cained on for 
several years by the Bureau of Plant Industry and by pecan giowcis, 
very httle is known about the inlieritante of characters In most 
cases only first-generation hybrids have been grown lioweser, it 
seems that in cases where one of the paients is susceptible to pecan 
scab the progeny aie hkewise susceptible with few if an> exceptions 
Furthermore, the character of a speckled sted coat whuli is char- 
acteristic of the vaiiety Brooks appears m most of the jirogeny in 
which Brooks is one of the parents 

The only study known to the writers of inhcntance of characters 
m the genus Juglan'i is that of Babcock (4), who studied the inherit- 
ance of the peculiar oaklike character of J cahjormia var quercina 
Babcock in progenies from controlled crosses The first-hybnd 
generation seedlings were all typical J cabjorntca trees, and of 18 
second liybnd generation seedlmgb giown, 12 were J rahformea and 
6 were J cahfomica var querctna, or a ratio of 2 1 Ijater back- 
crosses of the first geneiation on gvemna gave approximately 1 1 
segregation (unpublished) Because of a widesprcaa belief that the 
quercina type was the result of natural crosses between J cahfomica 
and Quereus agrrfoha Nic many controlled crosses were attempted 
betw een these species w ithout any fiuit being produced Thus Babcock 
concludes that the vanetv quernna probably oiigmated as n mutation 
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APPENDIX 

TABLb 1 — Number oj somatic chromosomes in certain nut-producing plants 
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C mstui maxima 
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Table 3 — Varieties of nuts of prabaUe value for breeding — Continued 
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Iabl* 3 —Faneiies of nuti of probable tahu for Continued 


Genus species variety 
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AgRICUI TURL 18 above aU thm^ practical and probably few 
people would think of it as concerned with the production of sheer 
beauty Yet Amencan agnciiltiire has $290 000 000 invested m pro 
ducmg beauly, and it pays to theextentof a gross return of $131 000 000 
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planting of flowers around homes and m the planned planting of 
streets, roadways, and parks The large number of flower shows and 
^hibits, rangmg from the small display of a village garden club to 
the huge annual national and mteinational shows, is one evidence of 
this mterest In some of these shows the competition for piizes for 
new or improved strams or seedhnra has become very mtense, es 
pecially amoBg fanciers of one kind of flower, such as the chrysan- 
themum, dahlia, gladiolus, rose, or ms 
These demands of both florists and home growers have been the 
major influence m the development of new and finer types of flowers, 
and each year there are many new mtroductions Undoubtedly chang- 
mg fashions play a large part m this activity, and the florist must be 
constantly on the alert to meet them 

BACKGROUND Oi FLOWFR BREEDING 
la IS likely that our early ancestors 'were too bu^ seeuimg the bare 
necessities of life to pay much attention to plants that had nothing 
but their beauty to recommend them Conscious selection of punly 
decorative plants probably did not begm until some sort of stable 
hvmg conditions had been achieved When early man first began to 
grow flowers, he very likely tiansplanted entue clumps fiom the wild 
to his dooiyard It is only natuial that he should have chosen the 
best for transplanting and thus pricticed the first plimt selection in 
ornamentals As tune went on, the use of flowers and ornamental 
plants played an ever mcrcasing part in his everyday life We loiow 
from the remnants of early art that flowers wcio regarded highly, smee 
so many of them furnished the clucf motif in decoration 
The early records of selections and attempts to breed flowering 
plants are very meager Considerable work had undoubtedly been 
done by the beginning of the eighteenth centuiy The first apparently 
authentic record of hybndizmg flowers however, appeared m 1717, 
when Thomas Foirclmd s cross between a carnation and a sweet 
william was reported This occurred dunng a period when consider- 
able mterest had been aroused by the work of Cameranus, who 
demonstrated the existence of sex m plants 

The species hybrid produced by Fairchild was completely sterile 
and was commo^y referred to as the plant mule The chief mteiest 
of the botamsts of this penod was not so much the production of better 
plants as the accumulation of evidence on sexuality m the plant kmg- 
dom Fairchild’s hybrid, however, received considerable attention 
and was desenbed m 1717 in Bradley s New Improvements m Plantmg 
and Qardenmg, as being neither sweet-wilham nor carnation, but as 
resembhng both equally 

Work of Abiateur and Professional Breeders 
After the existence of sex m plants had been generally accepted, it 
IS probable that countless amateurs earned on some sort of breedmg 
work with flowers The development of many new varieties and 
strains dunng the nineteenth century indicates the wide interest in 
this type of work Even at the present tune many of the new and 
improved types of flowers are bemg produced by amateur breeders 
The work of the amateur is frequently done on a very small scale m 
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a back-yard garden In the numerous organizations mteiested m 
some one flower, such as the American Rose Society, the American 
Ins Society, and others, there are many members engaged in the fas- 
cmatmg hobby of flower breedmg A great deal of this work is never 
heard of, but undoubtedly it has produced many of our present vari- 
eties of such important flowers as ins, gladiolus, dahha, rose, and 
narcissus It mvolves the makmg of many thousands of crosses each 
year m a very wide range of plant material In an article such os 
this. It IS obviously possible to mention the work of only a few amateur 
brewers, and this is done here and there under sections dealing with 
particular plants It is likewise not possible to discuss all the numer- 
ous varieties that have been developed by flower breeders The fol- 
lowmg resume of the number of hsted vaneties of some of the groups 
of the commoner flowers is evidence of the extent of interest m this 


Rose 

Chrysanthemum 

Narcissus 

Tulip 

Sweet pea 

Snapdragon 

Aster 

Dahlia 

Gladiolus 

Ins 


Peony 


15 000 
1 600 
3 000 
8 000 
500 
400 


7 000 
2 500 


4 000 
2 000 


Smee new vaneties are constantly appealing and old ones going 
out of fashion, the data of this tabulation can be accepted omy as 
approximations The ongm of most vaneties of flowers is unknown, 
and it 18 beyond the scope of this article to attempt to mdicate this 
for each kmd of flowermg or ornamental plant, but the named vaneties 
of the plants included m this discussion far exceed m number those 
of our important food plants It is safe to say that the production 
of such a lame number nas been possible only because of the work of 
thousands of amateur breeders, whose mam compensation has been 
the pleasure the work has afforded them 
The contnbutions of the professional breeders, mcludmg nurseiy- 
men, florists, and seedsmen, are likewise very large It is to the 
work of this group that we owe the development of nearly all our 
modem vaneties of such important flowers as the rose, zimua, sweet 
pea, carnation, calendula, aster, snapdragon, larkspur, and nastur- 
tium While it IS true that profit has been a primary factor m this 
work, the professional breeder almost always has an inborn love for 
the plants and flowers that are his stock m trade 
Practically all the large flower-seed growers are carrying on exten- 
sive breeding programs Of the many new flowers or so-called novel- 
ties mtroduced to the public each year, some have arisen as recom- 
binations following chance crosses that occurred m ^e fields m 
previous years, and a very few may be spontaneous mutants, but most 
are the result of selections withm lines that are mixed or not genetically 
pure m their ancestry (fig 2) The opportumty for such sdeotion 
on a large flower-se^ farm is very great It is not unusual, for 
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instance, to see as many as 5 acres of some one flower, with as many as 
430,000 individual plants This moans that the possibility of fandmg 
mre multiple rwessivos is fairly great Here it is not a question of 
following the mhcntanco of one or a few genes The trained geneticist 
has an opportunity to find nearly every combmation of characteis 
that could possibly arise from the material (fig 3) 



Fiffire 2 — Vanation in hollyhock flowers collectcil from a group of plants growing in 
a garden at Dans Calif By selection and by controlling pollinations for several years 
all but the double form could probably be made to bre^ true The double shown 
here is a rather complex form that cannot be bred to come true from seed 

When a new outstandmg type appears m a held it is usually recog- 
nized If it seems dcsirame, a stake is placed beside it and the sera 
18 collected as it matures In recent years the more careful growers 
take measures to protect the selected plant agamst cross-pollination if 
it IS a species not normally self-fertilized (hg 4) As many as several 
thousand such field selections may be made each year on a large 
flower-seed ranch Only the best variants are caincd on, and these 
are usually not mtroduced until they breed fairly true to type While 
undergoing this penod of selection and reselection they are said to be 
‘ m the shop” (fig 6) 

There is no doubt tint the flower varieties of today are a vast 
improvement over those of 15 to 20 years ago Undoubtedly wo owe 
a real debt of gratitude to the amateur and professional bieedeis whose 
efforts have made this possible When it is recalled that most of this 
work has been accomplished without the aid of a back^und of 
knowledge of genetics, the possibdities for the immediate future are 
mdeed bright In many mstances the results could have been 
accomplished m a much shorter period, and frequently a smaller 
population of plants would have sufliced Unfortunately there still 
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exist many erroneous ideas and beliefs among flower breeders. Some 
of these will be discussed later in this article. 

Need for More Scientific Methods 
The accumulation of data and the development of fundamental 
principles in genetics have gone on at a rapid pace during the last 25 
years. As a result there is now available suflicient information prac- 



Fifftre 3 , — A field planting in California of annual larkspur for seed. There are seTeral 
hundred thousand plants in a held of this sue To many the plants would appear 
uniform, but to a trained investigator there would be countless variants os to flowetr 
shape, color shades, plant habit, fohage, and many other characters. (Courtesy 
of Bodger Seeds, Ltd.) 

tically to revolutionize the practices of the average amateur and pro- 
fessional flower breeder. Unfortunately this material is not readily 
accessibly being widely scattered in scientific journals and papers in 
mai^ different languages. 

M!uch of the unfaniiliarity of flower breeders with this mass of 
information is probably due to the fact tliat it has never been called 
to their attention. For instance, geneticists have known for years 
that the common flowering stocks (McUthiola ijicana (L.) R. Br.) were 
limited to a maximum of aoout 56 percent of doubles and that no more 
can be obtained; yet considerable money is being spent by florists 
and seedsmen each year to breed strains that will produce a higher 
proportion. 

No one would think of stepping into an airplane and attempting to 
fly it without some preliminary instruction, yet apparently nearly 
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ETr only requiMto for success m newer breeding is a 

liking for the work If this article seems to bo somewhat moio tech- 
nical than the reader m^ht expect, considering the popular apped of 
Je subject matter it is hocauso the authors hoTicve the fame h5? come 
when those interested m unprovmg floweis must be ready to put some 
eflFort on studymg the basic elements of their science Planned hi eed- 
mg 18 unquestionably a ■ i u i.i 1 1 u 

fairly complex job It . 

does not sit and wait ^ 

for the “breaks” but 
goes out and makes 
them It has its rules 
and prmciples, and he 
who becomes famihni 
with them is well re- 
paid m mcreased effi- 
ciency Some of these 
rules and principle s 
will be discussed m tht 
followmg pages 
Most or the early 
technical investigatois 
who worked with 
dowers wore interested 
mamly m establishing 
fundamental pnnciples 
of mhentnnce Tnis 
explums why, until 
very recently, so few 
vaneties of flowers oi 
ornamentals have been 

produced by teclimcal , ^ , , , , 

wnrlroKa i — A lyiK, of Imb KMiononh protect Be 

+ K hollowing Icrtcd llowtr pldnlB from iroBB pollination A stake is 

® ^ PdlSCOV ei y of driven into the ground close to the plant and a tin or 
Mendel S work m 1900, |,alvam/ed non cylinder open at both ends is placed 
numerous experiments around the base of the plant and stake A long cloth 
WClO earned on to test Ing open at both ends is pulled down over the plant 



the vahdlty of bis 1 IW S and stake tied tiglitly about the metal cylinder, and 
In a goodly sliaio of closedatthelop wnhadr-iHblnng This gives protee 
these, some species of """ '"'^1 

flowering plant was enoughalsofrom wind blown pollen 

used as experimental material As a result thuo was built up a con- 
siderable amount of data on the inhciitniico of many chiiacters in a 
wide lan^ of flowenng plants This has been summuiized and is 
presented m the appendix of this aitick 

Recently the possibihty of pioducmg stioins of flowers resistant to 
diseases has been receiving moio than usu il attention The achieve- 
ments m this fleld with some plants such os wheat, sugoi beets, cabbage, 
etc , have stimulvtcd a desue for similar woik with flowers The 
control of many vii us and fungus diseases of flow ers is very difficult 
and offers a challenge to the plant hi teder The success achieved with 
wilt-resistant asters (fig 6) and rust-iesistant snapdragons is an 


and stake lied tiglilly about the metal cylinder, and 
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indication of the immense possibilities. In this type of work it is 
verv probable that technical workers in public-service institutions wiU 
lead the way. A close cooperation between pathologists and geneti- 
cists will be essential and is now provided in many experiment stations 
and in the United States Department of Agncultuie Work in this 



Fiffire 5. — A Bweet pea ’'workshop” in California. Seed from controlled crosses is 
planted in rows, and when plants are in bloom the breeder takes notes on each lot, 
selecting the most desirable for further breeding Three long bamboo stakes are placed 
to form a tnpod over each selected plant, and if seed is to be saved a little bag is 
numbered and ued to the bamboo support. (Conrtesjr of Ferry-Morse Seed Co.) 

field may become involved in difficulties, such as the sudden appearance 
of other forms of a disease-producing organism that are able to infect 
hitherto resistant plants. These so-called physiological strains of 
fungi are discussed at some length in the section on wheat in the 1936 
Yearbook of Agriculture. They will be mentioned later under the 
discussion of rust resistance in snapdragons. 

There is also a demand for types better suited to certain unfavorable 
environmental conditioiu, suen as winter cold, drought, or intense 
heat. At the present time practically all of the breeding work on 
flowers is restricted to certam sections of the United States and of 
Europe. It is very probable that some genetic material discarded as 
undesirable in one r^on might be extremely valuable if grown under 
a different set of environmental conditions. For instance, too gluing 
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colora would very likely bo less intense in a wanner, sunnier climate 
^ pink of a hot re^on is apt to be about right in a 
cooler habitat. Long, slender, weak stems in a warm section are 
coi^only shorter and sturdier when the plants are grown under 
cooler conditions. ^ 

The effect of length of day on blooming is another very important 
point that is now given scant consideration by the average flower 



Figure 6. — Will-resigUnl and cepuble osiers planted side by side on infested soil. 
The susceptible plants on the right have been practically wiped out by the disease. 

(Courtesy of Dodger Seeds, Ltd.) 

breeder. When plants of a species known to be sensitive to day length 
are selected for blooming at some particular time of year in one lati- 
tude, it should be remembered that in another their behavior in this 
respect is likely to be different. 

The breeding of winter-hardy perennials is just now beginning to 
receive some attention. Here also, results will depend to a considerable 
extent on the location in which the plants are to be grown. Low atmos- 
pheric temperatures are less destructive if there is a heavy blanket of 
snow. This explains why some flowering perennials overwinter nicely 
in Canada, but are frequently winter-kifled in the Ohio Valley. 

A very valuable aid in the breeding of flowers is the rallecting of 
new germ plasm by introducing species and varieties native to other 
parts of the worlrf. This has been done in this country chiefly by 
the Division of Plant Exploration and Introduction, of this Bureau. 
The many botanical gardens in all parts of the world also exchange 
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seeds and plant materials. WhUe some of these introductions are 
rather unattractive as measured by American standards, yet they 
may carry very valuable genes. In many instances these “immi- 
grant genw” can be introduced into some of our own standard 
varieties, giving new and more desirable strains. 

As a result of widespread interest and to stimulate greater effort, 
American seedsmen have established an annual testing of new flowers 
in what are called the “All-American Trials.” New varieties entered 
by seed growers are planted at a number of locations scattered oyer 
the country. A committee of qualified seedsmen in each region 
observes these plantings and rates each now production on its merits. 
Awards are then given for the most outstanding introductions. 
This plan has afforded an excellent stimulus to flower breeding and 
has probably had much to do with the recent expansion of this work 
by seed growers. 


TECHNIQUE OF BREEDING 

The first step in breeding work is the transfer of pollen from the 
anthers to the stigma of a flower. Two types of pollination are 
distinguished, self-pollination, when the pollen is produced by the 
same flower as the seed or by another flower on the same plant; and 
cross-pollination, when the pollen comes from another plant. Self- 
pollination is easily accomplished in most coses by enclosmg the plant 
or its flowers in some sort of cloth cage or paper bag so as to protect 
them from all pollen except their own (fig. 7). &me plants may 
need a pollinating agent, even though they ore fully self-fertile, 
because the pollen of tlie flower is shed oefore its own stigma is recep- 
tive, or because the stigma protrudes up above the anthers, or for 
some other reason. Sometimes such plants merely need to be shaken 
several times each day in order to scatter the pollen in the bug or 
cloth cage. Sometimes the best pollination can be secured by the 
aid of insect visitors, such os flies, bees, or some other species * mtro- 
duced into the cage. 

Frequently, however, there is difficulty in getting certain crosses 
to “take.” Sometimes the pollen grain is unable to germinate on 
the stigma; sometimes it germinates but fails to grow down the style 
to the egg; sometimes it ^ws down the style, but the rate of growth 
is too slow to effect fertilization. Some ingenious devices have been 
used to overcome these difficulties. When the pollen grains refuse 
to start growth, they may be germinated in a very weak sugar solu- 
tion, which is then daubed on the stigma. If the difficulty is due to 
slow rate of growth, the pollen grains may be placed on the stigma 
of a young, unopened flower so that they have the advantage of an 
early start on their journey. If the pollen tubes simply cannot grow 
down the style tissue, however, there seems to be no remedy, though 
the same pollen may function normally on the stigma of another 
closely related plant. 

Some investi^tors have thought that the retardation of growth 
of pollen tubes was a result of some sort of inhibitiim material present 
either in the style or the ovary of the flower. A Japanese scientist. 


> See the article on OHon ImproTement in tbu Yearboi* for a description of this method 
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Yasuda (55S),® became interested in this problem and devised a uniaiiA 
experiment with peti^as. In these flWers There S somrjJlf! 
sterile races. Prehmma^ work indicated that sterility was due to a 
growth of the pollen tubes The same pollen applied to 

sWles from one race 
of petunias to another. 

The reader who is fa- 
miliar with the parts of 
an average petunia will 
readily appreciate his 
difficulties. This very 
delicate operation was 
performed with a fairly 


gluing iie grafted styl^ 



mcluding its stigma, to 
the new ovary with a 
thin laver of gelatine 
It w as thenhelcTin place 
by being tied, with u 
thread taken from a 
spider's web, to a very 
fine wire support fas- 
tened rigidly beside the 
flower. Since Yasuda 
wished to determine the 
source of the material 
that inhibited the 
growth of the pollen 
tubes, he made recip- 
rocal grafts. 

After the wafts had 
“taken”, pollen was ap. 
plied to each stigma. Xjn 
On some stigmas the 
plant’s own pollen was 
applied; on others, pol- Fiffire 7. — Controlled (wllindlions of 8nap<lragon8. 
len from another race Flow*" encloeed m a glawme bag, and each opera- 
In each instance un- «ttach^ tag. (f^m iidgardia, 

grafted styles were used Umver«ty of Cal.fom.a.) 

as checks, some self-pollinated and some crossed. The rate of growth 
of pollen tubes from the plant’s own poUen was more rapid in its own 
styles when they were grafted on ovaries of another race. Yasuda 
thought this indicated that an inhibiting substance might originate 
in the ovary of the flower. Unfortunately, though the rate of pollen- 
tube growtn was given, no statement was made os to whether seed 
was actually set in ovaries with grafted styles. In this work Yasuda 
was interested only in the possible presence of the inhibiting material 
that ca used a slow rate of pollen-tube growth. 

to Literature Citetl See noliee. p »77 


> Italia numbers in parentheses rel 
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This same condition of retardea growth rate of pollen tubes is also 
known m other plants It has been shown m tobacco and a few 
others that a senes of genes actually contiol pollen-tube growth and 
it IS assumed that such genes cause the foimation of these mhibitmg 
matenals 

The umque method of Yasuda may lead to something valuable in 
flower breeding In some cases of cioss polhnation where the pollen 
will not grow m the maternal style it may be possible to secure 
Irjrbnds by grafting a style from the pollen piront to the seed parent 
This, of course, would not woik if the inhibiting cause is a substance 
in the maternal ovary 

Successful cross-polhnation depends to a gieat extent on having a 
thorough knowledge of the structure of the flowei to bo polhnated 
In some mstances it may be so constructed that considerable skill m 
manipulation is ntecssaiy to secure even a low percentage of successful 
crosses 

When a cioss-pollination is to be made it is essenti il that eveiy pie 
caution be taken to safeguard the stigma from all othei pollen In 
general this requires the removal of the anthers bt fore pollen is shed 
In the ease of many members ol the t omposite family, such as man- 
golds, this Is so difficult that another less eertam but fairly efficient 
method is sometimes used It is based on the structure oi the com- 

f iosite floret, in wlueh the style is surrounded by the anthers, winch 
orm a closed circle about it As the stylo glows it pushes up through 
the column of anthers, collectmg pollen as it goes The rate of this 
growth IS so rapid in some composite floweis that the stigma emerges 
from the antheis befoie the pollen li is had time to geimmate If a fine 
stream of water of model ate force is used promptly, the pollen grams 
con frequently be washed from the stigma before they geimmate 
The structuie of some of the eommonei floweis is shown in figures 
8, 9, and 10 In each instance a longitudinal section is shown m order 
to brmg out clearly the floial paits most impoitint in pollination — 
the anther, the stigma, and the ovaiy 
Figure 8 shows some of the floweis in which eontioUed pollmation 
IS most easily eftectetl 

The monung-glory (hg 8, A) is an easy typo of flower to emasculate 
As showm in the drawmg, the style is shghtly longer than the stamens 
Such a style is said to be exserted beyond the anthers Wlien a cross- 
pollmation of monung-glones is to be performed, the anthers are 
remoyed at any time bolore they shed their pollen 

The petunia flower shown in figure 8, C, is veiy similar to the morning- 
glory There are, howeyer, other flower types m petuma that are more 
complex In some of the extreme double types the stamens are greatly 
reduced or ehmmated entirely Such a flower can bo used only as a ma 
temal parent, and crosses are easily made since anthers are not present 


Fiffire a — Structure of (A) morning glory, (B) naglurtium, (C) petuma, (D) glailiol^ 
(F) phlox, (F) camatioii, (G) verbena, and (H) acabioaa to ahow wrangement of the 
parta concerned m polhnation The anthers, atigma, and ovary are laMed ^ », and o, 
and in all inatancea each flower has been »pht open and drawn to ^ the reUtive 
pontion of three parta The technique for pollination of each la diacuaaed ui 
the text 
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In the n^turtmm (fig 8, B) the anthers form a tight cluster about 
PisW ^ They are large and may be easily removed before they shed 


The gladiolus (fig 8, D) has large anthers and a bi anchiiig, plumelike 
Btima Emafcculation is very easily accomplished 

Phlox and verbena (fig 8, and ^ art very similar m stiucture, 
and emasculation is practically identical for both As cm be seen 
from the illustration, the anthers are fastened to the inside of the tube 
formed by the^tals and may be lemoved with the corolla, to which 
they are attached This should be done lust before the small bud 
opens, shortly after coloi has appeared in the foldeil petals A slight 
pull at this time brings off the corolla tube with the anthers and leaves 
the stigma, which may bo pollinated when it is receptive 

The carnations or pinks (fig 8, ^') also have i wide range of fiower 
types Only the single form is mentioned here As can be seen from 
the figure, removal of the anthers is compaiatively simple 
The scabioss (fig 8, J7) is very similar to a composite flowei Here the 
so-called flower is actually a herd of m iny sm ill florets In the figure 
a normal floret and one split open are shown 1 he antheis piotriielo 
so far beyond the stigma that their icmov d is easily accomphsluel 
The scarlet sage (fig 9, A) has a rathei unusual airmgement of its 
anthers As shown m the illustiation, they are helel out fi om the flower 
wall by a bi iceliko an uigement The stigma protrudes beyond them 
The larkspui (fig 9, B) has a laige number ot antlieis, which fit very 
closely about the stigmas of the compound ovary The anthers may 
be removed with little mjury to the flowei, but caution must be 
exercised to gt t them all 

Roses vary fiom the singh to the double form The one shown 
(fig 9, C) IS a double hybrid tt a In emasculatmg, it is always advis- 
able to clip away ns mudi of the petals ns possible This gives ready 
access to the antheis, whuh can then be easily ri moved 
The sweet pea and the peienmal pea aie identic al as far as emasc il- 
lation techmque is concerned The swtit pin flowei is one of the 
most diffiicdt to emasiulate without caubmg mjury The anthers, 
as sliown m the perennial pea (fig 9, D) form a closed column arounil 
Uie greater part of the ovary They thin bianth out and closely sur- 
round the stigma The lemoval of this column of anthers frecj^uently 
mjures the ovary, which is tenclcr and brittle It takes considerable 
practice to become skillful m the operation 

The snapdragon (fig 9, /» ) is very easy to emasculate The anthers 
do not shed pollen until the flower is fairly large They may be 
removed readuy without injury to the flowei 

In figure 10 several members of the composite family are shown 
While all have certain structures in common, there are also some 
differences that probably warrant a few words of explanation In this 
large family of plants, the so-called “flower’* is actually a group of 


Fimat 9 —Structure of (A) K.rlet sage. (B) larkspur, (t) rose, (f>) pereuniaJ pea, and 
(^anapdraiton to ehow arrangement of the parU concerned m polhnaUon The 
anthera, and ovary are labeled o and o, and in all maUncea each flower 1^ 

beeTrolit^m and drawn to »how the relative poaiUon of these three parU Ihe 
techmque for polhnauon of each u docugsed in the text 
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many small flowers called florets, massed closely together m what is 
^metimes call^ a head ’ These florets are of t\^o distinct types 
borne produce both pollen and ovules and are termed perfect flowers, 
others lack anthers for pollen production but ha\ e pi>>tils for ovule 
production, and are called pistillate flowers These sm ill florets may 
also be classified as to the form of the corolla In one type the corolla 
forms an mconspicuous tube surroundmg anthers and style These 
are found m the center of the head and aie called disk florets In the 
second type, called the ray floret, the corolla is modihed mto a con- 
spicuous flat petaUike structure, and extends fur beyond other parts 
The proportion between the two types vanes considerably The 
doubleness of any composite flower is determined by the number of 
ray florets In extremely double flowers m this family, all the florets 
m^ be of the ray type 

The zinma flower (hg 10, A) occurs iii at least four types This 
information, as yet unpublished, was kindly furnished by C F Poole, 
of the Department He is contmuing his work on zinnias, which he 
started wfule a member of the staff of the College of Apiculture of 
the Umversity of California 

The pnmitive or wild type is common in practically all races of 
zinnias It is < ailed ‘ medicine hat” by seedsmen, and is illustrated at 
the top left of figure 10 The flowei head has a single outer low of 
ray flowers, all of which are pistillate The disk flowers are arranged 
in a somewhat pyramidal form and are all perfect To the right of 
the medicme-hat type aie shown a single perfec t flower and one in 
which the corolla tube, which is the petal of the floret, has been split 
to show the antheis and style Diiectly below this is shown a flower 
head of a second type, oxtieraely double Ileie all the florets are 

S istillate (female) and no pollen is found in the entue head A single 
oret 18 shown below it m which the absence of antheis is c onspicuous 
Between these e\ti ernes aie two inteiinechate types One, nioio like 
the mechemo hat, has seveial rows of pistillate florets and fewer per- 
fect flowers The second has a further lecluc tion of peifec t florets 
and more closely resembles the veiw double, purely pistillate flower 
head Flower grower s are interested chiefly in the moi o double types 
These can set seed only if pollinated by some othei tvpe A plant 
bearing only pistillate florets will certainly not set seecf if it is grown 
imder a cage or otherwise isolated from sources of pollen This is 
probably the real explanation for some of the self-stenlity m zinnias 
reports by some seedsmen when single plants were grown under 
cages Sometimes more than one type of flower head is found on a 
plant This condition has not been investigated 

From the above description it wdl be seen that cross-pollmation in 
zmnias may be done without resorting to emasculation If stenhty 
factors are not present it is only necessary to make sure of the source 
of the pollen that reaches the stigmas of pistillate florets In some 


FwHiviO— Structure of (A) «nni«, (B) aBter, (O coBrao*. (D) mangold, and (£) 
daUa to show arrangement of the part* ctmeemed in polbnation 1 he anthers, stigma, 
and ovary are labeled a, *, and o, and m all stance* each flower ^been spht oi^ 
and drawn to show the relative posilion of these thrre partt The technique for 
pollinaUon of each is discussed in the text 
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cases tins may require the cuttmg away of perfect disk flowers, but 
in the purely pistillate double flowers no anthers are present and so no 
prelimmary work is necessary 

As far as could be determined there is no report of any cross-breeding 
m the China aster It is likely that cross pollinations have been made 
by amateurs and seedsmen, but no itcoro of this has been available 
A careful study of aster flower types (fig 10, B) similar to that of the 
zinnia has apparently not been made The aster flower head shown 
in the figure has both pistillate lay florets and perfect disk florets, and 
their proportion is a measure of the doubleness of the flower If there 
IS no complication from stenhty, it should bo fairlv simple to control 
pollination Small, curved, sharp scissors could bo used to c ut out all 
the perfect florets, and the remaimng pistillato ones could then be 
pollinated as desired 

There is also a wide range of flower types in cosmos The one lUus- 
trated (fig 10, (7) is a ‘ single” type All the florets are perfect, so that 
cross-polhnation would here entail emasculation or removal of the 
anthers Cross-pollmation might also be done after using a stream of 
water to wash off all pollen after the two-partod, feathery stigmas have 
pushed their way through tho anthers If removal of the anthers is 
necessary, an exc client tool can bo made by hammci mg flat the head of a 
pin, whic h 18 then bent and insertodin the end of a small wooden handle 
By careful manipulation the coiolla tube with antheis attached can 
be cut away Unless considerable skill is attained, this opeiation 
wiU have a high mortality rate among the flowcis on which it is used 
The mangold flower shown m fi^re 1 0, J), is vciy similai to tho astci 
There is, however, a wide i ango of flowei types in mangold, as m nearly 
all other composites In this flower theie are seveial outer rows of 
pistillate florets, and those in the center disk are all perfect The two 
types of florets are shown below tho flowei head with a perfect floret 
split open at the lower left to show anthers and stigma Cross-poUi- 
nation in this flower is essentially the same as m the aster 

In tho dalilia (fig 10, EJ) there is a range of flower types from the 
ordinary single to the complete double In the single type the flower 
head is practically tho same as the medicine-hat zinma In the outer 
row the florets are pistillate, the disk flowers are perfect From this 
all gradations exist up to tho fully double typo, in which practically all 
the florets are pistillate Smee these pistillate florets do not pioduce 
pollen, few seeds are produced by tho large double-flowered dahlias 
The flower shown hero is an mtermediate double t^e To the left is 
a perfect disk flower as it looks when removed anci spht open to show 

S ’ le, stigma, and anthers Self-stenlity is the rule m garden dahhas 
IS makes crossing very simple, since emasculation is not necessary 
There are several precautions to follow in emasculating all flowers 
The forceps or other tool used should be kept absolutely clean so that 
no pollen is earned from plant to plant This can be done by holding it 
m alcohol for a nunute or so before moving to the next flower It is also 
necessary to keep the emasculated flower protected from any chancepol- 
len This is readily done by covering it with a bag until after the con- 
trolled cross-pollmation hasbeen made and fertilization has taken place 
The time to apply pollen is also sometimes a problem In general, 
it should be done just as soon as the sticky fluid that develops on the 
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stigma makes it appear moist and slimj This fluid holds the pollen 
grams and is nutntue matenal favorable to their germination 

MtTHODS OF Producing Supfkiok Tiem oi FioniKs 
The earliest and most commonly used method for breeding flowers is 
known as mass selection It consists siniph m sn\mg for seed only 
tho best plants of a variety The pro< ediire does not take into at count 
the fact that better plants may be tlie result of eitliei a better environ- 
mentor a superior germ plasm Sinte the seed from all the selected 
plants are mixed together before planting, it is diflicult to evaluate any 
progress made The method also does not differentiate between plants 
that are highly cross-pollinated and those normally self pollinated it 
IS concerned onlj with the seed-bearing (mateinal) parent Most of 
our present flower varieties piobably weie developed in this way 

Mass Si-lection and I inf Hrudinc 

Mass selection does result in a gradual impro\ ement even if some of 
tho selected plants transmit poor germ plasm to tho next generation, 
since the good ones have a betttr chance to be selecteil and in time 
predominate, gradually building up the vanety In this way desirable 
results are often secured, but fiequently many years are iiquirod be- 
fore the effects are noticeable It is not tiue, however, even though 
commonly behoved, that the selection process in itself is rosponsihie 
for the ^adual changing or improvement of a flower There is little 
reason, m the bght of our present information on plant breeding, to 
continue using this method But oven today it is the genei al pi actice 
among many flower breeders 

Following mass selection came so-called line breedmg TToie the 
breeder selected single plants and grew tho seedlings from eac h selec - 
tion separately In this way tho descendants of an individual plant 
could be studied, and the method was soon recogni/cd as a t onsidei able 
improvement over the earher practice It was possible to dotermino 
more readily whether an observed vanation was herechtary (in the 
germ plasm) or simply an envnonmental modification It also dis- 
closed the status of a given charac tenstic m the heredity of a plant 
If all the seedlings possessed tho c liaracteiistic it might be assumed that 
the plant was “pure” or homo/ygous fo. that c Imractenstic and that it 
would be passeci on to all the descendants if some seedlings had it and 
some did not, the plant was heteiozygous or im\ed in its mhentance 

Unfortunately much of the smgle-plant-selectioii work of both ama- 
teur and professional flower breeders is clone with opeii-pollmated 
plants — that is, no provision is made to piotect from cross-polhnation 
with other neaiby plants Of course, if a flower is normally self- 
polhnated, it may not be necessary to have this protection, but there 
are not many flowering plants that are entirely self polhnated The 
outstandmg one supposed to be self-pollinatcd is the sweet pea 
Here the stigma, completely surrounded by a group of anthers, is 
enclosed m that portion of the flower called the keel (fig 9 , Z?) When 
the flower matures the pollen is shed and falls on the stigma, whmh 
normally does not protrude from the petals forming the keel In this 
manner the flower is supposedly protected from aU pollen except its 
own 
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Yet conditions in sweet-pen seed fields make this doubtful If the 
sweet pea is entirely self-polhnated, it should be a simple matter to 
keep varieties pure (homozygous), since they could only acquire new 
genes by way of mutations While the mutation rate m sweet peas 
has not been studied, the very lai^e number of ofltype plants (ropies) 
m sweet-pea seed helds certainly cannot be e\plained on this oasis 
In some instances these rogues are simply the lesult of accidental 
seed mixing, but this is not likely to occur in the case of the more 
careful growers, who keep their stock seeds separate Very fre- 
quently, also, sweet-pea breeders encounter considerable difficulty in 
makmg a strain pure An exammation of several such cases showed 
that many of the flowers were not fully protected from cross-poUma- 
tion, as had been assumed The keel was not fully developed and 
was too short for the pistil and anthers As a result the stigma very 
frequently protruded, even beyond the anthers so that cross-polhna- 
tion could easily have occurred 

There are some flowers in which the single-plant-seleetion method, 
depending on self-polhnation, cannot be used This may be due to 
self-stenlity, as m some lily species, especially most forms of Ldium 
longiflorum Thunb , and in some ins petuma, and Nwoitana species 
Sometimes reasons other than self-stenhty are responsible for failure 
of flowers to set seed •when single plants are isolated The pollen 
may be discharged before the stigma is receptive, or the reverse con- 
dition may occur The structure of the flower may be such that self- 
poUmation is impossible without tlie aid of some agency such as in- 
sects Sometimes, as in species of Lychnu, the plants are either 
male (stammato) or female (pistillate) Such types obviously cannot 
be self-pollinated 

Smgle-plant selection or fine breeding his many advantages over 
mass selections When accompamed with self-pollination it qmckly 
gives strams veiy uniform for habit of giowth and other characters 
All undesirable qualities are disclosed rapidly and may be ehminated 
withm a comparatively few generations Unfortunately, contmued 
self-pollination frequently results m a loss of vigor As a rule this 
weakened condition may be corrected by making cross-polhnations 
between inbred stiains This situation has received considerable 
attention from com breeders and is discussed at some length m the 
1936 Yearbook of Agnculture 

TTybkioization 

A third method of flower breedmg is the makmg of crosses between 

S ilonts to secure new mdividuals that combme desirable quahties 
rom each parent While it is true that many of the early workers 
did cross-pollmate flowers, few reahzed the necessity of canying their 
work bOTond the first hybrid generation, called the Fi In other 
words, if none of the hybrids was desirable, all were discarded 
The rediscovery of Mendel’s work m 1900 demonstrated at once 
the importance of continuing mto subsequent derations Mendel 
showed that when two plants are crossed, each contributes to the 
heredity of the resulting hybnd While ordmanly these contnbu- 
tions are exactly equal in quantity, they may vary qualitatively 
When the two bits of heredity-carrying protoplasm, male and female, 
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are united m one injhvidual, the hybnd, new combinations of char- 
actere become possible m the descendants of this hybnd These new 
combmations may not be seen m the hvbnd, but tliey will appear in 
some plants of the population descending from it 

Unfortunately, Mendel’s basic laws are still unknown to many 
flower brewers Each year many thousands ol hybnd seedhngs arc 
undoubtedly grown and discarded as being infci loi If many of these 
had been earned mto the next generation it is Ukely that some worth- 
while plants would have appeared It is tins second generation, 
commonly called the I*, in which recombinations of parental char- 
acters are found 

In some mstances the hybnd between two flowers is self-stenle 
This commonly occurs when the two parents are from thfferent species 
Although the hybnd seta no seed with its own jpollen some seed may 
often be secured bv crossing it with one or both of its parents This 
IS commonly called backcrossmg A backcross may be macle m both 
directions, that is, the hybnd may be crossed to the mateinal or the 
paternal parent Sometimes a backcross will produce fertile seed 
m onlv one way, and as a rule it is more often successful when the 
hybnd is used os the maternal parent 

The method of improvement by hybndization will undoubtedly 
play an increasing role in flow er breedmg It is the only way by which 
new combmations of desirable germ plasm can be eflected Very 
frequently a vanety may be desirable m many ways, yet have some 
one characteristic that causes it to be unpopular In many cases this 
character can be replaced by a desirable one from some other vanety 
A cross between them will provide an opportunity to combine the 
desirable traits of both parents iii the P* or later generations Some 
of the characters of one paient may be recessives in which case they 
will not be apparent m the hybnd, but they will appear in some 
members of the next generation Here, too, will be found the reeom- 
bmations, that is the new plants produced by combinations of char- 
acters from each paient But suiee the genes or earners of heiedity 
are m the chiomosomes, and all the genes in the same cliromosome 
tend to be inhented together (this is the phenomenon known as 
linkage), we may find undesirable qualities associated with the ones 
we want When this occurs it is necessary to grow populations 
large enough to get a reassortment of the genes or characters, which is 
brought about by what is called crossing-over, or the occasional 
exchange of matenal between chromobomes when the pollen grains 
and ^g cells are being formed 

The backcross procedure mentioned above is probably one of the 
most valuable methods the flower breeder can use, and it should be 
more widely employed by amateurs and profosbionals When two 
plants are crossed, usually the breeder has m mmd some ideal type 
that he hopes to fashion by combmmg many desirable characters 
from one parent with fewer characters of the other When this is 
true, it 18 best as a rule to backcross the hybnd to the more desirable 
parent The resulting offspring may be agam backcrossed one or 
more times and then sdf-poUmated In a few generations the chances 
are that the desired inhentance of the best parent will be piled up 
and by s el ection the desirable characters of the other parent can be 
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retaued so that plants closely approximating the ideal will be secured 
The chief merit of this method is m recovering the quantitative 
characters of one parent from comparatively smdl populations m a 


relatively short time 


Mutations 


In addition to the breedmg methods already discussed, many vari- 
eties of flowers origmate as mutations or sports Mutations may 
anse m the pollen ^ains or m the e^ cells, or tliey may occur m 
cells of the stems, leaves, flowers, or other portions of the plant 
Many of our varieties of roses, carnations, and chrysanthemums have 
appeared in this way Sometimes a side branch hears a flower dif- 
fenng in color or size from the remainder of the parent plant When 
the ^ant can be propagated vogetatively, it is usually a simple mat 
ter to mtroduce the changed form or mutant as a now variety For 
some as yet unknown reason, certam varieties of some flowers are 
especiallv noted for the number of bud sports they have produced 
This 18 particularly true of the Ophelia rose Many of the present- 
day yaneties of giccnhouse carnations arc also mutations of tnis sort 

When a mutation occurs m a sex cell it does not appear imtil the 
next generation If it is a recessive and the parent plant nonnally 
IB cross pollinated it may not show up for several generations It is 
entirely piobablo that some of the new characters that appear m a 
vanety of flowers grown from seed arise as sex cell mutations The 
vast majonty of the so-called ‘ breaks , however, are not mutations 
but simply rtcombinations of already existing characters foUowmg 
cross fertilization (fig 11) 

Since the chromosomes are the earners of the hereditary umts any 
changes in them should have an effect on the plant Such a change 
may effect a rearrangement of the genes m a single chromosome or 
even the loss of some of them Sometimes a whole chromosome is 
lost or an extra one added, or each chromosome is reduplicated so 
that the entire number is doubled Occasionally one may be broken and 
the fragment retained or lost The plant that results from any of these 
changes is likely to be different from one with normal chromosomes 

The doublmg of the chromosome number may occur in several ways 
The sex cells sometimes form with all the chromosomes present rather 
than half the number, wluch is normal for sex colls In othe" mstances 
an ordmary cell in a stem or root may double up its chromosome num- 
ber, and then when this doubled cell divides all its descendants will 
have the doubled number 

A well-known example of the doubhng of the chromosome number 
m stem cells is the case of Pnmvla kevxnais W Wats (Kew primrose), 
as reported by Digby (111) in 1912, and by Newton and Pellew (390) 
m 1929 (fig 12) It is a desirable pnmula, now quite commonly 
grown by many flonsts It oiiginated m this manner A cross was 
made between the species P ^onburda Wall (buttercup primrose) 
and P verixcMata Forsk (Arabian pnmrose) The hybrid was com- 
pletely sterile for many years, when there suddenly appeared on one 
plant a branch that bore large fertile flowers The chromosome num- 
ber of Yioihfimbunda and verticfUlata is 18, and that of the large flow 
ered branch was 36 Undoubtedly this branch arose from a cell that 
had doubled its chromosome number 
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Another mtereeting instance of the origin of n large-flowered plant 
as a result of chromosome doublmg was leportrd in Campanula 
persuytjfoha L (peachlenf bellHower) by Gairdner in 1026 The 
normiu species has 16 
chromosomes, and I 
from it came a seed- | 
ling with 32 chromo- 
somes The doubling 
of the chromosome 
number resulted m a 
considerable mcreose 
m size, and the new 
variety was named 
Telham Beauty 
Quite recently, 

Randolph (4SS), of the 
Bureau of Plant In- 
dustry, m cooperation 
with Cornell Umver- 
sity, has developed a 
method by which 
chromosome numbers 
of com may be dou- 
bled While no report 
has as yet appeared 
concermng its use for 
doublmg chromosome 
numbers of flowers, it 
seems hkely to play 
an important role in 
future flower breeding 
The results are sec ui 
ed by the application 
of heat to the flower 
just after fertilization 
has taken place Tlie 
time between apphea 
tion of pollen to n 
stigma and the actual 
umon of the two sex 
cells IS very variable 
It may require only a 
few hours or it may 

tak e several days horucullural form of foxglove m Hhich th. 

The new cell to form a round, holly hocklie 

by the ^lon of the photograph w.. wnt to the Ben.« author 

two IS the first cell of ^ repreeentmg a poeeible new mutaUon suppoaedly an». 

the young embryo i„gg^ntaneouelym a Imme flower garden It is a 

bi^o iZSly”doos iSt '"u'» 
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period just at or before division that heat is applied. Since the temper- 
ature necessary is verv bkely to be different with different plants, it can 
oe seen that a considerable amount of preliminary investigation will 
method can be used witli certamty. 
there are on record several cases of spontaneous doubling of the 
^romosomes in the one-celled embryo. The one of int^t here 
because the parents, commonly called flowering tobaccos, ere fre- 
. quently found in flower 

garilens, is that of Nico- 
tichiM aiglvia Clausen 
and Goodspeed. Clau- 
sen and Goodspeed (76) 
reported a plant with 
72 chromosomes com- 
ing from a cross between 
N. glutinosa L. with 24 
chromosomes and N. 
tabaeum van. purpurea 
with 48 chromosomes 
AU tlie hybrids should 
have had 36 chromo- 
somes, but this one 
plant had 72. They 
believed that this par- 
ticular F, plant had 
doubled its chromo- 
some number shortly 
after fertilization. 
There is also evidence 
' — ^ of a similar occurrence 

Fiffm 12 — Diagraiiiinalic drawing showing the e£fect tomatoes. In gen- 
of the dolling of the chromosome number in a species doubling 01 the 

hybrid. plant is a cross between (o) the Arabian ohromosome number is 
(b) the butterenp usually accompanied 
increase m tlie 

nwoL onheTiL^**™'?™^'?. “J* represented size of the plant Ond 
nw one of the upper flowers). Suddenly it produced flower ^ 

the lower branch with larger flowers, and this was found PW™ 
to have 36 chromosomes (represented on one of the 

petals). Whereas the hybrid itself was sterile and set ^ “® m 

no seed, the new branch with 36 chromosomes was fertile The modi- 

andtatse^. This fertde side branch was the progemlor hcation may result 
(c) of the well-known Kew primrose (P. kewmsis). from tlie breaking of 

carries. Ihere are many recorded instances of such changes 

<^®7 freakish and abnon^aJ 
plants, but they are also responaibre for many worth-while new 
vmations. Untd rwently these changes were purely chance occur- 
rencM over which the breeder had no control. Recently however 
external agents such m X-rays, radium, ultrawolet light’ 
k^ tii^ some chemicals have been shown to be effective in prSui 
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Artificial Methods of Changing Germ Plasm 

’jltraviolct light for tho production of 
new flower types will probably not become general. Considerable dan- 
pr IS m volved , and the work should be done only by thorougldy trained 
teclmiciap. The actual manner in which these agencies cause the chro- 
mosome to change is not known, 
but the very short rays seem to 
incite rearrangement of genes and 
even chromosome breaking. 

Some of the earlier work show- 
ing the effect of X-rays and ra- 
dium on flowers was ^one by T 
H. Goodspeed (flg. 13) and his 
associate at the Univeraty of 
California. The plants were sev- 
eral species of ornamental tobac- 
cos Both seeds and sex cells 
were exposed to the action of ra^ 
dium and X-rays. In the case 
of ungerminated seeds there fol- 
lowed a very noticeable retard- 
ing of germination, but at matu- 
rity no general effect of X-radia- 
tion of the seeds could bo seen. 

If, however, the seed was germi- 
nating or if tiny seedlings were 

X-rayed, many changes in growth u n r. r 

and form were notic^ ' 


and form were noticwl ^ “ Gootlsijced, profewor of 

ana lorm were noticed direclor. Botanical Garden, 

In another senes of e\perunente Umvereily of California, Berkeley. One of 
by Goodspeed and Ayery the pioneers in the Ube of X-raya and radium 

sex cells were exiioscd to X-rays. to induce muiaiion m plants. 

This was done by X-raying buds 

in which tlie egg mother cells were just beginning to go through tho 
series of divisions that giye rise to the e^ cells or female pmetes 
After this treatment these buds were pollinated with pollen from 


untreated flowers. Now if a change occurred in an egg cell and this 
^g cell was pollinated by normal pollen, the new condition would 
show up at once if it was a dominant. If the new character was 
recessive, however, it would not appear until the next generation 
Following tliis treatment many plants were secured that differed 
markedly wm their sister untroa^ plants. One of these variant 
plants was selected for further study and was self-pollinated. After 
six generations, that is, six cycles “from seed to seed”, seven pure- 
breeding new types and seven not yet fixed have been secured, ^me 
of these new types differ so markedly from their un-X-ray^ sister 
plant that they probably are entirely new varieties, and evp m a fpr 
mstances new species. They differ from one another and from the 
untreated plant in habit of growth, in form of leaf, flower, and capsule, 
and even in the color of leaf and flower. , • 

This series of experiments is remarkable m Mveral respects. It is 
the first to demonstrate the possibility of actually securing fertile new 
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types of flowers by X-raying sex cells. All 14 typos came from a 
single X-rayed egg cell, whicb was pollinated by an untreated pollen 
gram. 

Recently there has appeared another report of effects of X-raying a 
flowering plant. In the laboratory of the General Electric Co. at 
Schenectady, N. Y., Moore (S74) exposed Regal hly bulbs to X-rays. 
Among those so treated, two upon blooming showed an unusual be- 
havior of the anthers. The flowers differed only slightly from the 
normal Regal, hut the anthers did not open and shed their pollen. 
Since the pollen is considered unsightly when scattered on the petals, 
this nonshedding habit is considered by the originator as valuable. 
These plants are easily propagated by divisions of the old bulb so 
that they can be multiplied without recourse to seed and also with the 
certainty they will all be identical, unless there is a reversion to the 
normal. 

Another series of mteresting experiments with X-rays was con- 
ducted by Morgan (377), who exposed seetls, ilower buds, and corms 
of freesios to various dosages. Very little effect was noticed on seed 
and flowers except when exposures were strong and for rather long 
periods. The corms, however, showed decided effects from the r^s. 
The untreated corms produced single plants, while as many as five 
“shoots” were produced by a single X-rayed one. The treated corms 
also started to germinate immediately after plantmg, made more 
rapid progress, and showed curling and twisting of leaves and stems: 
and the flowers were split and deformed. In general, the effect oi 
X-ray treatment in low dosage seemed to be an acceleration in the 
rate of growth and the stimulation into growth of structures that 
otherwise would have remained latent. With increase in intensity of 
the dosage, the acceleration was lost and the rate of growth was even 
retarded. The heaviest dosages killed the corms. 

In another similar series of experiments, tulip bulbs were exposed 
to X-rays by Van Heiiningen and his associates {197) at the Wage- 
ningen station in the Netherlands. In many instances the results 
parallel those with the freesia corms. After moderately strong expo- 
sures, the number of small increase tulip bidbs was slightly more than 
in untreated bulbs. The flowers protfuced by the treated bulbs in 
some coses hod irregular incisions on the petals, quite similar to those 
in the so-called Parrot varieties. 

Not much in the way of practical results has been accomplished 
as yet by using artificid physical methods to induce changes in the 
germ plasm. This is not su^rising, however, when it is remembered 
that dthough earlier sporadic attempts hod been made, less than 10 
years have passed since the present type of research was started. 
Much of the recent and current work of this type with flowers and 
other plants is still in the experimental stage. Enough has been done 
to indicate that plants, and even parts of the same plant, differ in 
response to the same aosoges of rays. This means tnat much pre- 
linunoty work is necessary merely to discover what dosages to use. 
There has also been too great a tendency for some to rush into the 
work while lacking a proper background m genetics and plant breed- 
ing. Instances are known in which seeds or polleii have been X-rayed, 
and when nothing unusual appeared in the resulting plants the entire 
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“ any recessive changes in the germ plasm were 
eff^ted, they might not appear until later generations In this con- 
nection It 18 recwled that Goodspeed contmued ha work into many 
succeeding generations and located numerous definite new typos In 
much of the work also, the number of treated mdividuals is voiy small 
If the frequeuCT rate of valuable changes a but 2 or 3 m 1,000, there 
w^ be little chance of secunng them when only 10 to 20 seeds or 
plants are treateil 


WHAT THr STUDY OF CPUS CONTRIBUTIS 
TO FLOWER BRFEDING 


The tramed breeder likes to know the number of chromosomes in the 
plant with which he is working For one thmg, it determmes the 
number of individual plants he will have to grow to get a desired 
recombination of the characters in which be is mtorest^ Suppose, 
to take a nurely imaginary case, that a certain plant has oblong r^ 
petals The breeder wants to get a hybnd with the red color, but 
does not want the oblong shape Now if this plant has four chrd- 
mosomes m its sex cells, the chances are one in four that these two 
characters are linked — that is, they are m the same chromosome and 
will usually be passed on together in inheritance But if there are 
eight chromosomes the chances are only one in eight that they will 
bo Imked In the latter case he has twice as CTeat a chance of getting 
one character without the other The smaller the number of chro 
mosomes, the greatei the chance of hnkage among any two or more 
characters and the laiger the number of individuars that will have to 
be raised m an attempt to break up the Imkage by crossing-over 
Another pomt of interest to the breeder is the important part that 
chromosome numbers appear to play in the probability of securmg 
fertde crosses between two species When both have the same 
number, the chances for success are mudi greater than when they 
differ There are, however, many instances of hybnds between 
species with different numbers of chromosomes As a lule such 
crosses are more likely to bo successfid when the one with the greater 
number of chromosomes is used as the maternal parent There are, 
however, a few instances where crosses have been successful even 
when the species with fewer chromosomes was the maternal parent 
In addition to the question of hnkage, the chromosome number 
may throw li gh t on other questions For mstance, the lilies com- 
monly have 12 chromosomes m their sex cells, which means that they 
have twice 12 or 24 in their body cells (12 pairs) Now for years the 
so-called Tiger lily {Iilivm hgnnvm Ker) was noted for its persistent 
self-stenhty Recently it has been shown to have 36 chromosomes 
m Its body cells instead of 24—3 of each kind mstead of 2 of eacli 
IfinH * This IS an abnormal condition, but it occurs fairly commonly 
m plants, and it often accompanies or causes stenhty There are also 
plants with four times the basic or sex cell number of chromosomes, 
or five times, or six tunes, and even some plants that retain the basic 
or smgle number in the bmlv cells mstead of doubhng this number, 
which 18 the normal method In some species of plants, different 


< A fertUo tignnum 1 as betn reMited i 
older oommon tana and apparently has . 


,th«r reoently Accord ns to Stout it varies somewhat from the 
I rathSthiS’sa It Is theretore a diploid 
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vanoties run a whole senes of these numbers Thus m the hhes there 
imght be one vanety with 12 chromosomes in the body cells (haploids) 
another with 24 chromosomes (diploids) as shown in figure 14, another 
with 36 (tnploids) , another with 48 (tetraploids) another with 00 
(pentaploids) , another with 72 (hexaploids) Hiuafter, these names 
1^1 be used to mdieate the number of times tlie basic number is 
multiphed m the body cells of the plant 

Variations in Chromosohi- Numbers 

The question now anses as to how the knowledge that the Tiger 
hly IS a tnploid can possibly aid flower breeding To answer that, 
it 18 necessary to gi\ e some prehminary discussion First, it will be 
remembered that normally the sox cells of a plant always contain half 
the number of chromosomes in the body cells This reduction m the 
number of chiomosomes is one of the things that happens when a 
cell gets ready for reproduction Now there are many known tnploids 
in plants, and without exception they are all highly self-stenle, but 
some will set seed when pollinated by a diploid It is probable that 
these tnploids arise in two ways 

(1) A tetraploid type may be polhnatod by a diploid For instance, 
m tile China aster the basic or haploid chromosome number is 9, so 
that a diploid would have 18 chromosomes and a totiaploid 36 in its 
body cells When the reproductive cells are formed, these numbers 
are cut m half the sex cell of the diploid has 9 chromosomes and that 
of the tetraploid 18 Now the two sox colls lom Nme chromosomes 
are added to 18 chromosomes, and the result is 27 chromosomes, or 
a triploid, since 27 is three tunes the basic number 

(2) The male oi the female nucleus of a normal diploid cell may 
fail to reduce its chromosome number m preparmg for reproduction 
In this instance it would keep 18 chromosomes instead of reducing 
the number to 9 When it umted with a normal sex cell having 9 
chromosomes the total would be 18 plus 9, or 27 a tnploid 


Fuaire 14 — Chromosomes »nd (ormsuoa of pollen grams in the Easter hly as s^n 
the m.m»oope (X 350) A. Tim cell that wdl divide twice four pollen 

srauiB The chromosomes are all long fine threads and form a tai^led knot B, After 
the first diviaion is well started the knot has unraveled and the cl^^mes are 
poinne Smee the hly has 24 chromosomes there should be 12 pairs U The dlvwon 
haTmigressed to where 12 pairs of chromo«>nies can be s^n very cl^y D. A httle 
later Mage^ diviaion, in which the chromosomes have become Sorter and thickw 

vmw of the 12 pairs jnat as they are about to separate F Here 12 chromi^mM h^e 
moved to each Sf^I^o «de. of the ceU and the first divmion j. ^ 

12 chromosomes m each group are now oi^amaing new wlls and ^ling ^‘*7 
amSnft/^e are now 12 chromosomes m each dark st^ed nucleus, 

^iSy cent^t’’ U> divide’' 

of 24 Suc^U. are not known to hare given nm 
to any tetraploid hly plant 
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Tetraploid lilies are not known to occur, and it is therefore assumed 
that the tnploid form must have aiisen in the latter fashion— though 
there may have been a tetraploid parent that has not been discovered 
or that has become extinct 

If a tnploid IS not valuable m itself, there is Usually little leason 
for using it m a breeding program As a rule, when it is crossed with 
a diploid, the resulting hybiids are inferior, usually being Iwarf, self- 
sterile forms If their chromosomes aie examined they are found to 
vary m numhei from plant to plant Thus a few successful crosses 
between the Tiger lily and othei lily species ha\e so far given only 
small defoimed seedlings It has already bean noted that the Tiger 
hly has 36 chromosomes, the other species 24 While no evidence is 
available as to the chromosome mimbers in the hybnds, it is very 
probable that some had 24, some 25, 26, 27, etc 

As more and more is accomplished m chromosome studies of floweis, 
it IS likely that we shall find other instances similar to the Tiger lily 
If a valuable tnploid flowcimg plant appt iib and (an he propagated 
by cuttings, it is not essential that it bo feitile and bear seed lor 
instance, a valuable tnploid cai nation, chrysanthemum, rose, nai- 
cissus, 01 geranium could eisily be mcreased by division With suit- 
able (ievelopments in technunio it nught be possible to create othii 
tnploid fonns as fine as the Tigei lily 

OlHEn ClIROMOSOMF PeCULI \R1 TI I- S 

Sometimes a vanety peisists in pioducmg year uftei ytai a miinbei 
of peculiai variant foims Even though it is carefully self-pollmated 
the vanant forms may reappear with great legulanty Such a plant 
cannot bo made to bleed true, and sometimes the situation is the 
result of the stiucture and behavior of its chromosomes Keeping m 
mmd that the chromosomes cany the hercditaiy genes it is not strange 
that those peculianties of inhentance can be traced to abnormalities 
m chromosomes ® Such plantb may show a peculiar behavior of their 
chromosomes when sex cells are formed, as has been conclusively 
demonstrated by cytologists working with the evenmg-pnmrose 

One of these evenmg-primios<», known os Lamarck’s, produces 
several vanant forms yeai after yeai At fust plant breedeis thought 
these were distinct changes in genes m the chromosomes They were 
called mutants and the change m the gene was thoi^ht to have 
happened when the sox cells were formed oi before Careful cyto- 
logical study of chromosomes m the sex cells demonstrated that the 
evenmg-pnmrose chromosomes act very irregularly whde pollen grains 
and egg cells are being formed These irregulanties result m some 
few sex cells receivmg an unusual combination of chromosomes Smee 
chromosomes are the earners of hereditary charactenstics, such 
peculiar sex cells naturally mve use to unusual and unexpected seed- 
lings Unless the sex cells had been examined under the microscope, 
we would have contmued believing that tiie evenmg-pnmrose pro- 
duced a very large number of mutations This mi^t have led us 
into other errors by encouraging the idea that mutations are relatively 
common In fact this behef does exist among many amateur and 

• This statement has some eiceptiona chiefly a few Instances of cytapla->mic Inheritance dependent on 
the oeU material outside the nuclens 
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professional flower breeders It is expressed m the claim of the sudden 
appearance of what are commonly called “breaks”, which follow the 
crossing of two vaneties Thus wo often see it stated m a popular 
aiticle that some new flower oiigmated as a break from the hybnd 
made by crossmg two older varieties It is unquestionable that muta- 
tions do occur now and then, but they are comparatively rare The 
chances are preponderantly m favor of the bieaks actually being 
recombmations of characters that abeady existed in the two parents 

A situation that appeared to be somewhat siimlar to the evenmg- 
pnmrose problem was called to the attention of the senior author of 
this paper several years ago m California The late J H Franl^, of 
the Waller-Franklin Seed Co , told of a peculiar brcedmg behavior m 
annual larkap^ur He had been working for years with a pmk-flowered 
form called Exquisite Pmk The shade of color and the habit of the 
plant were very desirable, and it was popular with florists Unfortu- 
nately he had not been able to get a pure-breeding strain Year after 
year his beat selections produced the same variant forms These 
undesirable types mcluded a white-flowered form, a rose, a blue, a rose 
with blue flecks on the petals, a white with blue flecks, and a purplish 
blue He sent some s^ to the Cahforma Agricultural Experiment 
Station at Davis, wheie it was grown, and the plants were studied 
For 2 years, Exq^uisite Pmk plants were self-pollinated and each tune 
they produced the same variant types The next year microscopic 
slioM were made of the developmg pollen grains, and some of the same 
goneial types of irremilanties were found that occur in the evening- 
piimrose Apparently some stiuctural peculiarities in the chromo- 
somes were causing the difflculties This meant that the Exquisite 
Pmk larkspur could never breeti tiue 'VI hen this was explained to 
Di Franklin, the stiain was discaided New selections weie started 
with other pmk-flowcied foims, and at present theie aie several good 
pmk larkspurs available 

One of the most popular floweis foi both breeding and cytological 
research IS the stock, AfattAiofaincana (L )B Br This plant is umque 
m that it has two distmctive types, the smgle- and double-flowered 
forms, the latter containing no anthers or pistils and makmg no seed 
whatever Reproduction, then, is from seed produced by the single 
flowered plants The growers of stocks, both florists and amateurs, 
are interested almost exclusively in the double forms For some time 
plant geneticists have known that theie are three types of single plants 
One when self-pollmated produces no doubles, the second produces 
a^ut 25 percent of doubles, and the third from 54 to 56 percent 
Obviously the third tvpe is the one to use for seed It is called ever- 
sportmg Decause of the high percentage of doubles it produces 

The pioblem of explaimng the peouhai behavior of the ever-sportmg 
stock attracted many workers One quite logical explanation assumes 
some condition that kills half the ]x>llen grams and approximately 6 to 
8 percent of the egg cells This might be caused by what is called a 
lethal gene locatecTm the same chromosome as the gene for smgleness 
The leu^ gene would have to be recessive smee if it was dominant all 
plants with this gene would die Bemg recessive a plant can carry the 
gene and its normal allelomorph and be able to hve Let us use the 
symbol a for the lethal gene and the symbol A to represent the normal 
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allelomorphic gene that is dominant to o; then all plants of the aa type 
would die, but Aa plants would live. 

Now singleness in these stocks is dominant to doubleness. Single- 
flowered plants may be pure (homozygous) for singleness, or they may 
be hybrid (heterozygous) for this character. A pure Oiomozygous) 
single ^ves only singles when it is self-pollinatecl. A heterozygous 
plant gives 3 singles to 1 double. According to the above theory, the 
third type, the ever-sporting race, should bo hybrid (heterozygous) for 
singleness and for the linked lethal, which would result in 64 to 56 
percent of doubles instead of only 25 percent 

In 1931 Philp and ITuskins U08) published a cytological study on 
ever-sporting stocks that apparently explained the situation.* In 
order to understand their work it is necessary to recall that only one of 
each pair of chromosomes occurs in a sex cell. The pair of chromo- 
somes of which one member carries the gene for doimleness and the 
other member the gene for singleness, therefore, never get into the same 
sex cell ' Philp and Huskins are able to show that ever-sporting single 
plants had one pair of chromosomes that differed from one another in 
appearance, one lacking a small knob on its end. This is very signifi- 
cant when it is remembered that the two chromosomes of a pair 
normally have an identical shape. From their work, they stated that 
the pollen grains getting the chromosome lacking the knob did not 
function. In other words, the absence of the small knob acted as a 
lethal to the pollen pains in which it occurred. 

If only the “double” pollen grains can function, while both “double” 
and “single” eggs are good, it is easy to see how such plants produce 
about half doubles and half singles. The fact that the ratio is not 
exactly 50-50 is explained by assuming that a few e^g cells getting the 
chromosome lacking the knob do not function. This explanation was 
verified to some extj?nt by a study of pollen germinations from pure 
and ever-sporting singles, which showed that germination of ever- 
morting pollen was only about half that of pollen from pure singles 
Evidently alwut half the pollen grains of an ever-sporting single were 
being killed in some manner. 

The entire situation is much clearer if figure 15 is studied At the 
top are shown the seven pairs of chromosomes of a single-flowered 
ever-sporting stock plant. The members of each chromosome pair 
look exactly alike with the exception of the first. One lacks the little 
knob on one end, which cytologists call a satellite. A large S is 
printed before the one that lacks the satellite. This is to represent 
the pne for singleness, which it carries. Its mate Oiomolopie) has a 
small a to represent the gene for doubleness, which is recessive. The 
chromosomes of the eggs and pollen grains produced by this single- 
flowered plant are also shown. They are of two types, 1 and II, and 
half the eggs are of one and half of the other type. This is also true of 
the pollen grains. According to Philp and Huskins, however, only 
those pollen grains with the satellited chromosome function, and all 
the eggs live except about 6 to 8 percent of those lacking a satellite. 
Since only one type of pollen grain lives, there will result just two 
types of plants. They are shown at the lower part of the diagram. 

• This work has recently been qae<itioned by Vestergaard and may need farther Inyestlgatlon 

> This actnally bappijis occasionally, as discussed earlier, when a diploid sex cell is formed 
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One will be single, since it receives the knobless chromosome with the 
single gene, and the other will be double, receiving two double- 
floweri^ («) genes and two satellited chromosomes. Since there are 
not quite so many eggs carrying the large S for single flowers, the result 
is about 54 to 56 percent of doubles and 44 to 46 percent of singles. 
Philp and Huskms report that all doubles examined by them had two 

)’l K u w u '»*» " 
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satelhtes, while nil singles had but one This refers, of course, only 
to the ever-sportmg races. 

Another cytologist. Frost (1S5), working with stocks, has also dem- 
onstrated the value of cytolo^ to flower breeding lie has shown 
that the proportion of double-flowered plants may be increased very 
materially. Among the various types of stocks ho had in his experi- 
mental plot was an ever-sporting form known as Snowflake. In this 
variety lie found a peculiar single-flowered plant that had very narrow 
slender leaves. ^Yhen this plant was self-pollinated it gave about 47 
percent of singles and 53 percent of doubles. About 37 in every 
100 plants had the narrow dender loaves of the parent. Also, these 
plants were veiy weak in growth and had no decorative value. The 
remaining normal plants descended from this narrow-leaved parent 
were found to be about 90 percent of doubles Smee the slender 
leaves are conspicuous even in the seedling stage, the plants having 
them may be discarded at that stage, and among the remaining 
plants Uiere will be only about 10 percent of singles. In order to 
continue this situation, however, it is necessaiy that seed be saved 
only from the slender-leaved types 

The explanation for this interesting condition was worked out by 
making a cytological study of the chromosomes of the slender plants. 
In admtion to the 14 chromosomes expected, these plants showed a 
small cluomosome piece, which cytologists commonly call a fragment. 
These plants, then, had 14-1-1 chromosomes. Evidently this frag- 

138004*— ST 60 
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ment was the part that earned the ^ene for singleness or doubleness 
Since only slender-type plants had this fragment, it was concluded that 
the slender leaves were also caused by its presence Smee a gene for 
singleness was also in the fragment, these two characters, singleness and 
slender leaf, behaved as linked genes do that is, they tended to remain 
together from generation to generation Thus if the slender plants 
are discarded in the seedhng stage it means the removal of most of 
the singles This very umque scheme is not m practice as yet, prob- 
ably because it is not understood by the average flower breeder 
Smee the chromosome number of a plant does ha\e considerable 
importance in breeding 'w ork, a hat of chromosome numbers of some 
of the most common flowers is gi\en in table 1 


Table 1 — Cliromo ome munhin in some of the commoner flmven 



SGML PAST Acini' VI-MhlNlS AND FUfURt POSSIBILITIES 
The fundamental principles of breeding are now fairly well established, 
but the methods of apphcation vary with different plants The 

B breeder who is interested in flowers and ornamental plants is 
with the problem of choosing his material from among many 
hundreds of species It is obviousiy impossible to work with more 
than a small proportion of them As a rule those breeders who have 
accomplished the most have limited themselves to a very few 
In prepanng this article, the authors also were confronted wnth the 
task of choosmg only a few representative species out of many avail 
able In domg this it was realized that much mterestmg and valuable 
work would necessanly be left out To some extent this omission is 
compensated for by the extensive apMndix on research m flower 
breeding at the end of this article lliose especially mterested m 
some flower not mentioned may find it mcluded there 

Amartlus 

Botamcally the name amaryllis should refer to the entire family 
Amarylhdaceae, but horticulturaUy it is used for plants of a smgle 
genus, Hippeastrum, belongmg to this family 
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_A watchmaker named Johnson, of Lancashire, England, is credited 
with havmg produced in 1799 the first hybrid amaryllis recorded in 
the history of this plant. Johnson had a small garden where he fol- 
lowed his hobby of hybridizing plants and produced Hippeastrum 
johmoni Bury, which even by m^em horticidtiiral standards was a 
distinct and outstanding variety. This liybrid is recorded as a cross 
between regf/'/iae Herb andfl wfiott/m Ilerb It has since been used 
a ^eat deal as a parent in the production of other hybrid amarylhs 

It was at the end of the eighteenth century that widespread interest 
begM to be centered on plants of the amaiyllis family. In 1821 
William Herbert pubhshed a treatise on plants included in the amaryl- 
lis family. This was followed in 1837 by his work entitled “Amaryl- 
lidawoe”, which is still considered a valuable record of the amaryllis 
family. In this book Herbert lists under the genus Hippeastrum 
31 “hybrid or mixed crosses” which he had secured or which had been 
produced by others and brought to his attention. 

The family of De Graaff, of Ix'iden, Netherlands, was also greatly 
interested in the amarylhs at the beginmng of the nineteenth century 
and produced hybrids that were of importance at that tune. Fol- 
lowmg closely was the famous Enghsli firm of James Veitch & Sons, 
which introduced two handsome species from the Andes of Peru, 
Hippeastrum pardinum Dombr. and H leopoldi Dombr , which were 
first flowered at Chelsea, England, in 1867 and 1869, respectively. 
From these two species have come many beautiful hybrids. A list 
of those who have made noteworthy contributions to the development 
of the amaiyllis in the last 50 years includes such names as Arthin^n 
Worsley in England, E. H Krelage in the Netherlands, E. L. Holmberg 
of ArMntina, and Henry Nehrling and Theodore L. Mead of the 
United States. 

As is the case with many horticultural plants, botanists find it 
difficult to classify the species and varieties of amarylhs. Because of 
the way plant improvement has developed in ornamental horticulture 
and the lack of records, it is impossible to trace the ancestry of the 
heterogeneous and hybrid varieties of today, 

A. Worsley, writing in the Gardeners’ Chronicle in 1901, stated 
that in his opinion a botanical classification of aU the modern amaryllis 
varieties would divide them into but two species. Hippeastrum mt- 
taium remains fundamentally as it existed 100 years ago, allowing for 
the superiority it has attained through selection and good culture. 
The other species is more difficult to trace because so many of the 
original characters have been lost in breeding. The ^e as it is now 
known has a short, well-expanded, large, substantial flower with wide 
segments and the hairy throat of H. equestre major Herb., the color 
oiH. eqwstre Herb, and H. ruhlum Herb, (rarely of //. avlicum Herb.), 
and the keel markmgs of H. regivae. The colors are now very varied. 
The rarer colors, especially the coppery reds and those nearest white, 
have of late been diligently sought and selected, and hence have 
increased in collections, at tne expense of other colors. 

It is Worsley’s belief that the frequent self-colors that appear in lots 
of seedlings are reversions to some ancestral type, and tnat the first 
parents of all our parti-colored or marked flowers were seifs, and 
mconspicuously colored at that. 
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The confusion m the genealogy of the ntnuryllis goes so far as to 
shadow the parentage of the first retorded hybnd made by Johnson 
This variety is recorded m Mrs Buiy s »oik published in 1831 as the 
progeny of Hippeastrum Jormo<,i<i8inia XtiUatnm According to J G 
Baker’s Handbook of the Amaryllideae, published m 1888, however, 
II 3ohn<ion% v as raised cut of II regime X * ittatvm To Worsloy both 
these suppositions seem untenable, for he has ne\ er been able to hy- 
bridize II xittatum, and further he states tliat 11 johnsonx does not 
bear any losemblanco to H t ittatum I urthei to complicate this matter 
there appear to be two distinctly different plants in the literature, 
both under the name II johnsont Thus dow n through the list of hy- 
brids there are many discrepancus, resulting m confusion m any 
attempts to trace the parentage ol modem amaryllis varieties Pub- 
lished descnptions ficoucntly giving incomplete information have 
sometimes seived further to obscure the genealogw of amaryllis 

Also to bo considered is the question of stenfity in hybrids In 
the past doubtless many excellent but stenle hybrid amarylhs have 
been lost because of an incomplete knowledge of means of vegetative 
propagation Foitimately the work of Ida Luvten m the Nether- 
lan^ in 1926 has clanfied many problems in connection with the 
multiphcation of hulbs by asexual means 

Worsley, who is known as the dean of the amaryllis fraternity, 
stated m 1901 that although his efforts had been directed for many 
years to produemg Ihppea^trum species hybiids, he could not claim 
to have met with success m a single instance lie said that he was 
aware of but three or four undoubted species hybrids — II lolandn- 
florum X johnaom H johmoxn X aolandnflorum, II pardinum X 
rehculatum and possibly II reticvlatum X mttatum These must be 
reduced to two or three if II john'^omvi itself regarded as a species 
hybrid Ho acknowledged that other species hybnds have probably 
been raised and the parentage left m doubt, for such species as H 
eqvestre, II aulxcum, and the rutUium^regtnae group are all good seed 
bearers when self-pollmated or when crossed |with certam hybnd 
forms The fact that such hybnds already have the blood of these 
species, he beheved, accounts foi the ease with which they cross back 
with their purebred relations 

Despite the unceitainty ensliiouding the lineage of many of the 
vaneties of modem amaryllis, breeding and selection have ^ne on 
apace, and each year more mterest is bemg manifested in the develop- 
ment of this flower In 1934 the Amencan Amaryllis Society was 
launched In its constitution its aims are stated as “the promotion 
of sub-order I Amaiylleae, and sub-order II Alstroemeneae, order 
Amarylhdeae ” As part of its activities this organization publishes a 


as well as the coUectmg of mformation from all over the world on the 
breedmg and culture of these plants It wiU contain systematic 
descnptions of new vaneties, which will be of tremendous importance 
both histoncally and as an aid m breeding work m the future 
The Amencan Amarylhs Society is also sponsors national amaryl- 
lis showTS, the first of which was held at Orlando, Ma , m Apnl 1934, 
with 10,000 blooms The vaneties that attracted most attention were 
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those having blossoms of pure white or a refined shade of red The 
display of amaryllis bearing yellow blossoms was not of good quahty, 
and more breetfing and selection are necessary befoie a pure yellow 
blossom can be secured 

In 1935 the second national amaryllis show was held at Montebello, 
Calif The hybnd types of amaryUis exhibited by commoicial plant 
breeders in Cahforma \kore the outstanding feature of this exhibition 
Apparently, stnking, clear colors and largo si/cd blossoms were the 
characters that appealed most to the spectators at this show 

The national amaryllis show was hdd agam in Orlando in 1936 
The varieties of amaryUis of Dutch origin were the outstanding display 
of the exliibition Perfection of form and color wcie the outstanding 
qualities of these vaiieties 

In the Bureau of Plant Industry, breeding and selection work with 
amaryllis have been conducted smee 1909 Tlic aims m this work 
have been to improxe existing types of amaiyllis and to obtain new 
colors, more shades, and a further inciease m the si/e of the flowers, 
and m numbers of flowers me lusters In 1909, 12 varieties of amaryUis 
wore inmorted — Diana, Venus, Sorapis, Progress. Achilles, Cnmson 
Kmg, Vesta, Virgin Queen, Monarch Bac ch is, Adonis, and bcarlct 
King The colors langcd fiom dark led thiough pmk to white with 
red stripes 

The late E M Byints, foimerly supeiinttndent of the Department 
CTeenhoubes, undertook by cross-pollmation to develop new colors 
from the oiigmal floweis In 2 years’ time the plants resultmg from 
the crosses came into flowei Each yoai since 1909 tins process of 
selection and cross pollination has gone on m order to pioduce superior 
yaneties 

One of the. outstandmg varieties of amaryUis developed at the 
Department greenhouses is a pure white one This was first exliibited 
m 1920 Smee that tune this variety has been further unproved 
m size, form, and puiity of color 

Each year an amaryllis exhibiaon is held at the Department 
greenhouses Most mterest at these shows seems to be directed to 
the pure white flowers and those of clear, new colors The larger 
flowers hkewise attract much attention 

The hterature fails to leveal any great amount of work on the 
breeding of ama^Uis on the basis of our present knowledge of genetics 
and cytology The fact that we have a number of supposed cases of 
genenc h^nds m the Amarylhdaceae has created considerable 
mterest, but it remains to be decided m some of these cases whether the 
botamcal classification of genera has been sufficiently rigid and whether 
such hybnds actuaUy are the result of crossmg two distmct genera 

It IS certain that cytogenetic study wiU be the means of elevating 
the breeding of amaryllis to a higher plane and of broadenmg its scope 
One of the first steps in such a plan is to acquire and make chromosome 
studies of as many species as can be secured As a result of these 
studies much can be learned concerning the probable parentage of 
some of our modem varieties .^;ain, cytological and anatomical 
studies may solve problems of apparent stenhty between certain 
species Chromosome studies will be of considerable help m funda- 
mental taxonomic studies of the entire family Amaryllidaceae 
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Because the amaryllis varieties are extremely heterozygous, or 
hybrid, m them genetic make-up, and because they can be propagated 
by vegetative means, it is questionable whether it is worth while to 
breed pure-hne material that is homozyraus The time element must 
be considered, for with the amaryllis it tid-es 2 years from seed to flower 
while m some of the other genera of the Amaryllidaceae the time is 
much longer 

For the next decade it is probable that most new varieties will be 
derived from the hvbnd kmds that now exist However, consider- 
ably more thought and effort will doubtless be directed to careful and 
lystematic breeding as the tools and methods of modem plant breed- 
ing become better known ^ . 

^ Chinx-Asteh 

In populantv the Chma-aster (CaUi<ttephus ehtnensis (L ) Nees) is 
not exceeded by any other cut-flower annual with the mssible ex- 
ception of the earher blooming sweet pea The size, boldness, and 
attractive form of the blooms, and the sturdy stems and free-flowonng 
habit, as well as the diversity of types axailable, contribute to its 
popularity 

A smgm species, native to Chma, is mcluded in the genus CaU%8- 
tephus, yet this has given rise to a range of forms equaled by few of the 
garden flowers of today The family Compositae mcludes this genus 
as well as Aster, the latter with a great diversity of species, and distmct 
from Chma-asters 

A Jesmt missionary, B P d Incarville mtroduced the Cluna-aster 
mto Europe m 1731 The original foim was single, with two to four 
rows of ray florets of red, blue, violet, or white, and numerous yellow 
disk florets The oiiginal stature was medium tall, some 18 to 
24 mches m height The “single chmensis ’ type now offered by 
seedsmen and thought to be the old original aster is a imdseason type, 
flowering toward the end of Aurast Early improvement work was 
concentrated m France and yielded double forms such as the peony- 
flowered type During the first half of the mneteenth century 
German breeders were so active, chiefly with quilled type^ that 
CaUxstephus became known m Amenca as the German aster Double 
forms reached England by 1752, and a vaiiegated blue and white type 
was known m 1807 By 1851 the quilled type, perfected in Germany, 
Was well known, and dwarf types were appearing The Comet type, 
dwarf and compact with lone flat rays and a loose flower head, was 
mtroduced about 1886 The Queen of the Market type, notably 
early flowering with wide-spreading habit and long stems adapted to 
cutting, appeared m the trade about 1886 from France, where it was 
already well known m the Pans markets The Semple stram, taU 
and strong, with stiff steins and lai^ flower heads, was developed 
m Pennsylvama Other tall branching types, emphasizing strong 
flower stems and large size of bloom, have been developed m the Umted 
States for the florists’ cut-flower requirements Recent improvement 
has been accomplished chiefly by seedsmen, althou^ the Wisconsm 
Aj^culturaJ Experiment Station has taken a leading part m the 
development of strains resistant to the fusanum wilt dise^. 

It is generally adnutted that a satisfactory classification of Chma- 
asters, including all the forms offered by seamen today, is imprac- 
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Ucable Bailey m 1895 offered a tentative classification based on 
form of bloom and of florets Beal has offered a more mclusive 
classification, using four classes of plant habit (tall pyramidal, tall 
branching, dwarf, single) with further subihvisioiis based on form of 
flower heads and florets Seedsmen ilso employ the puipose of the 
vanety in making classifications, as floiists cut flower types with 
stiff stems One Amcncan seedsman ofleis nearly 200 vaiieties of 
Chma-asters and a hruropean firm oflcis ovei 500 

Durmg the last decade mcreasmg previlenee of two diseases, wilt 
and yellows, threatened to wipe out the China astei Losses became 
so heavy that florists and home gardeners alike wore turning to other 
flowers for summer and early fiall cutting, and seed sales dropped 
alarmingly Partial control of both diseases has been effected as the 
result of recent research, in which the Wisconsin station has assumed 
a leading role The wdt disease, which is caused by a soil and soed- 
bome fungus of the genus Jfuaanum, has been conquoied by selection 
of strams resistant to infection Yellows, a virus disease spread by 
a species of leaf hopper, may be avoided by grow mg plants under 
special cloth shelters, which exclude the insect earner 

Jones and Riker (274) began selection of wilt lesistant asters m 
1925 Commercial vaneties were giown m ‘ aster sick soil, thor 
oughly contaminated with I'manum as a lesult of repeated aster 
culture No one of the commercial vaneties pioved to be umformly 
resistant to wilt, but resistant individuals appealed among most of 
the types tested Selection was continued m the progeny of resistant 
plants through 1930 Beginning with 1929, extensive testmg and 
selection weie earned out at the Bodger Seed Co faims at LI Monte, 
Calif Earher efforts were concciitiated on several flower colors in 
the Amenean Branching group and on the Heait of hiance vanety, 
but later study has shown that resistant hues are available withm 
other desirable types of asteis such as the Semple, \mencan Beauty, 
Comet, and Royal types Seedsmen now adveitise lesistant asters 
of all major groups except the pompons Commercial resistant 
strains, maintained bv selection each year, aio iiiely 100 percent 
resistant, but rcpiesent a maiked ad vain e omi the unselected vaneties 

In the reports on development and impiovcment of Chma-asters no 
mention of artificial hybiidizatioii has been found Furthermore, the 
genetics of CaUutephus seems to have been wholly ignoied except for 
one record of an apparent mutant defect m the ray floiets of a single 
form All the charactciistics we haxe m Calh’^ieptius today — diverse 
plant form and statuie, divergent foim and color of bloom, varymg 
dates of matunty, resistance and susceptibility to wilt — have evi- 
dently arisen from the old oiigmal type oi the species by spontaneous 
mutation and chance hybridization All that man has done to im- 
prove the astei consists m growing it in immense numbers and in 
saving those si^egates and mutants that have appealed to hun as 
desirSsle 

The complete range of color now ivadable w is obtained years ago 
Improvement since the early days has taken place chiefly m form of 
flower (fig 16) and m plant habit The ordinary procedure consists 
m saving seeds of natuial variants, usually produced without protec- 
tion against crossing w ith neighboring \ nnetics \fter a few years of 




Figure 16 A few of the many forms of asters now ava lable A Mammoth or Gunt 
of Cahfomia B Early or Late Beauty C Un com or Ray D K i g E Ostrich 
Plume F Queen of the Market G American Branch ng H Sunahme I Hohen 
soUem J Victor a K Tres Na ve 


selection the type becomes fixed for the now character with color 
vananta still appearing within it Colors are in turn fixed by further 
selection As an example the Comet type appeared on the market in 
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1886 as a pale pmk fading to white Six years later, rose, blue, and 
pure white Comet typos were offered It is commonly assumed that 
the percentage of natural crossing m asters is low, but Fleming {131) 
estimated that approMmattly 10 percent of natural crossing occurred 
at Summerland, British Columbia In the earlier Wisconsin work on 
wilt resistance, mdividual plant selection was practiced under cages to 
exclude leafhoppers, which also insured a high digree of self-pollination 

Fleming grow the progeny of rogues in rows adjacent to the com- 
mercial strains from which the rogues were denved From the vaiia- 
tion shown by these open-pollinated rogue types in the next generation 
he presents certain tentative conclusions with respect to color domi- 
nance white 13 recessive to all or to most colors , purple is dominant 
to rod, and red to wlute deep pmk is dominant to white 

In future breodmg of the China-asUr the most important single 
characteristic to be souglit is resistance to yellow s The search for a 
yeUows-resistant type is compheated by the fact that affected plants 
develop no viable seed, hence a partially resistant type cannot be 
continued as a line selection hite (544) has noted that the Queen 
of the Market type, although susceptible, appears to be less severely 
injured by the disease than later sorts Development of homozygous, 
or pure, lints by self-pollination will aid matenally in seCTegating 
desirable quahties and will permit genetic analysis of such characters 
as color and habit ^ 

Ganna 

When t annas wore first recogm/ed as suitable for ornamental 
purposes, they were tall leafy plants with comparatively small flowers 
and considerable space between nodes A chronological history show s 
that Canna tndica L was mtroduetd mto England by Gerard m 1696 
In 1762 Lmnaeus listed but three sjiocies Roscoe m 1828 admitted 
21 species Between 1830 and 1850 the yoimger Bouch6, in Berlm, 
estimated the number of species at 82 Between 1840 and 1865 
Ann5e m France developed a race of garden typre from C nepalerma 
Wall with pollen probably from C glauca L 'nus hybnd was called 
G anjuui Aidre Dwarfer cannas vnth larger floweis appeared when 
a cross was mode by Annfie m 1863 of C tnarflora Kuiz and Pav with 
0 warscemczi Dietr 

From this pomt on, the mterest m securing newer and better types 
mcreased rapidly, and there were many horticultural forms developed 
As tastes for beddmg cannas changed, the now varieties entermg mto 
commerce were dwarfer and the flowers larger and of higher quahty 
Because such types had been ongmally developed as a result of the 
work of plantsmen m IVance, the dwarf lands are known as French, or 
Crozy, f-anoRH The latter name is used because many of the supenor 
types were sent out by Crozy and Sisley of Lyons Vilmorm of 
Antibes, Lemome of Nanev, and Maron of Samt-Germam-les-Corbeil 
have all contiibuted to the garden canna as we know it today 

More recent than French cannas are the Itahan or so-called orchid- 
flowered types The latter name is employed because the flowers of 
these new cannas resemble the flower of an expanded Cattleya orchid 
These varieties were first developed m Italy by M Dammann & Co , 
at San Giovanm a’Teduccio, Naples The Itahan vaneties are 
recorded as crosses of Canna jlaecidct Sahsb , a native of the soutnem 
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United States, with garden forms and with C. iridifiwa They show 
improvement in the jQowers, which have soft flowing margins and 
Bu^rior colors of golden vcniulion. 

Durii^ the latter part of the nineteenth century new canna varieties 
were being brought mto the United States in large numbers. In 1893 
"Wintzer {565), of West Grove, Pa., became interested in the develop- 
ment of new varieties, with the object of improving the strain and 
developing new and desirable varieties siutable for “our trying climate.” 

y^ntzer was particularly interested in producing a canna with a clear 
yellow bloom As a result of continued hybridization and selection he 
developed the variety Buttercup. It was rather dwarf, early, and a 
free bloomer, held its flowers well above the foliage, dropped the faded 
ones, and the blossoms endured the sun without bleaching. Another 
^uahty that Wintzer attempted to develop in cannas was the produc- 
tion of rootstocks that would store well during long winters. He 
develop^ two pink-flowered varieties, Martha Washington and Betsy 
Boss, with small, hard rootstocks, a type resistant to decay in storage. 
Some of Wintzer’s best varieties, including the white Mont Blanc, 
have resulted from using seedlings that were of no merit commercially 
but carried characters that he wished to introduce into the progeny. 
It is possible that in another decade the breeding of new canna vanetios 
will be again stimulated and advanced by new practices and techniques 

The varieties of ornamental cannas offered m the trade today repre- 
sent types that show great improvement over the original botanical 
species. There was a time about the beginning of the twentieth 
century when cannas were much in demand for the extensive bedding 
work that was then the mode in public parks, cemeteries, and other 
landscaped areas In an effort to produce new forms and colors, 
gardeners year after year hybridized plants with desirable character- 
istics. In the last 20 years the popularity of bedding plants has 
waned, and consequently, many of the canna varieties have been lost. 
This makes a reconstruction of the lineage of the remaining varieties 
more difficult because many of the intermediate types between the 
true species and the modem complex hybrids have disappeared. 

Even earlier, as a result of the mixing of species duo to hy oridization, 
there was considerable confurion in regard to the classification of 
canna varieties and the parentage of the varieties then in the trade. 
J. O. Baker, in England, writing in the Gardeners’ Chronicle in 1893, 
concluded from a study of the caima literature from every available 
source, that the least conservative estimate could not give the genus 
Canna more than 16 species, although 90 had been listed previously. 
Granting that this confusion existed nearly a half century ago, activi- 
ties of the last 60 years have done little more with canna classification 
than to aggravate the situation 

In recent years the canna has received attention in the technical 
fidd of cytogenetics. Honi^ (jllS) in the Netherlands, Bellnw {^) 
in the United States, and Tokugawa and Kuwada {613) in Japan 
have made contributions to the studies of inheritance in the canna. 
The work of these men contributes knowledge of practical nature, 
which can be adapted to the development of superior varieties of 
cannas for ornamental pu^oses. These studies have pointed out the 
advantages and shortcomings of triploid varieties in the canna, a type 
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which is desirable as an ornamental but usually not suitable for further 
breeding work More details of the nature of triploid plants can be 
found in the paragraphs devoted to genetics earlier in this article. 

BeUipg (45) in 1921 studied the nehavior of homologous chromo- 
some in a triploid canna. This variety he secured under the name 
Gladiator. To the horticulturist it was a noteworthy varieW, for it 
was sterile and the flowers, instead of sotting seeds, dropped auer they 
had matured and gave way to new blossoms. The production of seeds 
in ordinary fertile, diploid cannas is a detriment to continued flowering. 

In nearly all cosra tnploid varieties are partially or totalfy 
sterile and thus often incapable of hybridization. In the post much 
time and labor have been expended in fruitless attempts to cross 
ornamental plants where one or both of the desired parents used were 
sterile and incapable of contributing to the production of hybrids. 
The work of BcUmg on cannas points out limitations and also oppor- 
tunities in future breeding work with this plant 

Fortmiately for the horticultunst, the canna is readily propagated 
v^etatively; consequently plants with stcnle flowere, if worthy of 
perpetuation, can be increased in this way Belling did find, however, 
that most of the 46 clones of cannas that he investigated had the diploid 
number of chromosomes, which is nine pairs m somatic cells. It 
would be from vaneties of cannas with the normal nine pairs of 
chromosomes that high mterfertility could be expected in connection 
with the development of new varieties. 

Honing, working in the Netherlands, has published a series of papers 
since 1914, all concerned with technics genetical studies of the canna. 
He has reported on the inheritance of pigment in stems, leaves, and 
fruit papmae of Canna indica. As a result of crossing C. indica with 
C. glauca he obtained a single hybrid plant that in subsequent gen- 
erations gave progeny that differ^ widely among diifercnt sowings for 
the factors of red leaf margins, wax layers on the leaves, and the 
number and color of staminodes. He also made a genic analysis of 
the inheritance of flower and leaf characters in the cross mentioned 
above. 

At the Tokugawa Biological Institute, Tokyo, Japan, cytological 
studies were made on some garden varieties of cannas by Yoshichika 
Tokugawa and Yoshinan Kuwada. A report of their work was 
publ^ed ill the Japanese Journal of Botany in 1924. It included a 
study of the chromosome number of various varieties of garden cannas. 
They found that there were either 18 (diploid) or 27 (triploid) chromo- 
somes in the vaneties coming under their observation. 

Those cytological studies in Japan also pomted out that the process 
of meiosis in canna is generally of somewhat abnormal tendency both 
in the diploid and tri^oid varieties. This abnormality of division is 
possibly the cause of some sterihty, which is well recognized in certain 
pfliuift varieties. Finally the work of Tokugawa and Kuwada showed 
conclusively that the tnploid cannas are larger than the diploids with 
respect to the stomata openings of the leaves, the size of the cells of 
the epidermis of the staminodia, the thickness of the leaves, and 
lastly, the size of the entire flowers. It was also noted that the 
staminodia of the triploid plants not only are larger than those of the 
diploid plants but also present a desirable dehcate wavy appearance 
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in their surface. While this Japanese paper is a technical treatise, it 
serves as a valuable addition to the knowleilgo that a practical breeder 
of cannas must have to carry on his work effectively. 

Carnation 

The carnation (Dianthus raryopAy/f«sL.) is one of the oldest flowers 
still under cultivation. It was first mentioned and described in 300 
B. C. ly a Greek philosopher, Theophrastus. The origmal type was a 
single flower with five petals, measuring about I inch in diameter and 
of a pinkish-mauve color. It grew wild over much of Europe, and it 
still existed in Normandy as late as 1874. 

In England, during the reign of Queen Elizabeth, William Tumor 
published an extensive description of this flower. By this time the 
double form had made its appearance and already existed in a wide 
range of colors Just when or how the double form arose will probably 
remain an unsolved mysteiy. The flower was very popular in Eng- 
land, and early in the eighteenth century it was used in a successful 
cross with sweet-william. Most of the early selection work was 
done by English amateurs, who rapidly developed a wide range of 
forms and colors. They w ere interested both in the outdoor garden 
typos and in the large, double-flowered varieties of the florists. In 
this article the discussion deals almost entirely with the latter type, 
which is now one of the most important flowers grown under glass in 
this countiy. 

The flonsts’ carnation occurs m three distinct forms, the single, 
the double, and the superdouble, or bullhead. The second type includes 
all the commercial varieties. The bullheads are so extremely double 
that the calyx splits hadly as the flower e.xpands. The first published 
report that throw some light on the question of inheritance of double- 
ness appeared as an abstract in the 1904 ProcoodinM of the American 
Society for Horticultural Science. At that time Norton (396), of the 
Department of Agriculture, told of some experiments he was carrying 
on in the breeding of carnations. He reported that from tho seed of 
individual capsules he secured aU three types of carnation flowers. 
From one there were 6 doubles (bullheads), 15 semidoubles (commer- 
cials), and 7 singles; from another 74 doubles, 147 semidoubles, and 
62 singles. These proportions are approximately 1 to 2 to 1, and they 
agree fully with what is expected in the progeny from a hybrid when 
one of the two genes affecting the same character is not fully domi- 
nant to the other At that tune Norton suggested that the practical 
florist should cross the single with the extreme double type and thus 
secure a greater proportion of intermediate true florists' types. The 
common practice, which still persists, was to cross two commercial 
double varieties, and always a large proportion of resulting seedlings 
were singles and bullheads. 

In 1907, at tho meeting of the American Breeders’ Association, 
Norton (397) reported that several crosses between singles and extreme 
doubles, made in 1905-06, yielded 250 seedlings, which were, with 
one exception, commercial doubles. Since no protection from outside 
pollen was used, the one single seedling may have been an outcross. 
It was pointed out that single and veiy double seedlings were 
usually ^carded no matter how desirable their other characters 
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^ght be. By pollinating a good single with the pollen of an extreme 
double that has some new desirable quahty, a complete series of 
standard double seedlmgs can be secured, some of which may show 
the new character. 

In 1912 Stuart (498) presented a more comprehensive pubhcation 
on this question. The breeding work, begun at the Vermont Agri- 
cultural JiiXperiment Station, was completed at the Arlmgton Experi- 
ment Farm, Arli^ton, Va., after Stuart joined the staff of the Depart- 
ment. The earlier work of Norton was confirmed and the following 
facts established: When a single was crossed with a single, all the 
hybrids wore singles; a single crossed with a commercial double gave 
about 1 single to 1 commercial, but when crossed with a bullhe^ it 
gave practically all commercial doubles; when 2 commercial doubles 
were crossed they gave about 1 single to 3 doubles Unfortunately 
the doubles in Stuart’s report were not classified as to bullheads and 
commercial types 

The results were analyzed 08 follows- (1) The commercial carnation 
as ^wn by flonsts is an unfixed hybrid from a cross between a single 
and superdouble; (2) the bullhead type is mcompletely dominant to 
the single, and the hybrid resultmg from crossing them is the inter- 
mediate or so-called commercial double. 

Unfortunately, the development of superior double eamations is 
not so simple as the preceding account seems to indicate. Frequently 
the investigator is hampered by having abnormal plants appear in 
his progenies, from which verv little or no seed can be secured. Ac- 
cordmg to Connors (81) and his associates, who earned on carnation 
breeding at the New Jersey Agncultural ISxperiment Station for 15 
years, there are many types of carnations with respect to the relative 
development of pistils and stamens. These types include plants 
bearing male flowers only, plants with all stamens transformed into 
petals, and asexual types m which pistils and stamens are rudimen- 
tary and nonfunctional It was possible to further subdivide these 
groups so that 1 0 typos in all are recogmzed 

In spite of the many difficulties and the meager information on 
inheritance m the carnation, a very large number of choice varieties 
have originated as seedlings. Many flonsts have devoted considerable 
space and time to this work. One of the loaders was Ward, who 
devoted considerable time to the production of better florist types 
and presented his observations on carnation breeding (53S). At 
that time he stated that in raismg varieties from hybnd seed very 
few improvements are produced He estimated that only about 1 
in 1,000 seedlings had any merit, and probably but 1 in 5,000 or 
10,000 was a decided advance. He lUso felt that even this lovr fre- 
quency would decrease rather than increase because of the higher 
standard that was set from year to year. 

The list of seedling varieties is constantly changing as old ones are 
replaced by newer and better types. It has been the practice of many 
cominorcial growers to try out a small number of some of the new 
ones each year. It may happen that one from New England is verv 
inferior in the Colorado secUon, and one from Colorado may lack 
quality in Illinois. This hM demons jatited, in this country, that it is 
necessary to develop varieties for a given locality. 



934 


YEARBOOK, 1937 


Many carnation varieties originate as bud sports. It is a relatively 
simple matter to propagate these if desirable. These sudden changes 
may affect any part of the plant, ^metimes the leaves are broadOT, 
or deeper or lighter green, or the plant is dwarfer, more compact, or 
taller. The flower may be modified as to color, size, length of stem, 
or structure of petals Since the flower is of primary importance, 
bud sports are most likely to be noticed when floral characters are 
involved. 

Unfortunately there is no authentic evidence on the frequency of 
bud sports in carnations. Isolated observations in various sections of 
the county seemed to indicate, however, that they might occur at 
a rather high rate. Unquestionably many of the best of our current 
varieties arose in that way. As a result growers have become accus- 
tomed to keeping a careful watch over their benches during the growii^ 
season. Since, under the stress of commercial operations, there p 
always the possibility of mechanical mixture of rooted cuttings, it is 
impossible to ^ve an accurate account of the situation. 

There are a number of carnation disease problems in the solution 
of wHch the plant breeder should be useful. Two of these diseases, 
carnation rust (Uromycea car^phyUinua (Schrank) Wint.) and stem 
rot (Cortidum vagutn B. and C ) may at times become very trouble- 
some. Varieties resistant to these diseases, provided they were also 
of high quality, would be very acceptable There is some evidence 
that resistance to rust already exists in some of the better commercial 
varieties. In 1932, a test of 36 varieties was made at the Waltham 
Field Station, in Massachusetts, and they were grouped for rust 
resistance as very susceptible, moderately susceptible, slightly 
susceptible, and resistant. The standards for grading resistance were 
not stated, nor wore the severity and uniformity of the infection given. 

The problem of color inheritance has received very little attention 
as yet. The highly heterozygous conditions of the carnation and 
the very frequent functional stenlities encountered have discouraged 
research along these lines. As facihties for flower breeding are in- 
creased, it is likely that some attention will be given to these problems. 

The condition known as carnation splitting is another problem that 
should receive more attention from the flower breeder. It was 
studied by Connors, who stated that it was caused by two conditions — 
the formation of an unusually large number of petals through trans- 
formation of stamens and pistils, and the development and growth 
of secondary buds within the flower. 

As early as 1903, Ward had assumed that splitting was entirely 
hereditary, and he advised the selection of seedlings that produced 
flowers with an unsplit calyx. Later,^ Connors stated that the ex- 
perience of the New Jersey station indicated splittii^ was influenced 
by both hereditary and environmental factors. It is needless to say 
that a good* nonsplitting variety would be a valuable contribution. 

Since there is a rather definite r^onal adaptation of varieties, it 
seems that a sound carnation breeding program should include 
facilities for testing all seedlings in as many different locations as 
possible. When the work is carried on at only one location, there is 
loss from discarding seedlings that might prove very valuable in 
another region. 



FLOJFERS 


935 


Chrysanthemum 

The culture of improved forms of chrysanthemums antedates the 
beginning of the Christian era by several centuries Apparently 
they are native to China, and are mentioned in Chinese literature as 
early as 600 B C The Japanese grew them extensively at an early 
period mid did considerable work in developing improved types. A 
form with 16 petals was chosen as the flower emblem of the Emperor. 
In both China and Japan, single-stemmec! varieties were generally 
grown long before the plant was introduced into western Europe. 

The eoniest record of chrysanthemums in Europe is of an im- 
portation in 1688 It seems strange that this attractive flower was 
not knoivn to Europeans at an earlier period The following year 
several varieties wore reported as being grown in the Nethenands, 
but for some unlmown reason they soon passed out of cultivation. 

It was not until 1764 that chrysanthemums made their appearance 
in England They soon became popular, and additional varieties 
were imported from China in 1789 During the following 20 years, 
eight new types were introduced from China 

.^1 the early varieties introduced into Europe wore brought in as 
living plants The first attempts to grow seedlings were not made 
until about 1827 At this time a Frenchman, M Bemet, flowered 
several fine seedlings from seed he found in withered flower heads the 
previous autumn Following this it is very probable that many 
amateurs began to grow seedlings, but unfortunately we have no 
records of any now developments. 

In 1846 Robert Fortune brought two small-flowered varieties from 
China and introduced them into English gardens. They were not 
well received by the English, but when sent to France they soon 
became rather popular and were used extensively in hybridizing. It 
seems probable they were the progenitors of our modem small- 
flowered varieties. 

The early history of chrysanthemums in the United States is rather 
obscure According to the 1828 catalog of WUliam Prince, they were 
introduced into Hoboken by John Stevens in 1798. The plants 
were probably a dark purple form, which had reached Europe from 
China in 1790. In 1826 the Prince’s Nursery hsted 26 varieties, 
and by 1835, according to Hovey’s Amoncan Gardener’s Magazine 
and Register, 60 distinct varieties were available in this country. 

There is no record of the origin of any of these early chrysanthe- 
mums. Propagation by cuttings was very simple, and strams were 
perpetuated m this way. Undoubtedly this was a strong factor in 
retarding breeding. The fact that so tew different types existed in 
this country in 1835 is an indication that very little actual improve- 
ment by breeding had been attempted 

One of the earliest breeders in this countiy was Robert Kilvington, 
of Philadelphia, who exhibited a new seedhng named William Penn 
before the Pennsylvania Horticultural Society in 1841. It was a 
large white double flower, almost globular in shape It seems strange 
that this did not immediately stimulate more work, but no other 
contributions appeared for some time. About 1850 Samuel Brookes, 
of Chicago, became very much interested in chysanthemums and did 
considerable work to stimulate interest in the flower. 
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A general interest in chrysanthemums was slow to develop in this 
country. In 1844 an impressive display was made of many of the 
available varieties at the fall show of the Massachusetts Horticultural 
Society. Two years later there was a large exhibit before the Penn- 
sylvania Horticultural Society, where the chrysanthemum was 
described as the coming flower A special chrysanthemum show was 
not held, however, until 1868 At pioseiit thei-e are many chrysan- 
themum exhibits each year 

Previous to 1860, chrysanthemums were not grown as greenhouse 
plants. About this time a few varieties were tried under glass, and 
development of special florists’ types was soon under way. The 
development of this brunch of the florists’ business soon extended the 
blooming period and made it possible to market the large showy types 
that were being uitroduced from Japan About 1883, Hosea Waterer 
imported about 50 varieties from Japan Shortly following this, a 
large white variety appeared that was so attraetive it is saicT to have 
been sold for a fabulous sum Tliis variety was sent to Mr. and 
Mrs. Alpheus Hardy by an appreciative fnend in Japan It was 
named Mrs. Alpheus Hardy and undoubtedly W'as one of the stimulat- 
ing influences that led to a quickening of interest in chrysanthemum 
breeding in this country ^me of the successful breeders of this 

K ‘ id were T H Spaulding, E Fewkes, Pitcher & Manda, V H. 

ock, W. C. Pyfer, E. G Hill, and F Dqnier & Son. By 1894, 
there were listed 163 varieties of American origin 
In the latter years of tlie past century, one of the most prolific of 
modem chrysanthemum breeders, Elmer D Smithj of Adrian, Mich., 
began his work He had introduced 445 new varieties by 1928, and 
many others have been added since that time. Other American 
breeders who contributed many new chrysanthemums during this 
period are E. M. and J W Byrnes and F L. Mulford, of the Depart- 
ment of Agriculture. More recent entrants in the work have been 
V. R. De Petris, of Detroit, !^ch., and Alex Gumming, Jr , of Bristol, 
Conn , who has specialized with outdoor chrysanthemums. 

The efforts of these breeders have been mainly to develop green- 
house or so-called forcing chrysanthemums. A program to develop 
hardy outdoor types has been under way in the Department for some 
time. 'The work was started by growing outdoors as extensive a col- 
lection of varieties as possible, andsecuring data on their time of bloom 
and winter hardiness. The work was carried on at first at the Arling- 
ton Experiment Farm, but in recent years certain selections have been 
sent to various cooperating State experiment stations for ti^. By 
selecting each year the earlier flowenng types and growing seedlings 
from them, races have been developed that bloom as early as July m 
the vicinity of Washii^ton, D. C. (fig. 17). The earliest strains are 
followed successively by others untu heavy frosts kill the plants. 
The work has demonstrated very clearly that time of bloom is actually 
a hereditary trait transmitted uom parents to seedlings. 

The problems involved in chiysanthemum breeding are to some 
extent very similar to those faced by the rose breeder. The histo]^ of 
the early chrysanthemum varieties is not known, but it seems likely 
that most of them arose as mutations or bud sports from other varie- 
ties. While there are no data on this point, the evidence aU points in 
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that direction. ^ far ^ can be determined, little or no breodine 
work WM attempt^ m China or Japan, and all varieties were main- 
tamed bv the rootu^ of cuttings. If a new color or other bud sport 
append, It was simply increased U cuttings and soon became 
Mtabhshed. Had the Japanese and Cfhineso been growing seedlings 
there would certainly have been many more varieties available in 



Station, lieltsville, Md., where hardy early-blooming varieties are being developed 
Already a wide range of types and colors have been developed, and the blooming date 
continues from late July to killmg frosts. Tn the background are cages built over 8 
plants to protect them from cross-pollination. 

those countries when the flower was first brought to Europe. This 
point is strikingly confirmed by the fact that Smith was able to 
develop over 450 new seedling varieties in a little over 30 years. Some 
of these may have been bud sports, but by far the laiger number 
were seedlings. 

The keeping of parentage records has been fairly thoroughly done 
by some breeders. Since the modem chrysanthemum is really of 
rather recent origin, and probably does not involve a veiy complex 
mixture of species, such records should have some value. If they all 
were available it seems veiy likely they would show that certam 

{ larents produce morp good seedlings than others. While there is 
ittle or no scientific data on the inheritance of plant characters in 
chrysanthemums, breeders have learned through experience that cer- 
tain varieties are likely to transmit their flower color. The variety 
Harvard, for example, usually produces red seedlings in crosses, and 
Thanksgiving Knk transmits its pink color. These observations seem 

188804 '—ST 60 
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to indicate a probable dominance of these colors over other shades, and 
also that these varieties may be pure for their respective colors. 

One of the greatest difficiiltics encountered by the chrysanthemum 
breeder is the failiu-e of many fine varieties to set much seed. In some 
instances this may be due to an actual sterility, but it is generally the 
result of the extreme doubleness of the flower Not much can be 
done about this unless a single can be fouml, which when crossed with 
a double gives all double scedlmgs. Under such conditions, all 
crosses could be made with the single as maternal parent. 

The production of bud sports or mutations has also played a rather 
important role in the development of the chrysanthemum. The 
mutation tendency is undoubtedly b^her in some varieties than in 
others. In the absence of any scientinc data we are forced to rely on 
general observations as to the frequency of such changes According 
to some growers, the sport of a variety very frequently reverts to the 

S arent type. The mutations that have been observed are mostly 
ower color changes. Very probably there are others affecting foliage 
and other characters. 

The possible causes underlying the sudden appearances of bud 
sports are mentioned in another section of tliis article. If more were 
Imown about them we might be able to produce controlled mutations 
in greater numbers. If they result from some environmental influence, 
then varieties of chrysantnenium must differ markedly in their re- 
^nse to it, because some varieties mutate more readily than others. 
Tliis indicates an inherent mutation tendency. In other words, 
chrysanthemums may have some rather unstable characters and may 
mutate under certain environmental conditions. 

Dahlia 

Francisco Hernandez, physician to Philip II of Spain, was sent on 
an expedition to New Spain (Mexico) in 1570. The purpose of this 
journey into the New World was to study the natural history of this 
intriguing land to the westward After Hernandez returned to Spain 
he publisned in 1G15 four books on the plants and animals of Mexico. 
In one of these books he described tlirw types of plants which nearly 
200 years later were to be called dahlias To these three plants he 
gave the Aztec names acocoth, cocoxochitl, and acocoxochitl, which 
mean, respectively, “water pipe”, “hollow-stem flower”, and “water- 
pipe flower”, the allusion being to the hollow stems of the plants. 

Friim Hernandez’s writings it is apparent that the Aztecs had 
worked on the improvement of these plants, for this report indicates 
that they varied in color, form, and d^ree of doubleness. The illus- 
trations he published show that somewhat double dahlia flowers existed 
in Mexico m the sixteenth century. 

Vitalis Mascardi in 1651 published a work in Rome in which there 
is an illustration of a double-flowered dahlia, i^ain, in 1787, a 
Frenchman, Nicholas Joseph Thiery de MenonviUe, searching in 
North America for the valued cochineal bug, described dahlias, grow- 
ing in a garden near Oaxaca, which had large asterlike flowers, stems 
as tall as a man, and leaves like those of an elder tree. 

It was not until after 1789, however, that the Old World awakened 
to the possibilities of the dahlia as an ornamental plant. In this year 
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Vincente Cervantes, d^ector of the Meidcan Botanic Gardens, sent 
to the Royal Gardens in Madrid seed of dahlias from Mexico which 
were destmed to play a tremendous part in the development of the 
superior typra of mrden dahlias as we know them today. It was to 
Anbe Cavanilles, director of the Royal Gardens, that these seed were 
sent, and from them were produced flowers of brilliant hues typical 
of the dahlias to be found growing in Mexico. 

Cavanilles named this plant, which was practically unknown in 
Europe, Dahlia, after Andreas Dahl, an eminent Swedish botanist 
living in Berlin, who had been a pupil of the CTeat Linnaeus Among 
the plants that Cavanilles received from Mexico he recognized two 
spTOies, Dahim ptnnata C&v. and D cocanfa Cav. The former, 
which showed great variation in its progeny, has since been called 
D. variabUia Desf. and D roaea Cav., but according to the rules of 
botanical nomenclature the name D. jnnTiata must stand D cocdnea 
does not cross readily with other species, and its flower color is confined 
to scarlet and shades of orange 

At the time Cavanilles received the shipment of dahlias from Mexico 
a great deal of interest was being manifested by botanists and plants- 
men of Europe in plants from the New World Within a few years 
seeds of the dahlia were sent to a number of botanic and private gar- 
dens in Europe In 1798 seeds were sent to Kew Gardens in England, 
but apparently plants from the seeds died before they reached matur- 
ity. ay 1803 an English plantsman had flowered Dahlia coccinea, 
for in Curtis’ Botanical Magazme of 1804 appeared a colored figure 
with the statement, “Our drawing was taken in June 1803 at Mrs. 
Fraser’s, of Sloane-Square, who has the credit of introducing this orna- 
mental plant among us from France ” 

From 1804 to 1806, shortly after Alexander von Humboldt sent seed 
from Mexico to Paris and Berhn, a phenomenal increase in the number 
of dalilia vaneties occurred Withm 12 years nearly every color 
that we have today had appeared in the flowers In 1806 the Berlin 
Botanic Gardens had growing 55 single and semidouble varieties. 
Twoyears later the first perfect double dahlia was raised by Hartw^ 
at Knrlsruhe, and the year following a variety with single white 
flowers was developed. 

By about 1810 the daliha became exceedingly popular and growejps 
sought assiduously to improve and create better double flowers within 
the genus. Both in the British Isles and on the Continent new forms, 
showing doubleness and brilhant colors, were developed. In the 
Botanical Magazine for 1817 an illustration revealed a rose-colored 
ditMin. that originate in France and showed the form of the decorative 
dahlia as the type is now known. 

From 1810 to 1850 interest in the dahlia increased tremendously. 
The ease with which hybrid seed could be secured, because of rela- 
tively self-sterile flowers, the short time required to produce new 
varieties, and the extreme variation secured both in sizes and colors 
of the flowers all contributed to the populanty of this new plant. Of 
particular interest in revealing the quahty of dahlia varieties of that 
time is The Annual Dahlia R^ter for 1836. This contams particu- 
lars of the introduction of the dahlia into England and, most impor- 
tant. has as illustrations upward of 50 highly colored figures of dis- 
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similar dahlias. It also contains an index of 700 varieties of the dahlia 
that were recopiized as such at that time. The illustrations in this 
lx)ok show double flowers exclusively, all with a colorful array of petals 
in venr dense, round heads, arrange veiy geometrically. It was this 
stiff, formal, double flower that \\as so popular m the nrst half of the 
nineteenth century, and the type in which interest waned to a marked 
d^ee in Europe shortly afterward. 

Seed of the modest dahlias that had been sent abroad from North 
America were returned to their Jiative shores and yielded plants 
with flowers of an endless array of color patterns and degrees of 
doubleness. In the United States the craze for new dahlia varieties 
was nearly as acute as it was in Europe, and likewise, interest in the 
stiff, formal flower b^an to wane about 1860. 

The first National Dahlia Society was organized in Great Britain in 
1870, and about that time the dimmutive pompon type of dahlia was 
developed, but those two events did not serve to recreate any great 
amount of interest in varieties then existing. 

About 1864, however, an event happened that brought renewed 
interest in the dahlia through the discovery of a species with char- 
acters far different from and superior in many w^s to those in the 
dahlia vanoties known at that time. One M. J. T. Berg, of the 
Netherlands, received a collection of plants from Mexico. Included 
in this shipment was one dahlia root with just suifleient reserve food 
remaining within it to send im one shoot. In the fall this shoot pro- 
duced a brilliant, blood-red flower of a shape never before recorded. 
The quilled petals, typical of the dahlia of that time, were lacking, and 
in their places were petals that were recurved , with pointed ends. The 
plant was tall and sturdy and carried its flower well al^ve the foliage 

This now dahlia was given the name Dahlia juarezii Hort. in honor 
of the then President of Mexico. It received the name “cactus 
dahlia’’ because of its resemblance in form and color to the blossoms 
of a cactus. This plant was to play an important part in the develop- 
ment of superior vaneties and to become the progenitor of two new 
classes of dahlias, now collectively referred to as the cactus and 
hybrid-cactus types. The secies reached England and was first 
illustrated in the Gardeners’ (mronicle in 1879. 

All efforts to trace the origin of this new dahlia failed until 1916, 
when Wilson Popenoe discovered the probable ancestral home of 
DaMia puaredi in Guatemala. The primitive species he found there 
has a smgle row of ei^ht long, spreading, crimson rays turning back- 
ward along the margm. This species was named D. popenovi, and 
it is believed to be one of the ancestors of D. jvarezii. 

It was fortimate that Dahlia jvaresii was discovered, for in the 
latter part of the nineteenth centu^ there was, both in the United 
States and abroad, a reaction against formalism in all arts. The 
stiff formal dahlia flowers that had been the rage for the past half 
century were outmoded. ^ This served as a challenge to the breeders 
of damias, and, havii^ in their possession a new species of dahlia 
exhibiting characters that were in demand, they began to breed new 
varieties to suit the public’s fancy. 

This activity went on for a number of years, and the progeny 
resulting from crosses with the new-found Dahlia juarezii created 
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great interest, partieularlv at dahlia exluhitions. The very fact that 
the flowers were (lisi)Iayc(f mostly at flower shows, however, ultimately 
created still another problem for the plant breeder. Interest had 
boon centered chiefly in new and superior blossoms, wliile the structure 
of the plant upon which these flowers were borne was neglected. 
Consequently tl>o new varieties possessed very w'eak stems and wore 
suitable only for cut-flower exhibition purposes As interest in 
outdoor displays developed, breeders were faced with the task of 
incroasmg plant vigor to reach parity witli the excellence of flower 
quality. 

Within the last 20 years much has been accomplished in securing 
superior varieties of dahlias. V'^aiieties having weak short stems have 
gradually been supplanted by more vigorous types, and breeding has 
reached a high level The niimboi of iiametl varieties now existing 
13 well over 7,(M)0, for in 1924 J. B S. Norton published a book entitled 
“Seven Thousand Dahlias in Cultivation”, and the number has been 
added to greatly since that time. 

Many dahlia societies have been organizetl in both the United States 
and hhirope wvd these have stimulated interest in the improvement of 
dahlia varieties In the Uniteil States the American Dahlia Society 
has functioned for two decades. One of its outstanding activities is 
the publication of a ipiarterly bulletin dealing with all aspects of the 
culture and breeding of the dahlia This organuation also stimulates 
interest in the dcwelopment of superior varieties by conducting flower 
cxliibitions and trial gardens where new varieties are grown, eval- 
uated, and exhibited. 

These developments have led to considerable confusion in attempts 
to classify, especially for e.xhibition purposes, the various garden types 
now e.xis'ting. In an effort to simplify the classiflcation of the host of 
new varieties that have been developed, the American Dahlia Society 
had adopted a classification based on the form and size of the flower. 
Fourteen ela,sses are provided for the systematic arrangement of all 
the various types of dahlia flowers A number of these classes are 
subdivided accoi ding to the size of the flower. 

Otlier countries also have their classifications for dahlias. A CTcat 
deal of pioneer work in this direction was performed by the Koyal 
Ilorticultiiial Society and the National Dahlia Society in Great 
Britain. . , . , 

Worthy of special comment in considenng the development of 
superior dahlia vaneties are the trial grounds where now varieties are 
grown, studied, and evaluated. The American Dahlia Society has 
such a garden in cooperation wdth the Connecticut State College at 
Storrs. Each year a field day is held at the trial grounds, when new 
varieties are inspected and evaluated. Competent judges pass on the 
merits of each new variety, and thus the value of new kinds can be 
impartially reported to those interested in dahlias. Other trial 
grounds are conducted by State and regional dahlia organizations, 
these plots permit the study of the same variety under vaned climatic 

and other environmental factora. , , , ^ ^ . 

Scientific research has revealed in the dahlia an mtei^tmg story of 
the inheritance of color. In the comparatively new field of cytogenet- 
ics, investigations conducted by Lawrence (310, 311), curator, the John 
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Innes Horticultural Institution, Merton, England, are noteworthy 
This work indicates how the lineage of dalilia species and varieties can 
be studied by modem scientific methods. Lawrence foxmd that the 
colors in all available dahlia species fall into one of two color groups: 
(1) Pale to deep magentaover ivory-white ground color, and (2) orange 
ta scarlet over yellow ^ound color One important exception Law- 
rence noted was that m the so-o.alled species Dahlia pinnata, more 
popularly known as D variabilis, W’hich is considered the somce of 
most of the garden varieties, the flower color is made up of a combi- 
nation of both of these color groups. Furthermore, through cy tological 
studies, he found that this same plant has 64 chromosomes in the 
vegetative cells, or twice the number usually found in species of the 
dalilia. These two facts indicated that D pinnata is itself a hybrid 
Such work, besides aiding the taxonomist in systematizing dahlia 
nomenclature, is of value to plant breeders in their efforts to produce 
superior varieties of plants 

Lawrence’s work also dispelled the widespread erroneous belief that 
the extreme variation of Dahlia pmnala showed the degree to which 
a species could vary following domestication. This extreme variation 
was shown to result from the complex genetic make-up of a hybrid 
which combined various specific characters brought together during 
the descent of the genua Dahlia from a primeval stock This coupled 
with multiplication^ of chromosome numbers probably accounts for 
the present variability of the stock. 

The dahlia, like many other perennial ornamental plants, is readily 
propagated vegetatively. As a consequence it is not i 
develop lines that are pure or homozygous, as is necessary with plants 
propagated from seed, in order to perpetuate the same characters in 
sub^quent generations. Ease of vegetative projiagation of the dahlia 
is particularly fortunate because its self-sterility enforces cross- 
pollination, thereby maintaining a high degree of lybridity in the 
genus and making pure-line breeding laborious and difficult. Despite 
these complications, however, the development of reasonably pure- 
breeding stocks may have to be undertaken in the future by plant 
breeders, not so much in order to produce dahlias of superior orna- 
mental value as to develop types resistant to or immune from plant 


The superior varieties of gladioli grown today have been developed 
largely through work that began scarcely more than a century ago. 
It may be assumed from ancient writings that the Greeks and Romans 
made use of native gladiolus species for ornamentation, and it is certain 
that there were species of the gladiolus, known as Come Ilags, in 
Britain as early as 1597, when they were recognized as important 
garden plants by Gerarde. But it was not until 226 years later that 
the first importwt hybrid gladiolus was produced 
Interest m Europe was at first limi^ to the species native to 
southern Europe, Asia, and Persia. They numbered but 15 and were 
never very popular with gardeners. Early in the seventeenth century 
the development of these species came to a standstiU. It was more than 
a century later, when new species first started coming in from southern 
Africa, that renewed interest was gradually stimulated in the gladiolus. 
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In tho ciglitocnth century botanists and explorers became increas- 
ingly aware of the now species of plants to be found around the Cape 
region of Africa, but it was not until the close of that century, when 
the Capo of Good Hope became subject to Great Britain, that large 
importations to Europe were received William Herbert, dean of 
Manchester, seems to have been one of the first to recognize the value 
of the Capo species of gladioli, for in 1820 he wrote- 

I am iicrsiiartcd tliat the African Gladioli will liecomc great favorites with 
florists, when their licauty in the oiien border, the facility of their culture, and the 
endless variety which may lie produced from seed by lilending the several species 
are fully known, nor will they lie found to \ield in lieauty to tlie Tulip and 
Ranunculus 

Dean Herbert, besides contributing valuable information to horti- 
cultural literature, was also an enthusiastic cultivator of gladioli and 
was regarded as an authority on Cape bulbs. He carried on consid- 
erable nybridization with the species of gladioli and recorded in the 
horticultural literature a la^e number of his successful crosses. 

During Dean Herbert’s time the first important hybrid appeared at 
Colville’s Nurwry, Chelsea, England, in 1823. It was derived from 
Gladiolus tristis L. var. conealor, with O. cardinalis Curt, as the pollen 
parent. Tliis now variety was given the Latin name Gladiolus colvUlei 
Sweet and wjm known commonly as Colville’s com flag. It was de- 
scribed as being tall and vigorous with flowers of bright scarlet with 
lanceolate blotches of white on the three lower petals There are to- 
day several named varieties persisting in the tr^e that came directly 
from this outstanding hybrid. In the United States they are generally 
l^wn under glass in the East but will grow out of doors successfully 
m the milder climates along the west coast 

Fifteen years later the second important hybrid, which was named 
Gladiolus ramosus Faxt.j was produced in France. It was first 
flowered by M. Kifkogel m 1838. Records indicate that this hybrid 
resulted from a cross between hybrids of O. cardinalis and Q. oppositi- 
floras Herb. It boro a tall flower spike with heavy brood leaves. 
’The flower was openly funnel-shaped and bri^t red with deep blotches 
at the bases of the three lower s^ments. The fact that it bloomed 
later than other varieties of its time made it important for at least the 
next 20 years. 

Until 1841 there was a mild yet increasing interest in gladioli, par- 
ticularly among amateurs, but that year a variety was introduced that 
caused the greatest stimulation ever evidenced in the history of gladi- 
olus breeding. M. Beddinghaus, gardener to the Duke of Areinberg, 
had been breeding gladioli for a number of years, secuiiim for this 
work as many species as were then available. Louis van Houtte, of 
Ghent, Bdgiuni, realizing the potentialities of one of M. Beddinghaus' 
productions, immediately purchased the stock, and in 1841 Gladiolus 
gandavensis Van Houtte was introduced to the world. Houtte 

named this gladiolus after the city of Ghent and described it in glowing 
terms as bearing majestic flowers, numbering 18 to 20, of the most 
charming vermmon, the inferior petals adorned with chrome, ama- 
ranth, and brown. For a long time there was considerable controversy 
concerning the parentage of 0. gandavensis. It is novr aci^pted that 
this new variety resulted from a cross between G. psittacinus Hook. 
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and 6 . opposiiiflorua or between hybrids from these species. Napo- 
leon III heard of this varied, which had “created a furor in the 
gladiolus world”, and some of the plants came into the possession of 
Souchet, gardener to the Emperor at the court of Fontainebleau. 
Souchet, using 0 gandavensis as one of the parents, developed many 
new hybrids, which in time were the talk of Europe. 

In England Dean Herbert kept in close touch with new gladiolus 
varieties and continued the pioneer work he had started, using new 
species and varieties in his breeding work as they became available. 
Representing the trade in England, James Kelway, the founder of the 
Langport firm, was alert to the rapid development of the gladiolus and 
secured hybrids from Souchet in France to develop them further and 
make them available for sale in England. 

Queen Victoria’s visit to Fontainebleau in 1866 is reputed to have 
stimulated a tremendous interest in the gladiolus, for she saw and 
greatly admired the new varieties developed by Souchet and exhibited 
by Napoleon III. By 1880 over 2,000 named varieties had been 
developed that showed characters derived from Gladiolus gandavensis. 

Victor Lemoine was greatly interested in the development of new 
gladiolus varieties and the next race of hybrids of considerable im- 
portance resulted from his work at Nancy, France, around 1880. 
Crossing Gladiolus gandavensis with G. purpureo-auraius Hook.j which 
was introduced in 1872, he obtained a race called Q. lemoinei Hort. 
These varieties were characterized by their large flowers and the 
prominent blotches in the throat of the florets. 

Meanwhile Max Leichtlin, of Baden-Baden, Germany, crossed 
’ s gandavensis with G. saundersii Hook, f., which h^ been in- 
troduced from the Cape in 1870, and G. leichilinii Baker was pro- 
duced. This stock was ultimately purchased and imimrted by John 
Lewis Childs, of Long Island, N. Y., ^d renamed 0. childsii. W. Van 
Fleet crossed a variety of G. chUdsii with G. cruentus Moore and se- 
cured, among many others, his famous variety Princeps. The pur- 
^eo-aur^us-gandavensis hybrids developed by Lemoine were crossed 
by him with G. saundersii and a new race called G. nanceianus Hort. 
resulted, which was characterized by plants having remarkably large, 
open flowers with contrasting color mottlings in the throats. 

Gladiolus primulinus Baker has been the most recent introduction 
to greatly mfluence the development of gladiolus varieties. This 
spedes was found in the Rain Forest near Victoria Falls on the Zam- 
bezi River in Africa. It was successfully introduced and flowered at 
Eew Gardens, England, in 1890. Since then it has played an im- 

E srt^t role in m^ifymg gladiolus flower form and color. French, 
nglish, and American plant breeders have all taken part in develop- 
ing new varieties with some of the characters of Q. primulinus. The 
most outstanding characters it transmits are a light and graceful 
flower stem, a more or less pronounced hooding of the flowers, and a 
subduing of brilliant hues to soft pleasing colors. In turn the progeny 
from Q. primulinus have been improved by increased flower size and 
more vigor in the flower stem. 

Noteworthy also are the ruflled gladioli, which have been developed 
in the United States bv A. E. Kunderd, at Goshen, Ind., starting about 
1907. Later he also developed a strain having fringed and laaniated 
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segments, which has created much interest. Foremost among the 
Canadian pioneers in the development of the gladiolus was the late 
H. H. Groff, of Simcoe, Ontano. About the end of the nineteenth 
cent^ he had developed a strain called Groff’s hybrids, which were 
considered noteworthj'^, particularly because of the wide range of color 
they possessed 

At the present time there are many amateurs and professional and 
commercial growers deeply interested in the breeding of new and 
superior vaneties of gladioli in the United States The American 
Gladiolus Society, orgamzed in 1910, did a great deal to encourage the 
production of new and finer varieties, as well as to straighten out 
nomenclature. It publishes a monthly, the Gladiolus Heview, in 
which registrations of new gladiolus varieties are included This organi- 
zation sponsors affiliated State and regional societies and conducts an 
annual ^adiolusshow where new varieties are e.xhibited and evaluated. 

Governmental agencies have also contributed to the development of 
the gladiolus. Particularly noteworthy is a series of publications dur- 
ing the last 20 years from the New York State College of Agriculture, 
Cornell University, by A C Beal, A. C. Ilottcs, and A. M. S. Pridham 
of that institution on the development of superioi varieties of gladioli. 
At Cornell University there is a teat garden in which most of the 
available species and varieties of gladiolus have been grown and 
studied. likewise, at the New York Botamcal Gardens a collection 
of gladiolus species is maintained. 

Recently a technical paper has appeared written by Bamford (jfO), 
of the Maryland Agncultural Experiment Station, who collected many 
gladiolus species and varieties and made detailed chromosome counts. 
His work greatly expands similar studies on the same subject by M. 
Emst-Schwarzenbach (1931) in France and by McLean (S26) in the 
United States. Such cytolo^cal studies are of great help to the genet- 
icist in his attempts to classify material and breed superior varieties. 

This brief discussion serves to direct attention to the great com- 
plexity of the inheritance of modern gladiolus varieties Original 
species have been combmed and hybnds have been crossed and 
recrossed until the resulting multiple hybnds possess characters derived 
from many Cerent species. Superior characters have been combined 
and vaneties have been selected covering a wide range of usefulness, 
from the req^uirements of the florist who forces plants imder green- 
house conditions to those of the amateur flower lover who demands 
a wide range of color and fonn for flowerii^ through the summer. 

How much more can be accomplished in the development of the 
gladiolus is a matter of speculation. When it is realized, however, 
that less than a score of the more than 150 known species have 
been used to any extent in the development of over 2,500 varieties of 
gladiolus in commerce at the present time, it seems probable that 
present and future plant breeders can still draw from the remaining 
species to give to ^e world even more desirable gladioli than we now 

Hemerocalus (Dayuly) 

The dayliUes had not received much attention from breeders until 
the last decade of the past century. Previous to this a few species 
had been grown in Europe. They were first mentioned by Pena and 
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Lobel in 1570, when these authors dcscnbed what is probably the 
common Lemon daylily. A few years later Lobel descnbed a second 
species with single cinnabar-red flowers. These two were apparently 
the only ones known in Europe for the next 200 years. Unfortunately 
little is known of the situation in China and Japan before the nine- 
teenth centuiT. 

In 1768 a third type was mentioned in Europe, but its exact origin 
is unknown. It was regarded by some as being a minor variety of one 
of the two older established types About 1798 another new type 
appeared, this time imported from the Orient into England. No new 
ones were introduced until about 1934, wlien a semidwarf form was 
brought in from Japan. In 1856 another semidwarf appeared, and 
this was followed in 1860 to 1864 by double-flowered forms. 

The first actual breeding of daylihes probably dat^ from about 1890. 
Previous to this all new types that had appeared in Europe and the 
United States were simply plant importations from the Orient. The 
development of new types from seedlings was begun about 1890 by 
Geoi^e Yeld in England. His first introduction, named Apricot, 
appeared in 1892 A more recent contributor is A. B. Stout, of the 
New York Botanical Garden. He has attacked the breeding problem 
from a scientific angle, and it is to him that we owe the greatest ^rt 
of the genetic information now available on this group of plants. The 
breeding of new forms has increased so rapidly, chiefly as a result of his 
research, that there are now probably more than 300 different varieties 

The breeding of daylilies is handicapped by many obstacles. Among 
these are self-sterUity and cross-stenhty, which mhibit seed setting, 
the hybrid nature of the available types, and the comparatively slow 
rate of increase after a desirable variety has been devwoped 

The types of sterility encountered may, according to Stout, be classi- 
fied into four groups 

(1) There appears to be lack of affinity between certain species in 
the relations of fertilization. Yet hybrids have been obtained from 
many of the combinations between species 

(2) There is much abortion of pollen grains and egg cells m certain 
hybrids, such as Hemerocalha flam L X JI. nano, and in triploids, 
such as the Europa daylily. This condition greatly reduces the chance 
that a plant will bear seeds, but there may be a few viable pollen grains, 
in which cose the plant may be used as a pollen parent. 

(3) There is abortion of pistils in the older triploid double-flowered 
forms, although some viable pollen is formed 

(4) In daylilies there are many types of incompatibility Some 
plants set seed only when self-pollinated, others when polhnated by 
sister plants, and still others only when cross-pollinaW by certain 
other species Studies have been made which show tliat in some cases 
of sterility pollen tubes grow poorly in the style or fail to enter the 
ovary, ^me clones are completely self-sterile, others set a few seeds 
when self-pollinated. 

The wide variation in any group of daylily seedling is rather strik- 
ing. Even seedlings of the older, well-established clones are usually 
very inferior to the parent type This indicates, of course, tliat day- 
lilies are probably heterozygous for a large number of ^enes. The 
chances of securing improve types depend almost entirely on the 
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number of seedlings grown. According to Stout, only 14 superior 
seedlings were found out of a total of 15,000 grown Others apparently 
had some merit, since about 100 more were saved for use in selective 
breeding. 

The present information on dayhiies indicates that many new types 
can be developed by intercrossing the existing clones. Because of the 
heterozygous nature of the material, lack of genetic data, and general 
self-stenfity, a scientifically planned breeding attack is diEcult 
About all that can be done at present is to grow large populations and 
select the superior types either for introduction or furtner breeding. 
It would be desirable to establish some self-fertile lines so that a genetic 
analysis of some plant characters could be made 

The cytological investigations of daylilies have shovini some interest- 
ing results. The basic chromosome number of all the species appears 
to oe 1 1 . The common European form of HemeroeaUiafulva L , which 
Stout calls Europa, has 33 chromosomes and is therefore a tiiploid. 
According to Bolling and Stout this species shows considerable irreg- 
ulanty in the formation of pollen cells, so that very few good pollen 
grains or egg cells are formed Further studies by Stout showed that 
triploidy was faiily common in daylilies and this may account for some 
of the prevalent sterility. 

The garden irises may be grouped in several classes, such as the 
bearded, beardless, and bulbous types This discussion is limited 
to the commonly cultivated tall bearded type As is true of many 
other ornamental plants, the early history of the iris is shrouded in 
mystery According to J C Wister, bearded, irises are native^ to 
central and southern Europe and Asia Mmor, in a region extending 
from the Alps through Italy, Hungary, Bulgaria, Palestine, and Iraq. 
There are no records of when man first began to cultivate the wild 
types, but it was probably very early, since the ancients attributed 
various medicinal properties to the rootstocks 

Ins albicans L«^e is the first species about the culture of which 
there is definite knowledge This iris probably originated in Arabia 
and was carried all over southern Europe by the Mohammedans, who 
planted it on the graves of their soldiers. There are no records as to 
when this practice was begunj but by 750 A. D., when the Moham- 
medans were driven out of Spam, the species albicans was already well 
established there. 

The first reference to the growing of the iris in European gardens was 
in 1790. At this time about a dozen wild forms were listed in several 
garden catalogs. The next 60 years saw a rapid increase in the popu- 
larity of irises, and it was during this period that the first iris breeding 
was begim. Prominent among the early workers wore Lemoine, 
Jacques, and Salter, who produced many new improved forms. Un- 
fortunately there are no authentic records of what these three men did, 
and any varieties they majr have named have been lost. The first 
authentic record of named iris seedlings was as recent as 1M5. At thw 
rime M. Dauvesse, a nurseryman of Orleans, France, offered a half 
dozen or so new varieties. , . 

Within a dozen years thereafter the growmg of ins seedlings was 
undertaken by many people. The most promment of these were 
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Loiiis Van Houtte and Verdier of France, Krelage, Roozen, and 
Van L^uwen of the Netherlands, and Peter Barr of England. 

Previous to 1890 it seems that most of the new seedlings were 
derived from the two species Ins pallida Lam. and /. variegata L. 
The results wore limited by the potentialities of these two species. 
Sir Michael Foster about 1880 oegan collecting iris species and 

forms from all parts 


of the world to use in 
his breeding program 
The results of some of 
his crosses were so 
striking that other 
breeders were stimu- 
lated, and soon a num- 
ber of new species com- 
binations began to ap- 
pear. It is likely that 
errors of nomenclature 
may have crept into 
some of this early 
work, and there may 
be some doubt about 
the alleged parentage 
of some of the crosses. 
_ Among the modem 
iris breeders of Europe, 
the late A J. Bliss, of 
England, is probably 
the best known. He 
was interested in 
studying the relation- 
ships of many of the 

E resent varieties, but 
e also developed some 
very fine new ones. 
He did not specialize 
in one tyye of flower 

Figure 78.-Grace Slurlevant, one of ibe leading ina 

breedera in tbe United States. Some of our finest ins IJJr® TMge of forms. 

varieues owe their origin to her. ^he hwtory of ins 

breedmg m the Umted 

States dates back to about 1905. At this time Bertrand H. Farr, of 



Pennsylvania, introduced a collection of superior new varieties from the 
Englisn firm of Barr. Working with this material, he was able in 1 909 
to introduce some excellent new seedlings. This work soon stimulated 
widespread interest, and very shortly large numbers of amateur 
growers were producing seedlings. In an a^cle of this length it is 
obviously impossible to mention all the American breeders. 

One of the most careful and prolific workers is Grace Sturtevant, 


of Massachusetts (fig. 18). She has continuously maintained a 
collection of the very finest varieties to use as parent plants and has 
developed over 40 new worth-while introductions. Among them 
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Aftemlow, B. Y. Morrison, Queen Catorina, Reverie, and Shekinah 
are of exceptional merit. 

.pother American breeder who developed some excellent new 
varieti^ was Edward B. Williamson, of Indiana From about 1910 
until his death in 1933 he introduced many new inses One of the 
best known came from crossing about 500 flowers of the variety 
Amas with other varieties Only one seed pod was formed in these 
crosses, and one of the seeds in it produced the seedling later named 
Lent A. Williamson. 

J. C. Nicholls, ItWa, N. Y., is credited with very careful work on 
iris breeding. Ho rigidly selects the parents for each cross and keeps a 
ve^ careful set of records of all his work 

On the Pacific coast, the work of Sidney B Mitchell and of E. O. 
Essig is noteworthy. Mitchell has developed many excellent 
new varieties and recently has devoted most of his time to develop- 
ment of new yellow types. Essig began iris breeding as a hobby 
and has carried on a series^ of careful experiments on seed germina- 
tion under different conditions. He also has introduceu several 
excellent new seedlings. Other American breeders of note are 
J. M. Shull, of Washington, D. C., and the Sass brothers, of 
Omaha, Nebr. 

The methods employed by some of the better iris breeders are 
illustrative of the largo amount of work necessary to produce really 
superior types.^ The late Edward B. William^n formulated a plan 
to assure a higher degree of success with his crosses From his 
earlv experiences he knew that many crosses would not produce 
seed, and the only way to discover which would was to attempt the 
cross. Ho decided to use a mixture of pollen m all crosses, reasonmg 
that the prospect of getting some seetf would bo much better since 
there was a chance that one or more of the pollens used would be 
effective. The pollen was gathered from hundreds of flowers and 
mixed in a receptacle From 1926 until his death in 1933 he planted 
each year from 70,000 to 100,000 seeds. He never introduced more 
tlian 10 seedlings in any year. The percentage of worth-while 
varieties is thus rather low. 

The methods of J C Nicholls are in decided contrast to those of 
Williamson. Accurate records of both parents are kept. Parents are 
selected with care, and about 3,000 seeds are planted each year. It 
IS rarely the case that more than 1 iris worthy of varietal status is 
found in 1,000 seedlings. 

Unfortunately little or nothing is known concerning inheritance 
in iris. Bliss made some preliminaiy observations on inheritance 
of leaf pigmentations and coloring oi the beard, but the evidence 
is too meager as yet to warrant a genetic analysis of these 
characters. 

The very early iris breeders simply planted seed and hoped some- 
thing good would turn up. At the present time the better breeders 
choose both parents with care and control all crosses. This informa- 
tion about parental stocks, however, has little actual value unless 
the frequency of superior seedlinra arising from each cross is known. 
Since many of the crosses give only a few seeds or none, a summation 
of data for the same cross from various breeders would certainly be 
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worth while. If such inforniation wore availahlo a table of breeding 
qualities of various varieties oould bo made that would be of some 
value. Undoubtedly some of the more careful brooders have this 
sort of information on their own work, but it has not boon collected 
and published 

According to the experience of somo iiis broedoi’s, ono of the serious 
problems has been sterility. Somo varieties are Imth cross-sterile 
and self-sterile, others are eross-storilo and self-fertile, others cross- 
fertile and self-stenle, and still othoi-s both crniw-fortile and self-fertile 
In some cases there are differonccs of opinion concerning certain 
varieties, which indicate cither an error in nomciK'lature or that the 
same variety behaves difTorontly in various localities. Tn general it 
can be said that crosses between closely i elated tyjios have the best 
prospect of producing seed, with loss and less success as the varieties 
are more distantly related. likewise, hybrids between closely related 
types are most likely to bo fertile 

Another difficulty is slow and somotmios poor seed germination 
To a geneticist attempting to work on the iuhontance of some char- 
acter this is a CToat obstacle. Whether or not it is due in some cases 
to poor horticultural practice, it is ono of the things that will have to 
bo overcome before much real genetic research can bo accomplished 

l.ll.Y 

_ To many people in the United States the W'ord lily is closely asso- 
ciated with thoughts of Easter, and they ai'o familiar with only the 
large-flowered, so-called Easter lily, Ldixim long%flonm Thunb This 
lily is widely grown by floristSj who force it for sale as potted plants 
and also as cut flowers. Easter lilies are rarely grown in outdoor gardens 
except in very mild climates whore they are able to survive the winters 
and are not exposed to late spring frosts 

One of the best known of the other lilies is the jiopular so-called 
Tiger lily, Lilium ti^num Kor This ohl-fashionod favorite is a voiy 
hardy species and nas become widely (hstributed throughout most 
parts of the country. Not long after it was introQueed from 
China it escaped from cultivation and is now found growing wild 
in many sections. 


Table 2. — Species of Lituwi classified according to date described 
and continent of origin 
iroiiipllcd from Stoker (49ii] 
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Until very recently only a few lily enthusiasts were famiUar with 
the many beautiful garden forms now available Most of these new 
types are wild species from afar that have been introduced by plant 
explorers. Asia has furnished nearly two-thirds of these, as is shown 
in table 2. Until quite recently the species introduc.ed by plant 
explorers more than met demands for new types The prospect of 
finding striking and distinct new forms in the wild is now rapidly 
diminishing, for they do not readily escape the eye of the botanical 
explorer. Since this is true, it seems that in the future new and 
superior lilies must come from the plant breeder rather than the 
explorer 

As recently as 50 years ago only a dozen species of Lilium were 
grown in England, and few sources of bulbs or seeds were available to 
enthusiasts who wished to grow others. At the turn of the century 
interest in lilies was waning, but was revived by the introduction of 
the easily grown LUium regale Wils. from Chma in 1904. Other new 
forms from China followed, including L. sargentiae Wils. and L. 
vnUmoUuie Wils. The formation of a hly committee by the Royal 
Horticultural Society and publication of its Lily Yearbook, beginning 
with 1932, also stimulated interest in England In the United 
States the popularity of lilies has kept pace with the growing interest 
in flowers in general, and the American Horticultural Society has 
appointed a lily committee this year (1937). New hybrids and more 
readily availaole stocks of lily species have also encouraged wider 
use in gardens everywhere. 

A umform system of naming lilies is essential to an intelligent 
discussion of lUy breeding. Unfortunately for the general public only 
a few species have well-recognized common names. The use of 
botanical names is general even in popular accounts, and while these 
may have a forbidding technical appearance, yet they are in mot. 
' istances the only generally accepted designations available. For 
.xample, the popular Regal lily is known to all botanists and lily 
enthusiasts as Lilium regale. Since most hly breeders become 
interested in the relationships of the vanous forms, an outline of the 
division of the genus Litium into subgenera and ^ctions has been 
included in the appendix. In this appendix also is a list of lily hybrids, 
including reports of species crosses from which no named hybrids 
have been grown. Such a list should be helpful to the amateur 
hybridizer in pointiM out wluch crosses are readily made and which 
combinations are difficult or not yet accomplished. 

On this continent notable contributions to our array of garden 
lilieg have been made by the late David Griffiths (fig. 19), of the 
Department, and W Isabella Preston, of the Dominion Experimental 
Farm at Ottawa, Canada. Griffiths is best known for his work on 
the propagation of lilies, but fie developed and distributed a number 
of foe Martagon hybrids (15S), one of which is Star of Or^on. 
Miss Preston has made great numbers of cross-pollinations with the 
principal objective of developing hardier lilies for Canadian gardens. 
Some of her named productions are George C. Creelman, Davmottiae, 
and the more recent Grace Marshall, Lila McCann, Lilian Cummings, 
and Phyllis Cox. Many amateurs are active in the United States 
and in Canada, and some foe hybrids have resulted from their efforts. 
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In England the Backhouse hybrids produced bjjr Mrs. R. O. Back- 
house of narcissus fame are perhaps the best known of the newer 
lilies, but activity is widespread there os woU as on the Continent of 
Europe. 

In the literature of lilies the notation of hybrids hits been so casual 
that Miss Preston felt it desirable to stjite: “In iny notes the seed 



Figure 19 — The late David Grifliiha (1867- 
1935), who did outatanding breeding work 
on lilies and narcisaus while a member of the 
United States Department of Agriculture. 
He is also well known for his work on 
methods of propagation and production of 
tulips and hyacinths. 


parent is placed first” ( 4 ^ 0 ). 
Other writers have departed from 
tlus practice so commonly that it 
18 only by chance reference to one 
or the other species as seed par- 
ent or pollen parent that iJie 
reader can tell which cross is dis- 
cussed. It should also be point- 
ed out that some reported hybrids 
are based on inferences as to what 
the parents should have been to 
produce the observed effects, 
id, further, that some reported 
hybrids may bo merely asexual 
offspring of the seed parent 
Natural hybrids are not common 
in Lilium, at least in England, 
according to Grove (155); but 
Preston ( 4 IO) reports two from 
Canada. Lilium teataceum 
Ijindl., L. elcgans Thunb. (syn 
L. thunbergianum Schultes), and 
L. umbellatum Hort. are all re- 
cognked as hybrids of longstand- 
ing, in the origin of which man 
mOT have played no part. 

Several examples of suppose- 
dly hybrid seedlings that appear- 
ed to be identical with the mater- 


nal parent wore recorded by Porkman (40^) io 1878. He found that 
Lilium superbum L., emasculated and pollinated by L. auratum Lindl., 
L. tigrinum Ker, L. chalcedoni.cum L., or various other species, pro- 
duced seedlings that wore always pure L. superbum. Wlien these 
seedlings wore pollinated with other species, the second generation was 
stiU unchanged L. superbum. Similar results followed the applica- 
tion of pollen of other species to L. umbeUaium Hort., and the Easter 
lily, L. longijlorum. Griffiths has commented that maternal inherit- 
ance is remarkably prevalent in lilies, and {1S4) that L. regale 
better results when used as a pollen parent because of this tendency. 
Stout (, 497 ) concedes that soodlinra of maternal character in Lilium 
may result from wide crosses, without fertilization and production of 
true seeds. Preston (409) has found that seedlings of Z. regale polli- 
nated with L. speciosum Thunb. var. rubrum Hort. or with L. tongi- 
jlorum are strictly maternal in character, and that the progeny of a 
L. regale X longiflorvm cross remainod pure L. regale m the second 
generation. 
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Further reports of sunilar nature could be cited. Such results 
might be attributed to late or incomplete emasculation or to ineffective 
protection against pollen of the maternal species, but such explana- 
tions cannot be pressed in the face of reports from careful hybridizers. 
Some form of parthenogenesis must be assiuned m tlie production of 
such pseudohybrids, as is suggested by Hall and his coworkers (191) 

The possibility has to be borne in mind that crossing certain lilies may not 
result in producing true seed, i c , by sexual union of the pollen cell with ovule 
Excitation due to the foreign pollen may induce the formation from the ovule 
of a “seed’ which is really a bud of the mother plant into which the pollen has 
not entered 

It has already been mentioned that many hybrid lily types of the 
past century in particular were noted alike for their beauty and their 
quick disappearance Striking examples are Parkman’s LUium specio- 
sum X auratum (1869) and the reciprocal cross produced by Ilovey 
about 1880, each of which persisted scarcely long enough to bo admired 
and photographed. Most of Burbank’s productions are now only 
memories. 

Premature passing of some hybrid types is clearly duo to misfor- 
tunes of culture before the stock was developed to conunereial quan- 
tity. It was (JrifRths’ aim to stress the need for rapid, efficient vege- 
tative propagation to insure establishment of a desirable hybrid as 
soon as possible, and ho devoted much of his energy to improving 
methods of propagation with this m mind Some desirable hybrids 
are inherently slow or difficult to propagate (161) and may be lost 
through the producer’s haste to market his creation. Other hybrids, 
of course, are genetically weak and incapable of long survival, an 
extreme example of which is the albino seedling. 

One of the least excusable reasons for loss of a hybrid is fa^uro to 
recognize the necessity of vegetative propagation if the stock is to be 
kept true to type. Very frequently seed of a promising hybrid lily 
is offered for sale and the seedlings produced are sometimes called by 
the name of the parent plant. This is obviously a wrong procedure, 
since it would be very unusual for a first-generation hybrid to breed 
true. Griffiths (f5f) ”al 80 calls attention to the fact that there has been 
a tendency to treat all the hybrids coming from a cross as a variety 
rather than selecting an outstanding one for vegetative increase ns a 
clonal variety. Sudi practices have undoubtedly added to the pres- 
ent confusion regarding many named lily hybrids. They are con- 
trary to the fundamental principles of genetics, and lily breeders will 
do well to discard them. 

Another important reason for decline or loss of lily l^brid_ varieties 
is the presence of virus diseases such as mosaic (166). The viruses are 
carried in tlie living cells of the plant and are spread from plant to 
plant by aphids. When a diseased lily is propagated by division, by 
stem bulblets, or by scaling, each new plant produced will have the 
disease. No method is known by which such diseased lilies can jae 
made healthy. If a new hybrid is attacked, it may as well be dis- 
carded. Fortimately riiese diseases are not commonly transmitted 
through the seed. Accordmgly seedling lilies are usually free from 
virus diseases to begin with and should be grown at a safe distance 
from affected parent plants and other diseased lilies. 

138904'— 37 61 
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It is gonerallj known that some species of LUium do not readily set 
seed when pollinated with their own pollen. As early as 1890, locke 
demonstrated that LUium bulbiferum L. could be divided into certain 
groups w hich would set seed only when pollen was used from a mem- 
ber of another group (497). There are many references to the failure 
of the Madonna lily (L. caudtdum L ) and the Tiger lily (Z. iigrinum) 
to develop seeds. Preston states that L tentaceum and L. hansoni 
Ijeichtl., as well as L. txgrinum, are self-sterile at Ottawa, Canada. 
She later (410, 411) reports a fertile strain of L. iigrinum that she has 
named “var. diploid ” Griffiths cites L regale and L. longiflomm as 
species that sot seed only when different plants are interpollinated. 
Amsler (4) reported that L brownii Poit. and L parryi S. Wats, set 
no seed when selfed, but did when pollinated with other strains of the 
same species. Stout (497) and otheis who have studied self-incom- 
patibility in LUium made systematic trials with proper attention to 
emasculation, bagging, and hand pollination, and showed that failure 
of individual plants to set seed on selling is widespread in lilies. L. 
iiqrinum and its x&neties flore-pleno, splendtnn, axmjortunei are trip- 
loids (191), having 36 chromosomes, and rarely mature functional sex 
cells The “vanety diploid”, however^ has the normal diploid num- 
ber of 24 chromosomes and is self-fertile (497). In other species the 
failure to set seed is not due to inability to develop functional gametes, 
os is sliown by the successful results of inter|>ollinating different lines 
within a species Even tiie triploid L. iigrinum will sometimes set seed 
with the pollen of L leichtlini yar. marimounczi (Regel) Baker. 

Stout (497) mentions occasional instances of failure of lilies to form 
functional pistils or stamens. He also found poorly formed, nonfimc- 
tional pollen in the hybrid L. ieaiaceum, which he explained os caused 
by hybridity and a hke condition caused by triploiay in L iigrinum, 
but he holds that incompatibility is the most important reason for 
failure to set seed in LUxum. In the species L henryi Baker, L spe- 
eiomm Thunb , L. superbum, L. elegant Thunb , L. bulbiferum subsp 
croceum (Chaix) Baker, L. dauncum Ker, L. philadelphicum L , L. 
auraium Lindl , L. humboldtii Roezl and Leichtl , L kelloggii Purdy, 
L. willmottiae, L roezli Regel, L longiflorum, ho found self-sterility to 
he the rule but some few mdividuals set a little seed with their own 
IKillen Among 59 plants of tlie common wDd lily, L. canadense L , 4 
fully self-fertile individuals were found, 6 partially self-fertile and 49 
wholly self-sterile. Interpollinations of self-sterile plants were success- 
ful in nearly all cases. Over 100 plants of L. hansoni studied were 
fully self- and cross-sterile and may represent a single clone. This 
strain was, however, reciprocally fertile with a new strain of L. 
hansoni received from Manchuria. Stout found no fully self-fertile 
individuals in L. candidum, and cross-fertility was rare and partial 
until a new stock of unknown source was encountered. Species in 
which Stout found no self-fertile individuals are L. hansoni, L can- 
didum, L. iigrinum (excluding the “variety ^loid”), L. parryi, L. 
ehalcedonieum L., L. browni‘^ L. grayi S. Wats., L. suichuenense 
Fronch., and L. mcaimowiczii Regel (= L. leichtlini var. maximouncmi). 

Now that the pitfalls of the past are better understood, lily breeding 
is undoubtedly on a surer basis and prospects are brighter than ever 
before. The iipportance of vegetative propagation of hybrids is 
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becoming rocogmzed, and the methods of vegetative reproduction 
have been improved. All hybrids start as seedlings and are, there- 
fore^ usually free at first from virus diseases, since, as pointed out 
earlier, these diseases are not commonly seed-borne. This point has 
become widely appreciated, and efforts are being mode to grow as 
many lilies as possible from seed. When mosaic-free stocks of garden 
hlios are more generally available, the prospects of increasing a hybrid 
clone to commercial proportions before it becomes affected will be 
greatly enhanced. 

Some of the possibihties of hybnd combinations may be seen from 
the tabulation of reported hybnds m the appendix. Crosses are in 
general more successful within one section of the genus, but a number 
of successful combinations of Archolirion with Martagon and of 
Leuc.olirion with Martagon (see the appendix) are on record. Com- 
binations not yet accomplished may succeed for the persistent breeder. 
Cytology reveals no discouraguig differences in chromosome numbers, 
except in the case of the triploid Lilium hgnnum. 

Some of the specific objectives of hybridizers are extension of the 
flowenng season (f55), extension of the color range in reliable garden 
forms {ISl, 165, 410), development of garden types even hardier than 
Lilium regale {410), and incorporation of supenor vigor and adapta- 
bility in difficult garden subjects, such as L leichtlinn Hook. f. {155), 
L. humboldtn {153), and others {151). Griffiths suggests L. henryi 
Baker as a promising parent carrying vigor and apparent tolerance 
to diseases. 

Unfortunately, little is known conceriung inheritance m lilies. Some 
of the species that are solf-fortilo do not give uniform seedlmgs, which 
indicates tliat they themseUes are hybrids This situation is to bo 
expected because of the widespread self-sterility existing in the genus 
which makes cross-polliiiation necessary for seed setting. 

Nasturtium 

The native homo of the nasturtiiuns {Tropaeolum spp ) seems to be 
the western cuast of South America. They were found there by the 
early Spanish explorers and introduced by them to Europe from Peru. 
This probably happened sometime in the latter part of the sixteenth 
contuiy. The two species that found favor in Spain wore T. minus 
L. ana T. majus L From Spain they soon spr^d over most of 
Europe. In England they were known as “Indian Cresses”, the 
name Indian being used because they came from the Spanish colonies 
in ^uth America, which at that time were described as the Indies 
At first the smaller-flowered T. minus was the most widely grown, but on 
the introduction of varieties of the larger-flowered T. majus, the small 
species was soon neglected. At the present time both typ<» are fo^d 



The range of colors and color patterns in the modem nasturtium is 
one of the widest in the flower kingdom In addition, some varieties 
are known to bear flowers of various shades on the same plant. The 
number of varieties listed today is very large, practically all having 
been developed by professional and amateur efforts. 
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Not much is known as to the inheritance of flower color. Bas- 
muson (A^) has done some work and reports dark yellow as dominant 
to light yellow, and presence of red to its absence. He also crossed 
varieties bearing vanegated flowers with some nonvariegated flower 
types. From these crosses he was able to determine that variegation 
was dominant. In the same investigations it was shown that the 
dark green color of the leaf was determined bjr two genes, green being 
dominant to yellowish green, and both to variegated. 

In habit of growth the nasturtium may be divided roughly into 
three tjrpes — the tall or climbing, the bush, and the dwarf bush. When 
a cross is mode between a pure tall and a bush, all the hybrids are tall, 
and in the ne.xt generation there is a ratio of 3 tall to 1 bush. This, 
of course, shows that climbing is dominant and controlled by a single 
gene. 

Kecently considerable interest has been aroused by the introduction 
of a double form which was named Golden Gleam (fig. 20). The 
origin of this variety is something of a mystery. It was found about 
10 years ago by J C. Bodger in a flower garden near El Monte, Calif 
According to the owner, the seed had been brought into California 
from Mc.vico, where it had been introduced from Spain. A search for 
the typo in Mexico, especially in the locality where it was reported, 
was unsuccessful. 

The seed from the California plant was sown the next year and all 
seedlings proved to bo doubles and tnie also for color. Within a few 
years t he seed was increased to considerable quantities and the new 
Variety introduced. Since other double-flowenng plants of the same 
typo wore not found, it seems that Golden Gleam probably arose as a 
mutation from a single-flowered variety. There have been other 
double nasturtiums, however, one being known as early as 1730, when 
it was dasenbed and figured in colors in the Catalogus Plantarum. 
The horticultural flore-iueno type mentioned in Bailey’s Cyclopedia is 
probably the same thing. This type, which is still grown to some 
extent in Europe, differs considerably from Golden Gleam. It is 
supposed to be entirely double, without production of pollen. Golden 
Gleam, on the other hand, has anthers and a pistil and sets seed. 

Sliortly after the discovery of Golden Gleam, cross-poUinations were 
made to develop other colors. This work was undertaken by Bodger 
and Burpee. As a result, several mixtures of colors and a scanet 
double form appeared on the market a few years ago. 

The inheritance of doubleness in nasturtiums has recently been 
worked out by Eyster and Burpee (JUS). ■ According to these workers, 
singlcne^ is a simple dominant to doublencss When a pure single 
variety is crossed with a double, all the hybrids are single. In uie 
second hybrid generation from such a cross, 78 plants were single and 
27 double. This is very nearly a perfect 3:1 ratio. Since it is such 
a simple situation, we may expect to have all colors represented in the 
double type in a very few years. 

A second double nasturtium has also appeared quite recently. It 
differs very markedly from both the Golden Gleam type and the earlier 
double reported from Europe. In the siMie flower there are five petals 
whiloj ac4x>rding to Eyster and Burpee, Golden Gleam varies from an 
occasional 5-petaled to a 15-petaled flower. The mean petal number 
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Figure 20. — The double-flowered nasturtium Golden Gleam. This variety was found 
growing in a garden at £1 Monte, Calif. It was reputed to have come from Mexico, 
but a diligent search in that country faded to locate any plants or information regarding 
it. (Courtesy of Bodger Sceils, Ltd.) 
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seems to be slightly under 10 The new double type, which is called 
superdouhle, bos from 40 to 50 petals, no pistil, and several modified 
stWens. It does form some good pollen, so it may be r^atded as 
a staminate flower. 

The oriffln of this new extreme double seems to have been spon- 
taneous. It was first noticed in a greenhouse of several thousand 
double-flowered plants. Since it lacked pistils it could not set seed 
and had to be propagated by cuttings. The presence of some pollm, 
however, made it possible to use it as a male parent in crosses with 
singles and with doubles of the Qolden Gleam type When it was 
crossed with pure single plants, about half the hybrids were singles 
and about half superdoubles. Likewise, when crossed with Golden 
Gleam a 1:1 ratio of doubles and superdoubles was secured From 
these results it is apparent that the new superdoubles are all hetero- 
zygous (impure) for the new character, which is obviously a simple 
dominant to both singleness and doubleness If they had been 
homozygous (pure), all the hybrids would have been superdoubles in 
both instances From this it can be seen that the production of now 
colors in superdoubles involves^ an actual hybridizing process 
Thev can be made only by crossing a superdouble with a single or 
double of some new color. If the gene for superdoubleness is not in 
the same chromosome as the gene or genes for color, it will be a com- 
paratively simple matter to provide the extreme double in the full 
color range of the ordinary single nasturtium. If the color gene and 
the superdouble gene are in the same chromosome the desired result 
can stiU be secured, but it will require the ^wing of a much laroer 
population in order to get the new combination. Unfortunately, 
adequate linkage data are not available for nasturtiums. 


The rose is one of the most widely grown and admired of all the 
flowers There now e-xist several thousand named varieties in a wide 
range of color and form, including types for almost all conceivable 
conditions of powth The OTcenhouse forcing roses, hardy outdoor 
varieties, climbers, bush, and polyanthas are some of the many types 
now grown. This wide variation and development has largely 
occurred in comparatively recent years 
The rose is one of the oldest of our cultivated flowers It first 
appears in the early art of long-destroyed civilizations and is fre- 
quently mentioned in the Bible and in Greek mythology. It was 
undouDtedly the favorite flower of many of the rulers of Greece and 
Rome and was used as a symbol on their banners and shields. This 
eariy popularity continued on down through the Middle Ages, and 
roses were the symbols for the great houses of York and Lancaster in 
the so-called Wars of the Roses in England 
The genus Rosa is a large one with several races, widely distributed, 
end native mostly in the North Temperate Zone. However, a few 
species are found near the Equator and even above the Arctic Circle. 
Many of the finest are native to eastern Asia, but they have not been 
so highly developed there as in the western part, especially about the 
eastern end of the Mediterranean Sea. 
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In Europe during the sixteenth centuiy only a few rose varieties 
were cultivated and at least half were singles. Two hundred years 
later there had been only a slight increase in the available varieties. 
In England at this time tnere were 21 species m c.ultivation, and about 
30 double varieUes Importations were very rapid after 1789. In 
this year the Crimson Chinese Monthly, Rosa, chinsns^s var semptr- 
florens Koehno, was introduced Three years later the Macartney, 
R. bracteata Wendl , made its first appearance, and in 1796 R. rugosa 
Thunb This was followed by R muUiflora var cornea Tliory, the 
first rambler rose, in 1804; B hanksiae R Br , m 1807; R chxnens‘>s 
var. odoratxsmma Lindl , the tea-scented rose, in 1809, and the Fairy 
rose, R chinenms var mxmma Rehd , and Eduard, a Bourbon type, 
in 1810. About 1816 a rambler rose. Seven Sisters, R muUiflora var 
pl^yphylla Thory, appeared This was followed in 1823 W the 
microphylla or small-leaved type, R roxhuryhii Tratt , from China 
While only meager records are available, it seems very probable that 
these new species were used in crosses with some of the native species 
such as R galhca L , R rubiginosa L , and the so-caUed Ayrshire roses. 
By 1829 R Desportes briefly described 2,562 species or yaneties then 
under cultivation in France This enormous increase in so short a 
period is very interesting It is extremely improbable that it was in 
any way caused by a sudden tendency to production of sports or muta- 
tions. Other factors are more likely to have been responsible, among 
which importation from other continents and the growing and selec- 
tion of seedlings were probably two of the most important 

Cultivated roses wore probably brought into the Umted States by 
the earliest colonists Very httle is known concermng them during 
these early days, and it was not until after the Revolutionary War 
that any account is found of the naming of a new vanoty This rose, 
called Mary Washington, may xcry well bo the first truly American 
production. Shortly following this the Champn^ or Noisette roses 
were developed, and soon after, in 1840, Feast Bros , of Baltimore, 
introduced hardy climbers having our native Rosa setigera Michx. as 
one parent. 

At the beginning of this eentiiry, most of the rose varieties grown 
in the United States had ori^ated in Europe These importations 
were very frequently disappointing in their behavior, and it was soon 
realized that varieties should be developed under local environmental 
conditions This situation stimulated the efforts of American rose 
breeders, and tod^ tWe are hundreds actively engaged in this 
fascinating work. In an article of this length it is obviously impossible 
to cover ^ the contributions of these workers. 

One of the earher pioneers in the breeding of modem roses was the 
late E. G. Hill, of Richmond, Ind His first activity with roses began 
in 1851 when he was employed in the nursery of T. C. Maxwell & 
Bros, at Geneva, N. Y , where he became fanuliar with the very best 
varieties then available. In 1865 the Hill fanuly moved to Richmond, 
Ind and in 1881 father and son launched the well-known firm of 
E. G. Hill. About 1891 Hill began importing the newer hybrid teas 
to test for cut-flower production under American conditions, and dur- 
ing this last decade of the past century he undertook his own breeding 
work It was not until 1904 that two roses resulted which he believed 
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wore superior. These were General Mac Arthur and Mrs. Theodore 
Roosevelt. In 1905 Richmond was selected from a large group of 
red seedlings. These Mpular varieties were followed by many others. 

Another American breeder who introduced many well-known vari- 
eties is John Cook, of Baltimore. His first successful hybrid, Souvenir 
of Wootton, was introduced in 1888. Other well-known varietira 
developed by him are My Maryland, Radiance, Panama, and Francis 
Scott Key. 

Alexander W. Montgomery, Jr , of Hadley, Mass ^ is another who 
has contributed valuable new varieties. Iwo of his introductions, 
Hadley and Mrs. Charles Russell, are still very popular. The 
Domers, in La Fayette, Ind , have also produced several valuable 
roses, l^robably the best known of these is the widely grown Hoosier 
Beauty 

The methods used by most of the amateur and profos.sional rose 
breeders are probably very similar In general, some ideal type is 
determined upon ana the breeder attempts to scciue it by crossing 
two varieties, each possessing some of the desirable characters. In 
many instances, tlie eventum result is far different from the prede- 
termined ideal, in fact, may even surpass it In general, only a few 
really successful new roses occur in a population of several thousand 
seedUnm As an illustration of the odds against securing a really 
desirable new seedling when varieties are crossed, the following is 
quoted from an article bv Hill {206) in the American Rose Annual 
for 1917 

From the 1914 crosses there were germinated o%cr 2,500 seeds Each little 
plant was given siiecial culture, being planteil in a bench where it received the 
same care as that reciiiired by the most important forcing varieties In 1016 the 
first weeding out of the seedlings occurred, and by 1910 the 2,600 seedlings had 
been reduced to about 800 These were tested in blocks of five, receiving the 
most rigid attention and critical scrutiuj . 

By the opening of 1917, the seedlings have been reduced to some fifteen sorts 
which Mr, llill considers ivorth while going farther with Of these fifteen several 
have been selected, named and registered, and propagation is proceeding with the 
idea of later dissemination 

From this group of 15 came: (1) Columbia, resulting from the 
cross Ophelia X Mrs. Shawyer, (2) Double Ophelia, from a cross 
between Ophelia and an unnamed seedling variety; (3) Rose Premier, 
from a cross between Ophelia and Mrs Charles Russell; and (4) Mary 
Hill, from a cross between Ophelia and Sunburst. 

Again quoting. 

Others of the fifteen sorts are full of promise and will bo reported upon later. 
It may be observed that all of these roses arc selected primarily from the forcing 
or commercial cut-flower standpoint, but it is by no means improbable that several 
of them may also prove as fine for outdoor use as General MacArthur. 

A careful study of these results is very interesting Suppose all 
15 surviving seedlings are finally selected as worth while. The ratio 
of the total seedling to the mmber of good ones is then 2,500:15, 
or about 1 desirable in 166 It is very probable that the ratio is often 
considerably greater than this, in some instances reaching odds of 
over 1,000 to 1. 

The very wide variability exhibited by a large group of rose seedlings 
has been a constant puzzle to many rose breeders. As early as 1889 
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I^rd Penzance, a prominent English rose breeder, pubUshed the 
following statement; Roses of the first order are, after all, very rare 
in a sowing of seed, and their production is a veritable lottery, in which 
chance plays the principal part ” 

Until fairly recent years, most rose breeders did not even keep a 
record of parent varieties used m a cross. The lack of this informa- 
tion has been deplored by many observers, but it is doubtfid whether 
micli data would have the value apparently attached to it For 
instance, the parentage of the widely-grown old favorite, Caroline 
Testout, 18 well-known, but it is very doubtfid whether any breeder 
coidd repeat the cross and secure another Caroline Testoiit. It is 
not meant that such a result is impossible, but it is improbable It 
iniglit occur if a very large number of hybiid seedlings were grown. 
There is, however, a possible value in knowing tlie parentage of rose 
varieties It is very probable that wo should find certain yarieties 
more apt to produce successful offspring than others Such informa- 
tion might bo helpful m planning cross-pollinations 

The extiemely mixed heredity of lose varieties makes planned 
breeding very difficidt Since propagation is easily accoinplislu^ by 
budding and grafting, this heterozygous condition is not a handicap 
to the rapid increase of any variety 


1'abi e 3 Roses developed hr Tl 'tdier I an Fleet 



While American rose breeders were not at first so active as Euro- 
neans in producing hybrid teas, they have accomplished much in 
leveloping hardy outdoor roses. One of the leaders in this work was 
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the late W. Van Fleet (fig. 21), who continued his rose-breeding 
activities after ho became a member of the Department of Agriculture. 
He was an industrious worker, making many thousands of crosses 
and keeping accurate records of his wore. His objective was to pro- 
duce continuous blooming roses for common dooreard culture under 
the diverse climatic conditions of this country. In order to develop 
such types he utilized all avail- 
able vigorous species of pleasing 
aspect, as well as strong-grow^ 
garden forms, crossing them with 
highly developed florists’ varie- 
ties. In this manner he hoped to 
secure plants that would combine 
the really desirable characters of 
the parents. Two varieties devel- 
oped by him were introduced 


The complete list of Dr. Van 
Fleet’s varieties is given in table 
3, where they are arranged in the 
order of their introduction. It 
is interesting to note how few spe- 
cies entered into the formation of 
these varieties. Thirteen of the 
nineteen had Rosa vnchuraiana 
Cr4pin as one j^ent; three had 
B. i^osa, two «. aetigera, one B. 
miUtiJIlora Thunb , and one B. 

moyasiHemsl.andWilson. Some 

* *** of these inti^uctions have 
L“t;fAiriLlture.XdidTt.S5 sained widespread recognition 
work on ^nghakly outdoor ««*. h! and are Widely BTOWn 
«et as hii. goal the development of hardjr . .^o^er breeder of hardy roses 
dooryard roses that would bloom continu 18 N. E. rlansen, 01 tho ^llth 
ously from early spring until frost. Dakota Agricultural Bxperiment 
Station at Brookings. He has 
been working for some time to develop roses to withstand the severe 
winters of that section. His first mtroduction was the variety 
Tetonkaha, which appeared in 1912. In 1926 a second variety, 
Tegala, was released, and in 1927, 13 others were introduced. All 
these varieties have proved hardy at the Brookings station and have 
been distributed in the Northwest prairie r^on. 


The great diversity of form and habit in any group of rose hybrids 
is easily Understood. To the geneticist it is the naturally expected 
outcome when two highly heterozygous plants are cross-pollinated. 
While the records of early hybridization in roses are none too authen- 
tic, they do at least show that the ancestry of our modem varieties 
is very complex. Thus the hybrid teas probably originated from a 
cross between a hybrid perpetual and a tea rose. The teas are sup- 
posed to have come from Rosa odorata Sweet. The hybrid pe^et- 
uals have a very complex ancestry. As far as can be determined, 
the earliest progenitor was a damask rose called The Four Seasons. 
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It waa being grown oonuncrcially m 1790 and waa probably croaaed 
extensively with the French and Provence roses to give nse to the 
damask perpetual. It seems that these wore then crossed with 
China roaea, from which came the hybrid China typea. Accordmg 
to the records of this period all roses in this last group wore apparently 
atenle, but in 1830 a M. Guenn produced a hybrid named Malton 
which proved to bo fertile A accond fertile hybnd called Athalin 
waa produced the same year by Jacques, gardener to the King, at 
Neiiilly. It is very likely the damask parent of each was a descendant 
from the variety The hour Seasons A few years later the variety 
Athalin was crossed with Rose du Roi, a damask perpetual. Some 
of these crosses were called hybnd damasks and wore the direct fore- 
runners of the hybrid perpetuals In 1837, M Laffay, a florist 
located at Bellevue, near Pans, introduced J’nnco Albert and Princess 
Helene, two new varieties. They were of the hybrid-perpetual type, 
and M. Laffay is usually credited as the ongmator of this group. He 
later produced other varieties, among which was La Reine. Jn 1844, 
groups of hybrid Chinas, bourbon perpetuals, hybrid damask peqiot- 
uals, hybrid Gallicas, and moss roses were all combined to form the 
hybrid perpetual group. 

The hybrid teas, then, have a very diverse ancestry, Tliis c,om- 
plexity has been greatly multiplied by crosses among themselves, so 
that our modem hybrid-tea vancties are xmdoubtedly a conglomera- 
tion of many ancestral characters Is it any wonder that even m a 
group of thousands of hybrids from seed, no two are exactly alike? 

The sudden spontaneous appeanmeo of so-called sports in roses is 
a well-known phenomenon. The frequency with which they appear is 
not known, although some varieties are supposed to produce more 
than others. This, nowever, is probably based on the limited numbers 
considered worthy of introduction rather than on the total actually 
produced. There is little information about such sudden changes m 
parts of the plant other than flowers. In many instances the sport 
involves only a slight change in flower color, although very sharp 
breaks, such as from red to white, are also known. 

These mutations in the hereditary matenal in the cells may occur 
at different stages of development and m different parts of the plant. 
T^ien. for instance, a red rose produces a branch bearing white flowers, 
doubtless a change has occurred in the petal cells that carry the 
color pigments. The change may have occurred in the bud that 
produced the side branch, or it may have occurred at any tune during 
the growth of the shoot and flower bud. Sometimes the change in 
hereditary material comes after the flower bud is almost fully de- 
veloped. In such instances we mav have bicolored flowers, each 
pigment being restricted to a very defimte sector. 

It may sometimes happen that a particular bud taken frona a 
mu tated oranch fads to produce the new flower type. Such a situation 
is called a reversion by rose breeders, but it probably indicates that 
the mutation occurred after this bud had been formed. 

No one as yet has been able to induce a sport in roses or explam the 
forces that bring about the change under natural conditions. Some 
of the future research on roses will undoubtedlv bo concerned wth 
such matters It is possible that exposure of buds to X-rays, radium. 
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heat, or some chemical might iaduce radical changes. Until such time 
one must depend on the chance occurrence of mutatio^. Unfor- 
tunately the erroneous idea has become current that special credit is 
due the introducer of a new rose sport. Actually the rose breeder has 
no control whatever over its appearance, lie is simply fortunate in 
having the mutation occur in one of his plants. Such introductions 
should not be classed with actual breeding work where planned 
cross-pollinations are made and thousands of seedlinp grown. Even 
in the latter case, our present methods are very little advanced oyer 
what they were 45 years ago, when Ixird Penzance called rose breeding 
a lottery. 

The contributions of science to rose breedmg have been concerned 
chiefly with pollen studies, studies of the chromosomes of the various 
species, and methods of hastening seed germination. The classifica- 
tion of the genus Rosa into species has been a very difficult problem. 
Various workers have from time to time re^^sed the classification, 
and there has not been any general agreement among them. This 
confusion is probably caused by the lack of agreement on what 
constitutes a species, as well as by theiindoubteil heterogeneous nature 
of rosea. In early days, as well as now, natural crosses between wild 
roses probably occurred, giving rise to new intermediate forms. When 
rose growing became so popular, amateurs began making cross- 
poUinations Ijetwcen all available types, thus further complicating 
the situation. 

At the present time most rose varieties and so-called species are 
actually mixtures of many types Classification ns botanical species 
is practically impossible. Undoubtedly many of our present so-called 
species are simply hybrids, as is indicated by the degrees of partial 
stenlity found. 

An interesting study of the pollen of several wild species and some 
species hybrids was made by Erlanson {120). Her method consisted 
m stainiim the pollen and counting the percentage of poor, shriveled 
grains, found that poor pollen exists in all our native American 
rose species. It averaged about 20 percent infertile in all except 
Rosa cuncularis Lindl. and R. palustris Marsh , where it was about 
10 percent. Even relatively fertile individual plants had as much 
as 26 percent infertile pollen In hybrids the percentage of poor 
pollen was usually very much greater than in the wild species, and 
the conclusion was reached that any wild rose plant with over 70 
percent of infertile pollen and setting little or no fruit was probably 
a first-generation hybrid. 

Observations of the chromosomes of roses have also thrown some 
light on the species problem. Rose species have been found with 14, 
21, 28, 36, 42, 49, and 66 chromosomes in the body cells. These 
numbers increase each time by 7 and are called a polyploid series. 
According to Hurst there are distinctly different soven-chromosome 
groups. He assumes at least five suen groups, which he designates 
as A, B, C, D, E. Different combinations of these five chromosome 
sets would certainly explain much of the wide variability in the genus. 

One of the neatest hwdicaps faced by rose breeders is the matter of 
irr^ular seed germination. Seed from some species sprouts readily, 
while that fron\ others may not start growth for several years. In 
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1926 William Crocker, of the Boyce Thompson Institute at Yonkers, 
N. Y , published results of his studios on after-npcnmg and gormina- 
tion of rose seeds. The seeds were stored nt various temperatures in 
moist granulated peat The best temperature for both species and 
hybrids was found to bo 41° F In some eases the acid m the peat 
injured the rootlets of some roses, but this can be remedied by neutral- 
izing the peat v,uth a little Imie or by usmg nonacid peat if it is 
obtainable. 

The futiire of rose breeding depends to a considerable extent on the 
accumulation of fundamental information on mhentonce of rose char- 
acters, and on breakmg away from many of the established practices. 
As stated earlier, the accumulation of parentage records is of little 
value unless it is accompanied by infoimation on numbers of seedlings 
grown. Undoubtedly some parents will gi\e better progenies than 
others. This infonnution for some varieties is probably known by 
some breeders but is not generally tlistnbuted It also seems advisable 
to start self-poUmations of many present varieties, since they are 
already so heterozygous that they will probably give rise to something 
of value Above all there is a need for systematic mvestigation 
by trained workers at institutions well equipped for genetic and 
breeding work with roses Such a program would undoubtedly clear 
up much of the present confusion 

Snapdragon 

The early history of the cultivated snapdragon {Antirrhinum majua 
L ) is not known. Some records indicate that it was first grown m 
Italy, whence it spread to the remainder of Europe. At the present 
time the species is found growing wild in many spots along the Med- 
iterranean^ coast west of Italy. In one of the earliest published 
accounts, in 1578, there were described several color varuitions and 
two distinctive leaf types, the narrow and the broad A little later, 
five vaneties, white, purple, blush, yellow, and variable, were known. 
Soon after tlM a double-flowered fonn ana one with variegated leaves 
appeared. At the begmning of the nmeteenth centuiy several striped 
and spotted varieties were listed by various growers By 1824 a wide 
range of colors existed from rich orange and yellow to white, with the 
same types in reds and purples as well as many bicolor forms. 

The tot-named botanical vaneties of Antirrhinum majus^ did not 
appear until about 1830 or 1835. Among these were reticulaium, 
youngii, and carophyUoidea, In 1844 a deep blood-red double- 
flowered type appeared The earlier doubles had ranged from white 
to rose. In the next few decades counties horticulturd varieties were 
introduced each year and were sold as high as $1 per plant. At this 
time propagation was entirely by cuttings. In 1850, Gwige Parsons, 
of Br^uhton, England, introduced a variety that was a distmet change 
in the arrangement of the colors of the flower. It was white with a 
deep rose band in the form of an edging to the petals. It was dis- 
tributed by E. C. Henderson & Sons, m 1852, under the name of 
Hendersonii. . . ., , , , ^ , 

The snapdragon did not come mto its own until the latter half of the 
nmeteenth centuiy. All the earlier varieties had been propag^ed 
only by cuttings, and very little had been done with seedlmgs. The 
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climate of Scotland and England was ^ cry favorable for tlio production 
of snapdragons of fine qiiality, and tlie flower soon became very 
popular. The demand for newer and improved varieties stimulated 
the CTOwing of seedlings, and hundreds of new types were soon 
developed. 

At the present time snaptlrngons are ro\jghly tlKided into two 
groups — (1) florists’ varieties and (2) types for out<loor culture. Some 
varieties, of course, may be placed in both groups. In England and 
Europe generally, the chief interest is in the outdoor sorts, while in the 
Unit^ States the forcing or greenhotise types are the most important. 

The snapdragon flower is so constructed that smaller insects find it 
very difficult to gain entrance to the nectaries. It requires consider- 
able effort even on the part of a large bumblebee to open the two parts 
of the corolla The flower is, nevertheless, fiequently > isited by large 
bees, and undoubtedly considerable cross-pollmation occurs, liccause 
of this situation, varieties of snnpilragons grown for seed should be 
separated a considerable distance froiu otheiu This is especially 
important for florist varieties, where it is essential that strains be tnie 
for type and color. 

The practice of growing snapdragons from seed did not become ^ cry 
general until early in the present centuiv In England and France, 
seed had been offered by various seedsmen for some time. Most of 
the old standard ^arletie8, however, weie still uicreaaed solely by 
cuttings. In this country, nearly all florists ])ropagated entirely in 
tl^ manner As a result many local varieties arose but wore not 
widely distributed. In 1913, snapdragon rust suddenly appeared in 
the vicinity of Chicago. It had been known m California and along 
the Pacific coast since 1896. Within a few years after its appearance 
the disease spread to all sections of this country, to Mexico, and to 
Canada. The result was almost disastrous to greenhouse snapdragons 
and practically eliminated propajtation by cuttings. The moist con- 
ditions and warmth m the cutting bench were also the optimum 
conditions for snapdragon rust. This situation, and the fact that the 
disease was not seed borne, stimulated development of better 
seed-propagated strains. Witto a short time a great number had 
appeared, and today the total list includes many hundreds ot 
varieties 

Most of the present-day varieties have probably arisen from 
chance crosses made when the commercial seed crop was produced. 
Even though the seedsman r^dly removes all off-colors and types, 
the seed produced will usually contain some crosses made by bees 
The florist or grow'er then finds offtype plants the next year In 
addition to this source of contamination it is also very probable that 
some strains usually contain a few hybrids, which carry recessive 
characters that do not show up until the next year. 

Following the widespread distribution of rust, the popularity of the 
snapdragon b^an to wane in this country. The florists were able 
to control the disease under glass, to some extent, by careful attention 
to watering and maintaining a temperature unfavorable to its develop- 
ment. Plantings outdoors, however, continued to suffer, and the 
snapdi^n be^n slowly to disappear from parks and home gardens. 
In California thq growing of snapdragon seed was a rather precarious 
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undertaking In some years a fair crop might be secured, but on the 
average the yields were very poor Many attempts to control the 
disease by spraying were on the whole unsuccessful 

In 1922 E B Mains, then at Puidue University, found two snap- 
dragon plants that showed some resistance to rust In 1927 he dis- 
tributed seed to several investigators Continued selections and self- 
pollinations in descendants of these strams finally resulted in the 
development of highly resistant strains of smmdragons The in- 
heritance of this resistance has been studied by Emsweller and Jones 
{117), W^te {6^6), and Mams {327) In all cases resistance was due 
to a dominant gone The inheritance of resistance is shown in figure 
22 At the upper loft are shown a flower and leaf of a susceptible 
vpietv; in the upper right a flower and leaf of a resistant plant, 
directly between and below, a flower and leaf from the hybrid resultmg 
from a cross between susceptible and resistant. Since resistance is 
dominant, the first-generation hybrid is completely free from rust. 
At the bottom are shown flowers and leaves from four of the second- 
generation plants Throe are resistant and one is susceptible This 
count of 3 to 1 is the typical Mendelian ratio when a smgle pair of 
contrasting genes is involved The actual figures from such a cross 
made m California were as follows AU of the 562 first-generation 
hybrid plants wore completely resistant One of them was self-poUi- 
nated and 550 second-generation plants were grown from the seed 
In this large population 405 plants were resistant and 145 wore 
susceptible A perfect 3 1 ratio would have been 413 resistant to 137 
susceptible The ratio actually secured was off just eight plants 
Such a small deviation is not significant, and the ratio secured un- 
doubtedly represents what is called a simple monogenic segregation 
Resistance was also foimd m other Antirrhinum species imported from 
western Europe by the Division of Plant Exploration and Introduc- 
tion, but those wore not used in the breochng of the nist-resistant 
strains mentioned. 

Recently in several localities in California, some of the supposedly 
resistant plants have again succumbed to rust Such a situation is 
not unusual, being common in grain varieties bred for resistance^ to 
certain strains of the cereal rusts It is possible that the condition 
in California is caused by a new stram or physiological form of the 
rust organism Since the rust parasite on the snap^agon is itself a 
small plant, it is not unasual that it should produce a new strain able 
to attack otherwise resistant plants If this should prove to bo the 
situation, the production of rust-resistant strains of snapdragons will 
bo more difficult in those sections where more than one physiological 
race of nist occurs . , 

The genetics of the snapdragon has been extensively studied by a 
large number of workers. The inheritance of color is very complex. 
According to Miss Wheldale, magenta is in general the most do min a n t 
color and yellow the most recessive By this is meant that magento 
is dominant to practically all other colors, while yellow is usu^y 
recessive to all others. This explains why seedsmen find that y^ow 
varieties and strains are usually very easy to purify. Since yeUow 
is recessive, plants can exhibit this color only when pure for it. In 
the same investigations, crimson was dommant to bronze, bronze to 
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jrellow-tinged bronze, m^enta to roM dore6, and rose dore6 to ivory- 
tinged rose dore6. Delilah forms, in which corolla lips are colored 
and tube is colorless, were recessive to the correspondmg nondolilah. 
For example, crimson was dominant to crimson delilah 

Stock, Double-Flowered 

The early history of the stock (Matthiola \7icana (L ) R. Br.) is very 
obscure The first authentic records indicate that it was known to 
the Greeks and Romans and prized by them chiefly as a medicinal 
herb. By 1542 at least three colors, purple, red, and white, were 
known, but only in single-flowered types 

The first mention of a double form was in 1568, when a Belgian 
botanist, Dodvens, described it in a paper dealing with sweet-smelling 
flowers suitable for chaplets or garlands, and in 1581 an actual 
illustration appeared At this time the flower was described as 
being so double that it was completely sterile It is not known just 
when the double form appeared, but it was probably a mutation from 
the single. From the scant records of the period it seems tljat the 
only method of reproducing it was by cuttings It was not until 
1629 that any statement appeared indicating that double-flowered 
plants could be obtained from seed of singles. 

Unfortunately, one of the earliest descriptions of double-flowered 
stock stated that the doubling was the result of special treatment 
and frequent transplantation This belief was held for a long time 
and many special practices based on superstition developed in the 
culture of stocks. One of the most interesting dcscnptions of such 
practices appeared in a hook on gardening in 1675. 

HidrIo Flowers Doubled 

llcmovc a plant of stock when it is a little woodded and not too grccnc, and 
water it presentb , doe this three days after the full, and remove it twice more 
before the change. Doe this in barren grounil, and likewise three days after the 
new full Moon remove againe, and then remove once more before the cliange 
Then at the third full Moon, viz , eight days after, remove againe, and set it in 
very rich ground, and this will make it bring forth a double flower; but if your 
stocks once spindle, then you may not remove them Also, you must shade 
your plant with boughs for three or foure daves after the first removing; and so of 
Pinks, K(^, Daysies, Fcatherview, etc , that grow single with long standing 
Make Tulipees double in this manner Some think by cutting them at every 
' T Moone before they bearo to make them at length to bearo double. 

As mentioned earlier, the double-flowered stock plants were 
propagated by cuttings, out how they came from seed of the singles 
remamed a mystery until it was cleared up by the genetic and 
cytological research of Saimders {46S), Frost {136), and Philp and 
Huskins {408). For a long time it was generally believed that the 
doubl^flowers produced some pollen, which fertilized the singles and 
formed se^ that produced doubles. Directions are still occasionally 
given for selection of seed from single-flowered plants surrounded by 
doubled-flowered. An examination of the double flow^, however, 
discloses no pollen whatever, and it seems certain that if any is ever 
produced, it is only on exceedingly rare plants. 

The differences between a smglo and a double flower are ye^ 
striking. The single has four petals, four stamens, and a pistil. 
When fertilized it produces a long, narrow, flattened fruit containing 

138904*— 87 62 
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from 30 to 60 seeds. The double flower is composed entirely of petals, 
which vary from 40 to 70 per flower. There is no trace of stamens or 
pistil, and, of course, no seed is formed 

The double-flowered plants arc desired by both florists and gar- 
deners, and because of this there is active competition among growers 
of stock seed to produce high double-throwing strains Accurate 
counts made by seedsmen have revealed many strains with 80-per- 
cent and a few with as high as 90-percent doubles Usually, however, 
the proportion secured by florists and home grow ers is far less. The 
seedsmen themselves enenunter sharp fluctuations; a strain producing 
as high as 80-percent doubles one year may drop to 50-percent or 
less the next. As a result of this apparent instability, seedsmen, 
florists, and gardeners have entertained a belief that doubleness 
must be controlled by some external environmental factor or factors. 

Modem genetic research has now found the fairly simple e.xplana- 
tion of this situation It also points the way to production of rea- 
sonably nonfluctuating, double-throwing strains that produce the 
maximum percentage of doubles. When a large number of smgle 
plants are self-pollinated and all seedhngs of each one saved, it has 
been discovered that the singles are of three sorts. Typo 1 produces 
only single-flowered plants, type 2 produces 3 single-flowered plants 
to 1 double-flowered, and type 3 produces about 54 percent of double- 
flowered plants and 46 percent of single-flowered The single-flowered 
progeny of type-1 singles never proiluce any doubles m their sclfcd 
progenies; they ai'e pure for singleness The single-flowerexl progeny 
of type-2 singles are of two kinds, one-third being pure for singleness 
and two-thirds like type 2, that is, producing progenies with 3 singles 
to 1 double Most of the single-flowered progeny of type-3 singles 
repeat the performance of their parents, each again producing afcut 
54-percent doubles * 

It is now easy to understand how fluctuations in percentage of 
doubles may occur from generation to generation. Even though a 
seedsman practices careful plant selection and saves seed only from 
the high-double strains, he cannot predict with accuracy the ratio of 
doubles to singles from year to year It seems highly jirobable that 
nearly all stoc^ seed is a iiiLxtuie of all three types of singles The 
percentage of doubles that will develop in any strain, then, is influenced 
by the number of pure and heterozygous singles that were in the seed 
field. Since at present there is no certain method of distinguishing 
the three types of singles except by a progeny test it seems that with 
ordinary methods of seed production the number of doubles will 
continue to fluctuate from generation to generation. 

The preceding explanation accounts for yearly changes in the pro- 
portion of doubles, but it does not explain the occurrence of strains 
with more than 54 to 57 percent In fact, it sets such an amount as 
the maximum proportion that can bo secured How can the strains 
with over 80 percent of doubles be explained? Miss Saunders has 
given the e^lanation. About 20 years ago she noticed for sevend 

f ears the high percentage of doubles developing in a bed of stocks 
t occurred to her that some sort of artificial selection could account 


• It has been shown that occasional pure single plants appear oven In type 3 They, of course, bring 
down the percentage of doubles expected from this type and are an additional source of confusion 



FLOWERS 


971 


for it. A few years later she planted 8 to 10 seeds in each of a large 
number of pots Wlien the seedlings were well established, those in 
each pot were numbered according to their size. Wlicn the plants 
finally bloomed, it n as found that most of the large ones were doubles 
and the small ones singles In 1923 White (546) at the Maryland 
Agricultural Experiment Station conducted a very sinular e.xpenment. 
Ho grew a lai-ge number of seedlings and then graded them into 
groups on the Basis of size When the plants bloomecl, he too found 
that most of the large ones w-ere doubles 

S. L. Emsw'eller has also investigaU'd the problem in genetic studies 
with stocks. The seedlings were not graded by size, but as soon as 
the first tnie leaves were developed, about IfiO plants from eacli of 
several varieties weie tiansplanted into small pots All seedlings of 
a progeny were saved. When the small jilants were established, the 
height, spread, and stem diameter of each were measured each week 
until the plants began to bloom. They w eie then classified as doubles 
and singles, and the mean height, spread, and stem diameter for each 
group were computed for the weekly inteivals. In all cases it was 
very clear that the double plants were more vigorous than the singles, 
even in the seedling stage This does not mean that the smallest 
double plant was larger than the largest single; there were always 
a few plants of each type tliat overlapped It w^as possible, however, 
by selecting only the very largest seedlings, to secure 85 to 90 percent 
of doubles (fig. 23). 

Thus the occurrence of unusually high double strains is readily 
explained. If anyone, florist oi gardener, has more seedlings of stocks 
than are needed, he will invariably discard the weak, small ones and 
save the largest. On the California flower-seed ranches, stock seed 
IS sown in rows in the field When the seetllings have become well 
established they are tliinned by hand, and naturally the stronger 
plants are left This readily cxidains the frc(|uent occurrence of rows 
with 80 to 85 percent of doubles Such rows, of course, came from 
parent plants tnat gave the highest possible percentage of doubles. 

In the light of these facts, certain recommendations for growmg 
seed of stocks can be made In the absence of definite information 
on natural crossing in stocks, it is advisable to self-pollinnto all plants 
selected. A small sample of seed from encli selfed plant should be 
sown in a separate row. Random samples of these seedlings, the first 
50 in each row, should be transplanted, the lots again being kept sepa- 
rate. These trial plantings will indicate the genetic type of the parent 
of each row. ^ed from pure singles will give only single-flowered 
plants; that from simple hybrids, about 3 singles to 1 double; and that 
from tile so-called ever-sporting type, slightly more than 50 percent 
of doubles. The seed of all pure singles and simple hybrids can then 
be discarded and a seed crop grown from plants that produced the 
maximum number of doubles Such a procedure would reijuire 2 to 3 
years but would certainly give high-quality seed In many sections 
of California it is possible to maintain such a planting for sever^ vears. 
Emsweller has done so and secured a greatly increa^d seed yield the 
second year. It is recognized, of course, that this^ method would 
involve extra expense, but it has been profitable with delphiniuim 
hollyhock, and columbine, and it should be with stocks also. If seed 
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of this type were generally available, and florists and gardeners 
rigidly discarded all weak seedlings, they should have little trouble 
in securing stocks running close to 90 percent double. This means 
that over twice the ordinary amount of seed should bo plante<l, since 
slightly more than half the seedlings would bo discarded in thinning 
out on the basis of size 

There are several typos of stock plants (fig. 24) varying in habit of 
growth, earliness, and flower color. Unfortunately the importance of 


— ^ 
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Figure 23 . — Stock seedling!) selected fur sixe after transplanting; A, Group of the 
extremely large plants, 90 percent of which were double-flowered; B, smallest plants, 
18 percent of which were double-flowered. 


the problem of double flowers has retarded work on inheritance of 
these characters. Some data are available, however, on inheritance 
of taU versus dwarf plants and branching versus nonbranching. 
Tall is dominant to dwarf, and in the second hybrid generation there 
will be found three tall plants to one dwarf. The situation is not so clear- 
cut for branching crossed with nonbranching. The first-generation 
hybrid is branched, and in the second generation there is a close 
approach to a ratio of 3 branching to 1 nonbranching. These non- 
branching plants, however, have some tendency toward branching, 
which the original nonbranching parent plant did not have. 

The future breeding work with stocks will probably be concerned 
with the inheritance of other important characters. There is also 
need for the discovery of some simple seedling characteristic to enable 
florists and gardeners to select with certainty double-flowered plants 
in the seedling stage. 
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Figure 24.— Four types of double-flowenng stock showi ; variation in growth habit. 
There are many varieties of each kind including a wide ange of colors. (A) The tall 
ten weeks and (B) the dwarf ten weeks types are used mosUy for bedding, 
early bloomers, and are easy to grow. (C) The imperial (branching) ^ (D). the 
column (lionbranching) types are grown mostly under glass by florists. The column 
sorts (D) are valued for their tall single spike and for adapubility for close planUng, 
thus yielding more salable flower spikes per square foot of greenhouse bench. 
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Sweet Pea 

The sweet pea (Lathyrua odoratus L.) was introduced into the 
Netherlands and England from its native Sicily m 1699. From 
a figure and description published in 1700 the original type is 
recognizable as a tall plant reaching a height of 6 or 7 feet, with 
short flower stems bearing two blooms each The individual bloom 
was small and fragrant. Tho standard was erect, narrowed at 
the base and cleft at the top In color tho standard was reddish 
purple, the wings light bluish purple. Figure 25 shows a ,typo 
closely resembling the wild Lathyrua odoratua in comparison with a 
modem flower 

The evolution of 500 or more distinct garden varieties from this 
unassuming beginning has been admirably tracwl by Beal (40), 
and the significance of mutation and hybridization in the process 
has been interpreted by Babcock and Clausen (5). White forms 
appeared in 1718 In i731 Painted Lady — pink and white in place 
of tho purple and blue of the original type — was introduced, ^ar- 
let, a brighter solf-cnlored variety presumably derived from Painted 
Lady, appeared in 1793. Then followed in 1806 a blue variety, 
in 1817 a striped type, and in 1824 the so-called yellow, more prop- 
erly primrose Now Largo Purple, listed in 1845j implies an im- 
provement in size of bloom. Marked increase in size also occurred 
m the Countess Spencer variety (1904). The original two flowers 
per stalk were increased to three with the advent of Invincible 
Scarlet in 1865 and Crown Pnneess of Persia in 1868, and they 
were further increased to four blooms per stalk in the more recent 
Spencer type The form of standard was differentiated into three 
distinct types* grandiflora, erect but larger and broader' at the base 
than the original, appeared in 1888; hooded, with edges inrollod, is 
an early type; Spencer, with waved standard, is a more recent 
development. Changes in habit of growth include two recessive 
dwarf types, the cupid (prostrate) and tho bush (erect), and the 
commercially important winter-flowenng type. The winter-flower- 
ing sorts are distinguished from other sweet peas by prompt growth 
and flowenng under winter forcing conditions and by lower stature 
and shorter flower stems. Blanche Ferry, the first of the winter- 
flowering types, was selected by the wife of a quariwman in northern 
Now York for 25 years before it reached the trade in 1889. Beal 
has traced the subsequent development of the winter-flowering group 
from this and subsequent mutations. 

All of the changes mentioned thus far are considered in Babcock’s 
anal^^sis to be due to mutation from the original type. The first 
hybridization in the sweet pea was undertaken about 1880 by Thomas 
Ijaxton, of Bedford, England. Tliercafter intensive use of crossing 
served to incorporate the desired colors in the commercial grandiflora, 
hooded, and Spencer types and to vaiy the color and form of blooms 
in the important winter-flowering group. TTio number of favorable 
mutations occurring in the sweet pea in two centuries of culture is 
truly remarkable. These have served as the material from which 
practical breeders have constructed the varied horticultural varieties 
of our day. 
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(ggS) has presented so ne examples of the act lal procedure 
followed m producing new combmitions by hybridization W 
CiithhertHnn nroduced the Waved Kmg Eldwaid variety as follows 
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Parents 

King Edward 

Plain 

red 

1 

Countess Sper 

Waved 

pink 

1 


First 

generation 

(F.) 


Plain 

red 

1 


Second 

generation 

(Fj) 

Plain Plain 
red pink 
(9) (3) 

Waved 

red 

(3) 

1 

Waved King Edward 

Waied 

pink 


The expected proportions of the Fj popiihition arc supplied hy 
Hurst since Cuthbertson did not count the classes. Out of the 
desired waved red class m one-third of the plants should be pure 
breeding and two-thirds segregating again 3 red 1 pink Cuthhert- 
son also raised Primrose Spencer by a similar procedure. Hurst also 
explains the synthesis of Black Knight Cupid in his own experiments 
Parents Black Knight Pink Cupid 


Tall 
puri>lc 
clark-n ing 


Wild purple 

Tall 
purple 
light- wing 


Second fall Tall Tall Cupid Tall 

genera- purple purple red purple red 

tion light- dark- lights lights dark- 

(Fi) wing wing wing wing wing 

(27) (9) (9) (9) (3) 


First 

generation 

(F.) 


Cupid 

red 

light- w'lng 


Cupid 

purjilu 

dark- 

wing 


Cupid Cupid 
red red 
light- dark- 
wing wing 


Black Knight 


Cupid 


Black Knight Cupid was then “fixed” by saving the progeny of the 
one-third of this class that were true breeding, and discarding the 
two-thirds that segregated in the third generation into 3 purple : 1 red. 
The synthesis of combinations in this manner is simple when the 
desired genes are available in different varieties and their mode of 
inheritance is known. 

In addition to the many valuable mutations that have made pos- 
sible the ra^e in color and form of modem sweet pea varieties, 
other mutations of mmor value and actually harmful types have 
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appeared. Amone the mutant forms of minor or novelty interest 
may be mentioned the “sn^dragon” type in which the standard is 
folded around the wings. This is inherited as a simple recessive to 
the normal type. Recently Wright has described a variety producing 
two or even three flower stalks at each node, without loss of size or 
beauty of the flowers. This may bo regarded as a new mutant, 
evidently of minor commercial value, for no further reference to it 
has appeared. The change from “long” pollen to “round” is an 
example of a mutant neither useful nor harmful from the horticul- 
tural viewpoint, while “contabescent” anthers, a recessive mutant 
bearing abortive anthers, and the monstrous “cretin” type with 
abortive pistil, illustrate harmful mutants. Stone’s report of a so- 
matic mutation from recessive cupid to normal tall illustrates that the 
mutation process is still active in sweet peas 

Although hybridization has been widely employed, natural crossing 
between varieties of sweet peas is probably infrequent Until recently 
there was no authentic record of a successful cross of Lathyrus odoraius 
with any other species of the genus Barker {11) reports success 
with only one cross between species out of many attempted This 
hybrid, L odoraitis Kitty Clive X L hirsviun (a weak annual), was 
fertile; segregation occurred in the second hybrid generation, but the 
L odoratus typo was not recovered No noteworthy ornamental typo 
appeareil in this or later generations A few seeds wore obtained on 
pollinating the first-generation hybrids from L odoratua X hirautua 
with pollen from one of the perenmal species of Lathyrus 

The modern sweet pea loaves little to be desired in form of flower 
and variety of color A true yellow is not available though long 
sought, and brighter shades of present colors ore still desired, as well 
as reds and pinks that do not sunburn. The duplex typo, a recent 
novelty with extra petals producing the effect of added size of bloom, 
seems worthy of fixing and of hybndizing to extend the range of 
color and types available. Resistance to diseases, particularly of the 
root rot group, is needed A hardier race of sweet peas to endure 
winter cold and permit fall planting and one enduring summer heat 
would serve to extend the range of satisfactory garden culture of this 
excellent annual 

LITERATURK CITED 

Literature citations for this article, covering 564 references on 
flower breeding, are omitted from this volume because of space limi- 
tations but are available in the 1937 Yearbook Separate on Improve- 
ment of Flowers by Breeding 
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SUPPLKMENTARY DaTA ON IaLY BrEBDING 
Classification of the species Lilium 

8ul)gcniis Evliriim True lilies Bulb perennial, leaves linear, lanceolate or 
lanceolate-ovate 

Section 1 I^cucolinon Trumiiet lilies Flowers trumiict-shapcd, hori- 
zontal or noddiiif;, ))crianth scKmcnts falcate or siircadiiiK at the apex, 
stamens not diver^nt 

Examples Lilium canthdum h, L formosnnum Stapf , L longtflorum 
Thunb , L rrgale Wils 

Section 2. Archelinon Lilies with open, bowl-shaped flowers Penanth 
sennients widely spreading, broadest below the nuddlc, stamens divergent 
K\am]flcs L nuratum Lmdl only, according to 'Wilson, but also L 
spfcwxxim Thunb and L itgnnum Ker according to Baker Orovc 
adds L henryt Baker and L letehlltntt Hook f and comments that the 
div idmg line between Archelinon and Martagon is arbitrary and may 
need revision 

Section 3 Isohrion Lilies with erect flowers Perianth segments falcate, 
not revoluto at apex Ijcavcs whorled or scattered Stamens divergent 
Examples L bulbtferum h , L phUadelpktcuiii L, L concoior Salisb 
Section 4 Martagon Lilies with nodding flowers and strongly revoluto 
lierianth parts Leaves whorled or scattered Stamens divergent The 
'Purkscap grouji. 

Examples L martagon L , L chalcedomeum L , L hansoni lieicht , L 
amabtle Pahbin, L eemuum Komarov, L superbum L, L mUmottiae 
WAS 

Subgenus Cardinrnnum Heart-leaved lilies Bulbs monocarjno (flowering onlv 
once) , leaves loiig-petiolcd, ovate-cordate 

Examples L eordatum (Thunb ) Koidz , L gtganleum Wallich 

List of Lily Hybrids Arranged in Alphabetical Order 
of the Seed Parents 

Species names of the seed parents are followed bv the author of the name, the 
date (ho name was assigned, the section in which the species is ususllv placed, and 
the region to which the siK'cies is native Under the seed-parent headings are 
listed the pollen jiarents reiiorted to cross, named hvbrids, if any, in quotation 
marks, and sometimes comment on the results The practice of indicatmg a 
hybrid siiecies by inserting the sign of miiltiiilicatiuii (X) before the species 
name, as L X leslaceum, has been followed 
fjiBuin nnmlrtlc Palibiii, 1901. Martagon Chosen 
X L martagon Preston reports one success 
L. auralum Lindlcy, 1862 Archelinon Japan 

X L spenosum var melpomene=“L X hoveyi ” 

X Ij. spenosum (7) — “Mrs Anthony Waterer ” 

X L speeiosum Preston rejiorts success 
L. auraium var plalypnyllum Baker, 1880. Archelirion Japan 

X L spretnsum var magnificum=‘'L X parLmannt var haywardi" 

X L. spenosum var melpomene (?) — “L X Crimson Queen ” 

X L spenosum 8tout reports success 
L. auraium var rubromltatum Diichartre, 1870 Archelinon Japan 
X L, auraium Stout reports success 
L. bulbiferum L., 1763 Isohrion Eurojic 

X L. croceum (syn. L bulbiferum 8ubs]> crocrum) Griffiths reports one 
worthy hybrid. 

X L. X iKunbergianum (syn. L. X elegans) Bcrckmllllor reports many 
crosses. According to him the varieties tncomparahtle, erectum, grandi- 
Jlorum, mulliflorum, and Sappho of L X umbellatum of commerce arc 
referable to the cross L bulbiferum X L X thunbergianum. BerckmUllcr 
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further suggests that the name L umhdlatum shnuld be restricted to the 
progeny of this or^ and that a new name should lie created for those 
newer varieties of L X umheUalum of commerce that are referable to the 
cross L erocevLtn X L. X thurtJbergxanum 
L huMferum subsp croceum (Chaix) Baker, 1873 Isolinou Europe 
X L. coneolor Preston reports one success 
X L. dauncum Stout rcixirts success 

XL, daindt—“L X erMndt" L X crovtdt X L X crovu>ll%ae=“L X 
Golden King ” 


X L.X elegana = “L X Coolhurst hybrid ” 

X L. X elegann Preston and Stout nmort successes 

X L. tenutfohvm (syn L pumtlum) Preston reports two natural hybnds 
X L. X thunbergtanum (syn L. X eleganx) Bcrckmhller reports many suc- 
cesses and from the resemblance of the progeny to such newer varieties of 
Ij. X umheUatum of commerce as Gulden Fleece, Orange King, Invincible, 
Splendidum, Mahogany, and Vermilion Brilliant, he cousiders that a new 
name should be created for this cross, reserving the name L, X umbellnlnvi 
for the cross L bulbtferum X L X thunbergtanum 
X L ttgrtnum=“L. X mangiest” 

X L. v>tllmoUtae=‘‘Ij X cromolltac ” 

L canadense L , 1763 Martagon Eastern America 
X L grayt Stout reiiorte success 
X L. superbum Stout reports success 

X L. lenutfoltum (syn L pumtlum) Preston reports success 
L candtdum L , 1763 Jjeucolirlon Europe to Western Asia 
X L. chaleedontcum Griffiths reports promise 
X L parryt Grove rejxirts success in 1914 
X L X testaeeum Preston reports success 

X L X testaeeum Griffiths reports success but no hj bricls of promise 
L chaleedontcum L , 1763 Martagon Greece 

X L candtdum = L. X testaeeum, natural hybrid (1830?) It is generally 
agreed that L testaeeum is of this origin, but the exact time and jilace of 
origin are uncertain Hybrids closely resembling A testaeeum hai e been 
reproduced at least three times 
L coneolor Salisburi , 1806 Isolirioii China 

X L daurtctim'—‘‘Ij Xelegans” Bcrckmftller produced this cross and found 
the progeny conformed to the description of L thunbergtanum flchiiltes 
The latter ‘species is therefore presumably a hybrid and sinoiiMiious with 
L X ^gans. 

X L tenut/oltum (sjii L pumtlum) One success bj Van Fleet, aiiordiiig 
to Griffiths 


L dauncum Ker, 1809 Isohnon Northeastern Asia 

X fj croceum (syn h bulbtferum suXmp croccu/n). J8tout reports success 
X L. X elegans Stout reports success 

X L X thunbergtanum (Syn L elegans) Preston flowered seedlings 
X L X umbellatum Preston flowered seedlings 
L davtdt Duchartre, 1880 Martagon China 

X L pseudottgnnum (?) Preston reports success 

X L ttgnnum var fortune* Preston reports success (Probably L ttgnnum 
var dtplotd ) 

X L wtllmoUtae = “L X davmoUtae ” Preston states that the cross L 
davtdt (the sutchuenenxe form) X L uuMiacHinewas made in 1922 A num- 
ber of seedlings sent out as “Ottawa hybrids” were later called davmoUtae, 
which has resulted in lack of uniformity , 

L X elegans Thunberg, 1811 Isohnon hybrid Japan Not known wild 
^rckmUllcr has shown that L elegans Thunberg (syn L thunbergtanum 
Schultes) 18 a ^brid, L coneolor X L dauncum 
X L. croceum Preston and Stout report success 
X L dauricum Stout reports success 
Preston reports L X thunbergtanum X L dauncum successful 
L. grayi S Watson, 1879 Martagon Eastern United States 
X L. canadense Stout reports suewss 
L. hansoni Leichtl , 1874. Martagon Northeastern Asia. 

X L.X dalkansoni Preston reports success 
X L.X marhan. Preston reports success. 
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X L iiiaringon (fridiths reports iiitcrestiiiK sec'dlings 

X Ij martagon album "L X 8t Nicholas’’ Preston also reports success. 
X />. med&iimdcn (?) Stout reports success 

X L tenmfolium (smi. L pumilum) Stout rejKirts 42 polliuations failed, 
40 \ lelded capsules, oiilv ,i seeds germinated 
L henri/t Baker, 18S8 Martagon China 
X auralum 
X Ij ratuhdiim 
X L X pnucepn Msslling 

X fj regale Preston repoi ts success 

X L epc'ioRum 
X L. X tcelarcuin 
X L hgrttunn 

X L Icucaidhuiii \ai thloraeUr — “L X kewense” 

X “.t Asiatic Martagons” successful according to OrilTiths 
X Ij suirhuenense (?) Stout reports that plants from bulbs received from 
C P Horsford under this name Mere self-fertile and fertile with L will- 
iiiolltac pollen 

L iKiiiiholdttt Koivl and Ix'iclitl , 1871 Martagon Colifoniia 

{ “Frances Larrabee” 

"Mercer Girl” 

“Vaslion” 

L humboUlHi \ar blmmcnanum (Kellogg) Jephon, 1022 Martagon California 
X L humboldit \ ar iiMginJicuiii^ 

X L parryt (’) > Stout reiiorts success 

X L roczlx J 

L humbaldtn was Minj/iwytcBW Piird\ , 181(7 Martagon California 
X L X Amos Pern - “/< X glonoxum.” 

X L «toiit reports success 

X Ij pardahuum Kellogg “Cxrus Gates”, "Douglas Ingram’\ “John 
McLaughlin”, “Kiilshan”, "Sacajawea”. “Shuksan”, “Star of Oregon ” 
Theso arc all Fi seedlings from Griffiths’ crosses Further lines of gar- 
den iiicrit were expected from intercrossing and backcrossing these 
Ij kellaggtx Purdj’, 1901 Martagon California 
X L canadcnnA 
X L. humbnldH 

X L. parryx iFeeble fertilitx is reported liy Stout. 

X L parvum 
X L roctlx ) 

L lexrhlhnxx var maxxiiwmczxx (Regel) Baker, 1.871. Martagon Eastern Asia 
X Ij daurxcii ih \ar venusiumi balemannxae — “L X hornfordx" Griffiths 
also reports a hybrid worth introducing 
X L. ixgrxnum Preston reports one success 
X L. wxUmotlxae — ‘‘L X Maxwill ” 

L leucanlhum Baker, 1901 Ixmcolirion China 

X reo^”**** ^ Griffiths reports successful crosses, the first 

X L sargemxae J Promising hybnds 

L leixranthum var chlnraeler (Baker) Wilson, 1926 Lcueolirion. China 
X L regale ~ “L X cenlxgale ” 

X L. aidphureum (syii L myrxophyllum xar auperbum). 

L longxflorum Thunberg, 1704 Ijoucolirion Eastern Asia 
X L regale Preston reports one success 

L. X marhan (L, marlagon var album X L hansonx). The Netherlands, 1886 
X L. X dalhansonx I 

X Jj hansonx iPrestoii reports successes 

X Ij martagon var album) 

L marlagon L , 1763 Martagon. Europe and Asia 
X L. hansonx. Stout reports success 
L. marlagon var album Hort , 1880 

X Ij hansonx = “L. X marhan’’ The xaneties “Ellen Willniott” and 
“E J. Flwcs” were derived from “L X marhan ” 
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X L. holanderi 8. Wata. 

X L. callosum Sieb and Zucc. 
X L. camtoltcum Bernh. 


X L. gray* 8. Wats. I Grove reixirts successful crosses but no pro- 

X L. Uttofq* Purdy of no** 

X L marxlxmum Kellogf? 

X L medeolovles A Gray 
X L pardaltnum Kellogg 
X L mUmoUtae 

L martagon var dalmaltcum Elwes, 1877 
X L hanaont = “L X dalhanson* ” 

X L. medeolotdea = “L X Marmed " 

L martagon and varieties 

X L hanaont = “Backhouse hybrids” “Brocade”, “Golden Orb”, “Mrs 
R O Backhouse”, “Sceptre”, “Sutton Court”, etc 
L myrtophyUum var auperbum (Baker) Wilson, 1925 Lcucohrion Uiipcr 
Burma (Syn. L aulphureum Baker 1892 ) 

X L regale — "L X aulvhurgale ” 

Fj seedlings are also sold as “L X aulphurgale " 

L X aulphurgale X L X prtneepa = “Crow’s Hjbrid ” 

L netigAerrensc Wight, 1863 Leiicohnon. Southern India 
X L walltchtanum = "L X hurnharngnae ” 

L pardaltnum Kellogg, 1863 Martagon California, Oregon 

X h. humholdlt = “L X pardaholdit” “Dimsdalc variet\” is a selection 
from the hybrid 


Purd> believes that Luther Burbank’s hy- 
brids fall into these four grouiw, and an 
X L tcaahtnglontanum Kellogg additional uiitraccablo group Many other 

X L humboldtt species crosses were attempted but not 

X L parry* kept separated Some excellent types 

X L martltmum were produced but L brtrbankt, which 

bears the originator’s name, is “a non- 
descript medley”— Purdy 

X Ij columbtanum Considered protnising In Griffiths 
X L sunburn Successful but not promising — Griffitlis 
L parry* 8 Wats , 1878 Lcucohrion California 

X L humboldtt car tnagntficum = "L, X Amos Perrj ” 

X L pardaltuinn = “L X burbank* ” 

— “Napier’s varietc ” 

^ “L X Frances fell ” 

— “L X Peter Puget ” Groce states Ihm cross yields fine 

hybrids, some of which arc j ellow -flow ered ' 

X L parvum var luteum — “L X roemeri ” 

L parvum Kellogg, 1863 Martagon California, Oregon 

X L. pardoltnuml According to Grove these hebnds are attractive but lack 
X L. parry* / “staying poccer ” 

L phtladelphicum L , 1762 Isolirion Eastern North America 

X L daurtcum = “L. X phtldaurtcum ” Hkiiiiier discusses his recent crosses 
in a letter to Preston 


L. paeudoltgrtnum ('/). 

X L. callosum. Preston reports oi 
L pumtlum DC , 1813 Martagon 
Fischer 1812 ) 

X L martagon album=“L X 
“Golden Gleam” was originally 


no success 

Northeastern Asia (Syn L tenutfoltum 

Golden Gleam ” According to Grove, 
an authentic hybnd but has since been 


propagated be seed 


X L X elegana ^ 

X L martdgon 

X L. mart^on var Iprcgton reports sineessful crosses 

X L. regale ( 

X L. apenoaum 

X L. X teataceum ) 
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Claimed bv Theodore Albert 


X L chaleedoniciim 1 

X L. monadelphiim >Skiiiner reports successful crosses. 

X L. regale J 

L regale Wilson, 1912 Leueoliriou China 

X L. tenutfolium Claimed bv Theodore Albert 
X L auraltim 
X L candtdum 
X L longiflorum 

X L spectoeinn \ar nibrum I'ri'ston reports successful crosses. 

X /> X eiilphiirgale 
X L X testareiim 
X L. itgnnnm 

X^iL^safpuluie X L jcflafe scrdliiiK)}®^*""* ’‘‘‘I’"''*'’ 

X i X George (.' ('reelmaii 

X L lencanlhum 1 

X L X aitlphurgale) 

X L ....‘iitions possil.le successes 

L roezlt Regel, 1S70 Martagon California 

X L parnjt Grove rcH-ords a fine hvbrid of good constitution. 

X L colunilnanu/fA 

X L humboldli >.Stout re]>orts success 
X L parryt J 

L sargentxae Wilson, 1912 Leucolirioii (')ima 
X L Ixenryx = “L X aurehanenac " 

X L X aarelianeii-ae Debras reiwrts M>cdlings growing, also seedlings of 
“h X aureltanenae" selfed 

X L regale — LX pnnrepe (svii “L X amgale") First apjieared as a 
chance sei'dling J W Crow had some interesting sei'diings from the cross 
L X prxneeps X L X aalphnrgaU 
= “L X George C Crt'elman ” 

— L. X Pride of Charlotte This hjbrid is reported to come true from 
seed Preston and Stout also report him cssful c russcs 
X L X aurelianenae Debras reports success 
L apecioaum Thuuberg, 1794 Martagon .Japan 

X L aaratum Preston and Stout re])ort successes. 

X L candxdtuii 1 

X L henryx 

X L »S»«<«var „j,,„,„[l’re»ton reports successful crosses. 

X L X teslaceum 

X L ixgnnum ) 

X L txgrxnum sei-dling raised bv tlrovv did not reach flowering size. 

L speexosum var album Hort 
X L txgrxnum 

L, specioeum var magnxficum llort 

X L. speexosum war melpomene Remarkable hv brid Griffiths 
X L crosses were Bill cessful but secdhngs were lost Preston 

L. speexosum var rubrum Hort 

X L auratum = “L X parkmannx ” 

X L txgrxnum Preston reports earlv boedliiigs were lost. 

L superbum L , 1762 Martagon. Eastern North \merica. 

X L reports success 

L X testaeeum Lindl., 1845. This hybrid, L rhaleedonxcum X eandxdum, was 
first recognized in Gennany in 1836 and probably originated in the Netherlands 
about 1830 


Remarkable hv brid Griffiths 


X L. condt(iuTO= “White Knight ” Preston and Stout also report success. 

X L ehaleedontcum—"L X beerenst " Griffiths reports this cross promising. 



FLOWERS 


983 


L. iigrinum Ker, 1810 Martagon. Eastern Asia 

'' »■'“«) 

^>‘axtmoxmcn^"L y Itqnmax" Stout also reports 

^ j Preston reports siicwss Sloiit rejK.rts success with iwllcn 

of the Fi hybrid L Itgnnum X maxtmototczt 
X L. svtchuenense Stout reports success 
X L tnUmoUtae Preston has flowered seedlings 
L IxoTtnum var fortunei Ilort , 186« Preston describes a form of L tignnum 
referred to this variety by Wilson, winch is self-fertile In a recent paiier 
Preston names this form L ttgnnum “var diploid.” 

X L auratum In i 

X L letththm var 7iinx»mouitc«P^®®‘<'" reports sueccss 
L. X umbelUitum Hort , 1874 Berikniullcr considers that this form is a li\ brid— 
L bnUnferum y L.X Uiunbergtanuni (L X elegang) The name Z, umbeUalum 
has been used by Dutch hybnducrs for \arious lubrid lilies of the iioriEht- 
flowered ty^. ‘ ‘ 

X L. buUnJerum Griffiths reports one seedling of merit 
X Z/ ')(,wtllcrovtdi — **Jb X Fire Khik 
L tciUmofftae Wils , 1913 Martagon China 
X L X cromdi — “L X wiUcrondi ” 

X L dauncum b0i'dluig=“L. X Grace Marshall” I 
“L X Lila McCann” 


X L X eUgat 
X L damdt 
X L grayt 
X L. speciosum 
X L ttgnnum \ ar furluttex 
X L X umbellatum J 
X L ttgnnum 
X L paeudottgnnuiii 


^Preston reports siiccesscb 


>Stout re|)orts siicresses 


. , ^ farrert 

X L /Suocessful crosses reported b\ Skinner 

X L toaahtnglomanum} 


Genetic Studies on Ornament \i. Plants 
The utilization of genetic science in practical breeding of flowers is in its infancy 
The following brief survey indicates the scope of genetic work on ornamental 
plants It w ill be noted that the characters studied arc often of little floncultural 
interest, and that plants of minor ornamental value have received attention, while 
many flower favorites liave been nearly or whollv ignored The object of genetic 
research has been largely to extend knowledge of the operation of the laws of 
heredity. Ornamental plants have been studied chiefly because they offer easily 
recognizable characters, and because they are convenient to grow 

The material assembled here is necessarily brief. No claim to completeness is 
made. Those interested in specific plants will usually find further details m the 
original publications cited in the bibliography, which appears in the 1937 Year- 
book Separate, Improvement of Flow'ers by Breeding Beferenccs are indicated 
by italic figures foUovving the names of authors in parentheses Much of the 
literature up to 1929 is covered by Matsuiira (3S9), and up to 1930 by Warner, 
Sherman, and Colvin (S32) 

Abuttlon. (Klebahn, SOt ) _ ^ ^ ^ , u 

In crosses between Abuttlon slrtaium and A thompaont flower and leaf char- 
acters proved hereditary. A range of color shades in Fi suggested liybndity 
in the parents. The Fi proved largely sterile. 

"^^a cro^f ^uW^Lwored X single-flowered the F, was intermediate; the 
Fi ratio was 1 single 2 intermediate 1 double 
Amaranthua eaudatua L (De Vries, 530 ) 

The red-leaved type is dominant to the green 
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Anagallis arvfmns L (Henbcrt- Nilsson, 200, Weiss, 1>S8 ) 

Scarlet-flowered X blue produced scarlet flowers in Fi; in Fj scarlet and 
blue in no usual Mcudclian ratio Pink (nearl> white) X red-flowered j lelded 
red flowers in Fi; in Fi, 3 red • 1 pink-flowered 

j4nermme. (Hildebrand, 20^. Rosfn, 444 ) 

Dark-blue flower eolor (Anemone hepattca) X white (A nciiltloba) produced 
light blue in Fi Light blue (-4 angulom) X dark blue produced an intermediate 
color in Fi. Blue and red are doiniiiant to white Ri'd X white often \ lelded 
blue in Fi, and in Fj a ratio of 9 blue 3 red 4 white 

Antirrhinum calyciniim Lam (Saunders, ^02 ) 

Red corolla color is dominant to white, and glabrous stems and capsules to 
hairv In the Fi of red X while corolla, the red color is both diluted and 
retarded, i e , the flowers de\eloiied in later growth arc deeper red than earlj 
flowers of the same plant 

Antirrhinum hnpantcum Chav (Baur, S4, Filzer, Sirks, 4S4 ) 

In a cross between two self-sterile plants, the Fi was divisible into two classes, 
one fertile with either parent, the other with one parent only Filzer explaineil 
Baur’s data by assuming three genes for sterility, one of which was common to 
the two parents 

Antirrhinum mnjin L (Bateson, IH, Baur, 27, 2«, 2/>, 30, 31, S3, S3, 36, SO, 37, 
38, 39 Gairdner and Haldane, J40. Ilackbarth, 100. Hertwig, SOI, Herzberg- 
Frnnkcl, SOS, SOS Hiortli, SOS Kuckiick, 300 Saiilcscue, 44^. l^cbcrz,40S 
Bchieiiiann, 46O, Stem, 43S, 403 Stubbe, 4OO, 600, 601, De Vnes, 6S0, Whcl- 
dale, 641, 64s, 6>,3) 

Research has given iiiformation about some 200 genes in this plant Color 
inhentance is complex Wheldale interprets color expression on the basis <if 
at least seven interacting genes Baur adds to these a number of basic genes 
further cunditioniiig, inodifMiig, or iiitciisifx mg color expression Baur and 
his students and others ha\ c studied 111 a large number of mutants the inheri- 
tance of form of flower, form of and eolor distribution in leaves, and stem 
peculiarities Moat of these mutants, which appeared spontaneously in Baur’s 
cultures, are defective types, and all but one, “enspa” (conditioning wavy leaf 
margins), are recessive “Crispa” is dominant, distinctly deleterious in the 
heterozygous condition, and letlial when homozygous Mutations have been 
artificially induced m snapdragon bv treatments with radium (Stem), X-rays, 
ultraviolet light, and temperature shocks (Stubbe) Dwarfs and leaf defects 
arc common, all the induced mutants are inferior types In general the 
mutants are similar to spontaneous mutants but appear m higher frequencies 
Stubbe records the appearance of some mutants not observed previously, and 
Stem reports a tendency to gall formation induced by radium Baur found 
chemical treatment of stem tips iiicffective, and Hiortli obtained no gene muta- 
tions from heat-treated pollen grams 

Several instances of linkage have been determined m the snapdragon Gaird- 
ner and Haldane have reported a ease of balanced lethals, i c , two closely 
linked genes, each causing death of the individual when homozygous, per- 
mitting a heterozygous plant to breed nearly true, through elimination of the 
two homozygous classes. 

Antirrhinum species hybrids (Baur, 34, Bneger, 56, Gruber, 150, Gruber and 
KQhl, 157 ) 

Baur has studied the inheritance of fertility and sterility in several species 
of Antirrhinum A. ihanyezi, A moUe, A. glutinosum, A hispanicum, etc , arc 
fully self-sterile; a form of A. majus is fully self-fertile Crosses between self- 
sterile and self-fertile forms y lelded in Fj, 16 self-fertile 1 self-sterdo Gruber’s 
and Brieger’s results indicate that the inheritance of sterility is often more com- 
plex Gruber and Khhl found the radial (pclonc) flower character linked with 
genes for self-stenlity 

Aquilegia vulgaris L. (Baur, SO, 3S, Bneger, 64, Kristofferson, 304 ) 

On selfing a dark blue plant, Knstoflerson obtained a ratio of 9 dark blue • 
3 red : 3 light blues : 1 white Two genes were assumed, one having additional 
effects on plant color extension, producing self-color when dominant and white- 
margined when recessive Baur found two types of chlorophyll defects — 
“chlonna” (yellowish green) and “vanegata” were each monogenic recessive 
to the normal green Chlorina is also a monogenic recessive to variegata. 
Brieger found flower colors segregating in the pattern of 9 blue : 3 red : 4 white. 
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with modifying genes controlling intensity of color Snurle™ i 

by two polymeric dominants over spurred " determined 

“"d Schafer, 5, « Blarn.ghem, 61, Ska- 
Schafer found wide petals dominant over narrow and medinn, 
brids ^hey observed Ift^^rJennfliat^ml^rZm?^^^^ 

tv^ml’ ^ Thp^^^mroeaf’*’'' “ »'«• »>'ow8 both parental 

^®eS»anX " ^ ^^h ^ siti^a'^^rd 

ylrobis albtda Stev (Gorrens, 97 ) 

Gorrens studied three tvpes of ))ericlinal chimacras m this plant One tvne 
Icucoderinis'', is inheriled only through the female parent, not thro gl, the 
poUen (maternal inheritance), the other two types am Mendelian receslives 
Argemone. (Gorrens, 86, Meiiiiissicr, S44 ) 

X Ptt’e yellow A ochrolcuca vielded F, 
plants of intcrnicfliatc color A mexicana X A platycern» (white-flow cretn 
produced plants of intermediate type in F„ and in F, a new color tjpe and 
several new forms in other characters ^ 

Aru,m maculaliim L (Golgan, 77 ) 

raised 11 seedlings from a plant having black 8i)ots on the leaves- of 

these S bore spotted leaves, 6 lacked siiots » iuums, oi 

Aster trxpohum L (Fleining, l.tt ) 

Fleming reports that pun>le flower lolor is doiiiiiiant to pink and that pink 
18 aominant to white ' 

Airo^ belladonna L (Batoaon and Saunders, ) 

Differences in color of flowers, fruits, and stems, which distinguish the variety 
iWeo from the type of the sjiccics, showed monogenic inheritance 
Barbarea vulgarts R Br. (Anderson, 7, Dahlgrcn, 106 ) 

One type of variegation shows maternal inheritance only Another tviic 
differs from the nonnal green type by duplicate recessive genes Somatic 
segregation also occurs 
Begonia (Bateson aii<l Sutton, HO ) 

Inheritance of double versus single flowers showed irregularities not fuUv 
accounted for 

Bryonia dtotca Jacq (Jones and Rayiicr, H76 ) 

Absence of bloom on the berry proved to be a monogenic dominant to its 
presence In a cross between a variety with deeply lobed, rough, dark-green 
leaves and a variety with leas deeply lobed, smoother, and paler leaves, the Fi 
was intermediate, and new types appeared m the Fj population Number of 
carpels and number of vascular bundles m the stem were also studied 
Callistepkus (Fleming, ISl ) 

From the results of natural crossing it is inferred that purjile flower color is 
dominant to red, and red to white I^p pink is dominant to white 
Cani'Mnula carpaiiea Jacq. (Pellew, 403, 404 ) 

Blue flower color is a simple dominant to white, but irregular segregation 
occurs in formation of the pollen grains, so that 07 percent carry the gene for 
blue, and only 3 percent carry the gene for white Paler shades of blue are 
usually recessive to darker shades White or “patched” seedlings proved 
recessive to the normal green type. 

Cam^nula medium L (Gorrens, 87, Latbouwers, 309 ) 

The “hose-in-hosc” or “cup and saucer” type with petaloid calyx proved to 
be a partial dominant to the normal In Fj a ratio of 3 “hose-in-hose” 1 
nonnal appeared Latliouwcrs also crossed rose-flowered X white; the Fi 
generation was dark violet; in Fj segregation occurred in the ratio of 9 colored : 

7 white, the colored forms falling into the ratio of 0 dark violet : 3 violet : 3 
lilac : 1 rose-flowered This was interpreted on the basis of two complementary 
genes for formation of anthocyanin and two further genes for color singly con- 
ditioning blao and violet, and together producing dark violet, with rose the 
double recessive. 
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Campanula pertieifolta L (Bateson, 18 ) 

A dwarf form very distinct from the normal tj-pc m api>earanco proved to 
be a monoKenio recessive to the normal 
Canna. (Honing, SIS, 214, 818, 817 ) 

Honing studied the behavior of some 18 genes in Canna glauca, C. xndica, 
and in segregates from crosses between these siiecies The inheritance of red 
leaf margin is complex; in one cross the presence of three complementary genes 
was indicated, in other crosses monogenic and digenic ratios appeared A 
monogenic difference was found responsible for the deep scarlet flower color of 
C xndtea as contrasted with yellow flowers of C glauca Further studies of 
intensity of flower color, flaking in the flowers, etc , indicated that several 
genes were involved with ratios disturbed by linkages and lethal genes Other 
characters of staminodes, leaves, stems, fruits, seeds w'cro studied 

In crosses of Canna xndica and C aureo-mUala the proportion of red-margined 
leaves in the progeny is said to be influenced liv differential growth rates of 
pollen tubes of diffcniig genetic constitution, and also liv the constitution of 
tile plasma, so that reciprocal crosses may differ, particularly with respect to 
the proportions of plants with rcd-margined leaves The appearance of a 
giant type as a somatic mutation is recorded 
CaiUeya. (Hurst, 888, 823, 884, Revchlcr, 436, Rcychlcr and Kamerling, 437 ) 

In crosses of various Cattleva siiccics, rosy iiunile flower color proved domi- 
nant to white, with tw o complementary genes in\ olved Certain albinos there- 
fore produced colored forms on crossing Other albinos behaved as monogenic 
reccssives to colored The yellow color of Cattleya doxmana var aiirea Is reces- 
sive to the rosy purple color; yellow color in other cattlcyas is jiartially domi- 
nant to rosy puiplc Reychler mentions a collection of 176 seedhngs derived 
from a cross of two mutants of C labtaia 
Celosia cristala L (Kanna, 888; Kihara, 300, Terasawa, 307 ) 

“Mosaic” inflorescence (a mixture of red and yellow) yielded on selfing a few 
reds in addition to the mosaic type On selfing these reds a ratio of 3 red 
1 mosaic resulted Kanna also found red dominant to mosaic In his mosaic 
lines two types of bud variations were noted. A series of four multiple allels 
governs flower color (yellow or red) and stem color (green or red). Striping 
18 produced by a recessive gene, which may mutate to the dominant colored 
condition 

Centaurea cyaniia L (Mekel, .94/ ) 

A system of three genes is presented to explain inlientaiice of blue, pink, and 
white flower color 

Cheiranthug eheiri L. (Blarmghem, 60, Nelson, 388. Sirks, 461 ) 

The abnormal form Chnranlhv» chetrt var gynanthus, in which stamens are 
replaced by extra carpels and petals are much reduced, is a monogenic recessive 
to normal In flower color dark red and yellowish brown are independent 
monogenic dominants to light yellow; dark red is cpistatio to yellowish brown 
The spontaneous appearance of a female plant with stamens aborted is again 
recorded by Blarin^hem 

Cheltdontum xnajus L (Dahlgren, 104, Heijl and Uittien, 198, Sax, 467, De 
Vnes, 688, 689, 630 ) 

Doublcncss is recessive to singleness, but several degrees of doubling appear 
in Fj The laciniatc leaf type and the "miniAi” leaf type are independent 
monogenic recessives to the normal leaf type 
Chrysanthemum (Miyake and Imai, 388, Shimotomai, 470, De Vries, 688.) 

De Vries found yellow flower color dominant to white in Chrysanthemum 
roxburght. A hybrid, C marginatum (90 chromosomes) X C morifolium (64 
chromosomes), is highly fertile and appears to be established as a constant 
144-chromo8ome type; C decaianeanum (74 chromosomes) X C tndieum (36 
chromosomes) produced a stenie hybnd A clone with flowers vanegated white 
and m^nta, which occasionally produces pure white flowers, is shown to 
be a chimera. 

Clarkia elegans Douglas (Bateson, 17, Rasinusoii, 438) 

Four genes for color arc recognised; the order of dominance is purplish red, 
salmon red, light red, and white 
Clarkia puleheUa Pursh (Rasmuson, 438, De Vnes, 628, 630 ) 

Three genes for color are recognised; purple is dominant to purplish red; 
completely colored flowers are dominant to colored with white maigins, and 
colored flowers dominant to white. 
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Clitona ternatea L. (Rant, 4^4 ) 

Blue flowers are dominant to white; pelorio flowers to nonixilonc 
Coleus (Correns, W'4 ) 

A variegated form of Coleus hybridus, “albopiota”, is influenced by environ- 
ment, but probably is inlieritcd as a dominant 
CoUtnsta (Hiorth, S07, 200, 210, 211, Kasiiiiison, 4S1 ) 

H lorth found white-spotted leaves, rcd-nerve<l leaves, and white flowers to bo 
linked in CoUtrma btedor. Later he reported a study of 1 2 genes m this species, 
which fall into five or more linkage grouiM. The cross C Ineolor X C. barlsiae- 
folta produced a nearly sterile F,, which was further almost sh'rilc on back- 
crossing to either jiarent Varioii/j backcrosscs apcl Fj and Fs generations were 
neverthelesB producerl Two partly fertile tetraploids, larger than the diploids, 
were extracted, one from an Fj progeny and one from the progeny derived from 
selfiiig a backcross plant Rasmuson re|x>rts two coiuplemeiitary genes for 
flower color in C bicolor, one of these iude|)cndeiitly produces a red tinge in 
the stems, which is dilute in heterozygous condition He also finds that the 
occurrence of spots on the upper lip of the flower in C ttnclona is a monogenic 
dominant to the lack of spots Yellow variegated plants in this species are 
simple recessivcs to normal 
Coreopsis tinctoria Nutt (De Vries, 528) 

Yellow flowers are doniiiiant to brown (var hruunca) 

Cosmos btptnnalus Cav (Miyake, Imai, and Tabuchi, SfIS, 384 ) 

A gene for full coloration and a gene for crimson, each acting only m the pres- 
ence of a basic gene for color production, arejiostulatcd to explain the flower color 
classes crimson, pink, shaded, and white Basal blotch on the ligulate flowers is 
considered to be a monogenic doniiiiaiit to alisence of the blotch Tlio cliaracter 
"double ring” of color on corollas is determined by two conipleiiicntary genes 
The inheritance of jiollcn color atul an abtionnal flower type, “bracteoid", have 
also been studied. Linkage between two genes has been established 
Cypripedium (and Faphiopedtlum) (Hurst, 220, 222, 223, 22 J , ) 

Rose purple color is conditioned by two compleineiitarv genes, hence 
certain pairs of alliinos vield colored offspring on crossing A third gene pro- 
duces dilution of color when recessive 
Dahlia vanatnlts Desf (Ijawrenie, 310, 311, 312 ) 

The dahlia has been shown to l>e an octoploid, having eight times the haploid 
mimlicr of chromosomes, i e , a gene or its alleloniorph may be represented from 
one to eight times in a given individual The vcllow and ivory flower colors 
are both dominant to white, yellow showing tetrasoniiu iiihcntaiice, and ivory, 
disomic inheritance Magenta, purple, orange, scarlet, and crimson flower 
colors are the result of aiithocyaiiiii pignients showing over yellow and ivory 
flavonc ground colors Anthocyanin color apparently shows tctrasomic 
inheritance Ivory and yellow flavonc colors come from different ancestors, anrl 
the chromosomes bearing them <lo not pair Similarly the two anthocyanin 
color genes occur in two different quadrivalent sets of chromosomes Lawrence 
has also studied inheritance of a recessive albino flower type which is unstable, 
producing frequent somatic variation 
Delphinium ajacts L (Dcmcree, / 10 ) 

Demcrcc studied inheritance of two unstable (mutable) genes, rosa-aljiha and 
lavender-alpha, which frequently revert to their normal allels. 

Delphinium ortenlale Lose (Beckman, 48 ) 

One dwarf type (nana) is a simple monogenic rcccsbivc to normal A second 
dwarf (naiiclla) is also recessive, but shows irregular segregation Double 
flowers are nionogemcally recessive to single The abnormal “ranuncularflower” 
type of double is dominant to the common double Five genes for color are 
postulated to explain the inheritance of corolla color The wild color (rcd-violet) 
18 dominant over all other colors A case of linkage is reported. 


Dendrobtum (Hurst, 223, 224 ) /-i , 

Purple flower color is dependent on two complementary genes Certain 
albinos yield colored forms on crossing 
Dianlius barbatus L (Lilicnfeld, 324, 825 ) * 1 , , , 

In some varieties the flower color may change dunng the lifetime of the floWer. 
When crossed with normal types this condition was found to be dominant. 
Singles X doubles give singles in F„ and a ratio of 3 sinrfes to l^ouble in 
Fj Normal growth is also a monogenic dominant to dwarf. At present three 
hnkage groups have been established 
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DiarUhua caryophyUm L (Batchelor, 16; Connors, 81, Saunders, 458 ) 

White flowers are dominant to yellow, and red yellow flowers to red. A 
monogenic difference exists between the bullhead type (extremely double) and 
the single type; the commercial standard double is the heterozygous form. 
Dtgitahs gloxtntaeflora Hort. (Warren, 634 ) 

Nonpeloric is dominant to pclonc, purple to white corolla color, and purple 
spotting on the corolla to brown siiotting. 

Thgildlitt purpurea L (Haase-Bcssell, 168, 169; Kecble, Pellew, and Jones, 890; 
M^ake and Imai, S60; Saunders, 468, 469; Shull, 475 ) 

Conflicting reports exist as to inheritance of some characters These may be 
due to differences in the actual vanetiea studieil White flower color has been 
reported both as a dominant and as a recessive Some foxglove plants have the 
topmost flower of a distinctly different t\pe, which is called peloric This 
condition is reported as a simple monogenic recessive to normal It is also 
reported as very complex in inheritance 

Dtgilalta species hybrids. Buxton and Dark, fl6, Buxton and Darlington, 88, 
67; Hill, 206, Michaeha, S46 ) 

According to Hill, reciprocal F| Inbrids of Digilolitt purpurea and D lutea 
are unlike, and in each case the hybrid resembles the maternal parent in size 
of calvx and corolla Michaelis also found the F| iirogenv from 1) purpurea 
(.56 chromosomes) X f> Mea (96 chromosomes) unlike the reciprocal. The 
Fi chromosome number was 76 m the somatie cells D mertauensts (112 
chromosomes), a fertile tetraploid giant, arose from a i ross of the two diploid 
species D. purpurea and D amhigua (56 ihroinosoiiies in each) It forms only 
sterile hybrids with other species, both diploid and tetraploid Various h\ brut 
combmations of diploid species arc also sterile 
Dohehoi lablab L (Harland, 194 ) 

The climbing habit behaves as a monogenic doniinaiil to the bush habit 
Flower color, seeii-coat color, and plant lolor are closely correlated In the 
Ft of a cross between two white-flowered varieties, flower color segregated 9 
purple 7 white, and one of the white classes showed intermediate seed and stem 
coloration Tw o genes are assumed one determines purplish-brown seed coat 
and purplish hairs on the stipules, the other ls epistatic to the first and produces, 
together with it, purple flowers, black seed, and colored nofles 
jyracocephahm ihyrmtjlorum L (Dahlgren, 107 ) 

The variety paUtda (with white flowers, green plants) is a monogenic recessive 
to tho iypica form (with blue flowers and anthoevamn jn the idant) 

Epilobium anguslifnltum L (Correns, 88, 83 ) 

The white-flowered variety is a monogenic recessue to the red-flowered type 
EpUolnum htrsutum L (Przyborowski, 415, Stomps, 496 ) 

An abnormal type, "cruciata”, is a monogenic recessive to normal A 
monogenic difference was found between two t>pcs of spines on pollen grains 
EpiUHnum species hybrids. (Lehmann, 319, 380, 331. I,ehniann and Schwemmle, 
382; Michaelis, 345, 347, 348, 349.) 

Hybrids of most species of Epilobium other than Epilohinm parviflorum and 
E hirsvtum are reciprocally alike, but crosses involving the species mentioned 
yield reciprocally unlike hybrids Differences between the reciprocals are found 
in size of organs, including flower size, in pollen fertility, and m reaction to 
mildew The role of cytoplasmic inheritance in these ' differences has been 
intensively studied A giant form twice the normal size but With a diploid 
complement is described (388) 

EachschoUzia mexicana Greene (Uphof, 625 ) 

White flower color is a monogenic dominant to yellow, and white to orange 
Orange self-color is dominant to orange base on yellow ixstals 
Euphorbia pulchemma Willd (Robinson and Darrow, 439 ) 

The pink form of tho poinsettia is a ohimeral sport from the red. White is 
apparently a mutation from red 
Freena. (Morgan, 376 ) 

Several unusual types appearing from spontaneous hybridization are de- 
scribed 

Oaltopsis. (Hammarlund^ 193, Mflntzing. 380, 381, 383, 383, 384 ) 

In Oaleopats telrahil, immunity to mildew (Erysiphe labiatanum) is a mono- 
mnie recessive to susceptibility^ heterozygous forms show partial resistance 
MQntzmg has studied crossabihty, cytology, and genetics of species and 80 
biotypes. Tbneo groups of species do not intercross Ladanum, pubeacens- 
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spectosa, mrahit-btjida Five species hybrids within the subgenus Ladanum 
were produced A triploid that appeared in the F, of a cross G pubeseena X 
jr^ctMO gave rise to a tetraploid on crossing with G. pubeacena as pollen parent 
This tetraploid agrees clo^ly with G Utrahxt in appearance and in cytological 
and breeding behavior. Spontaneous G tetrakxt is Ijclieved to have arisen from 
the above species ni a similar manner On intcrerossniK pure lines of G 
Uirahxi, 14 combinations gave high fertility in h\ and 6 showed partial sterility 
Partial sterility is attributed to a Ictlial gene, which destroys all pollen grains, 
but only part of the ovules containing it In G Ulrahit and G bxfida, inher- 
itance of flower and stem color and rate of sterility have also been analyzed 
genetically 

Gardenxa fionda L (Capinpin, es ) 

Incomplete data on juhcntaiice of doubleiiess and fertility were obtained 
Geranxum roberhanum L (Dahlgren, 107 ) 

White flower color, ‘‘Iciicaiithnm”, is a monogenic recessive to red 
Oeutn (Dahlgren, 107, Marsden-Joiics, SSft, Rosdn, 4 /, 3, Weiss and Ro«^n, 539 ) 
The inheritance of certain characters has been studied in hybrids involving 
Geum species The presence of anthocyanin is a monogenic dominant to its 
absence. Large flowers were dominant to small and the F2 segregation indicated 
the presence of several genes Yellow was a monogen ic dominant to nonyellow, 

and red was dominant to nonred The experimental hybrid Geum urbanxim X 
G Txvale is indistinguishable from the naturally occurring G xntermedxum, the 
reciprocal cross was not successful Inheritance m G xntermedxum is often 
irregular 

Godelxa amoena Lilja (RaHiiiusoii 4SS ) 

Each of two tyjies of |>etal spots, on crossing with unspotted Godetxa whxtneyi, 
proved a monogenic dominant to the iinspott^ condition When intercrossed 
the Fi showed both tyiies of spot; in Fj, 1 “basal fleck” . 2 double spot . 1 
“querfleck” appeared Rasmuson suggests the two genes arc closely linked 
Double flowers arc dominant to single, but degree of doubleness is influenced by 
the petal-spot genes mentioned almvc 
Godelxa whxtnei/x T Moore (Rasmuson, 4!i9, 43S ) 

Crosses involving different flower colors showed the following monogenic 
dominants White over yellow-iiiargincd white, red over lilac, rose lilac over 
lilac, red-spotted over lilac, red over red-spotted, large spot over small spot, and 
light-margined red over pure red Single flowers are more or less completely 
dominant over double ones. 

Helxchryaum bracleatum Andr (Dambekatns, 109 ) 

Three genes affecting white and yellow involucre color are established 
Sulphur and orange are siniplc dominants to recessive white; the two dominants 
together condition gold The third gene, dominant white, inhibits expression 
of sulphur, orange, and gold 
Hxbxacua rosa-axnenats L (Mendiola, S4^t S4S ) 

Lobmg of seedling leaves was found to be a monogenic dominant to entire 
leaves. Self-stenlity appeared to be correlated with absence of lobmg Single 
flowers appeanng on normally double plants were self-sterile, on crossing with 
normal smgles they bred like doubles The occurrence of flower color sports is 
recorded 

Hxbxacua aabdarxffa L (Howard and Howard, 318 ) 

Eight genes arc assumed for color in corolla, calyx, pollen, stem, and leaves 
One gene may affect several parts of the plant, e g , a gene for r^ in corolla 
eye, pollen, leaves, and stem is a monogenic dominant to its absence 
HyacirUhua. (De Mol, S73 ) , ^ ^ 

Hyacinth bulbs X-rayed dunng flower formation may show somatic variations 
in flower, leaf, or pollen characters Somatic variation m flower color on a 
amglA flower stalk may be the result of mutations induced by changes in environ- 
mental conditions during flower formation 

Impatxena baUamxna L (Bedell, 44, Hagiwara, 177, Kanna, 380, 381, 384, »S6, 
Rasmuson, 485, 483 ) , ^ , 

At least three genes for flower color are known White is recessive to blue- 
red. and to blue. A donunant gene for intensification of flower color is also 
reported. In color patterns, white flecking on colored flowers is r«)ort^ by 
one investigator as a simple dommant to nonflecking; another repor^ it as a 
recessive. iTiere are two types of double flowers, the common and the camel- 
lia”. which latter is correlated with a dwarfish stature. Smgle is a monogenic 
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dominant to common double; but the cross single X camellia rave in F|, 9 single: 
3 common double. 4 camellia double In a recent study (by Kanna) 16 genes are 
recognized, 3 lying in each of 2* linkage groups, the others showing largely inde- 
pendent inheritance. Ten genes are concerned with flower color, 3 with flower 
type. Winged flowers, pelono double flowers, and 3 defective types — “white 
blotched”, “deficient”, and “fasoiated” — arc all simple iccessivcs to normal 
A nonhentable type of fasciation also occurs Striped flowers are determined 
by a mutable gene 

Ipomoea hederaeea Jacq (Pharbilttt n»i) (Hagiivara, 161, 16S, 18S, 164, 166, 166, 
167, 168, 169, 170, 171, 178, 173, 174, i7S, 176, 178, 179, 180, 181, 188, 183, 184, 
185, 186, 187, 188, 189, Imai, 833, 834, ‘■^36, 836, 337, 838, 339, 840, 841, 843, 
843, 844, 845, 846, 847, 848, 849, 860, 851, 868, 863, 86 U 866, 866, 867, 868, 859, 
860, 861, 862, 863, 864, 866, 866, 867, Imai and Kanna, 868, 869; Imai and 
Tabuchi, 870, 871, 878, Mivake and Imai, 361, 354, S58, 359, 360, 361, 
Miyazawa, 366, 366, 367, 369', 370, 371, 86 and Nishimiira, 460, U, 680, Yaina- 
giichi, 666, 567, Yasiii, 668, 663 ) 

In the Japanese morning-glory white flower is a monogenic dominant to 
colored. At least six different white types exist Some white X white erosses 
give colored in F,, and a 9 7 ratio of colored to white in Fi. A complex inter- 
action of complementary genes gives various white tyiies m combination with 
a variety of different colored tubes, stems, and set-ds Genes modifying color 
have also been studied The color of the inside of the tube seems to lie con- 
trolled by a complex interaction of genes The inheritance of vanous types of 
corollas has been studied, and the action of complementary and inhibiting 
genes reported Five abnormal flower types were all monogenic rcccssives to 
the normal. Five types of doubleuess have also been found to lie simiilo 
recessives to normal At least 17 abnormal leaf Upes arc also simple rcccssivcs 
to normal The literature of Ipomoea (Phnrbtlts) is more extensivo than that 
of any other plant discussed here, due to iiitcnsno studies of a number of 
Japanese workers w ith fundamental objectives Summary papers now appear- 
ing indicate that cultivated forms liavo arisen mainly through recessive muta- 
tions from the protot>)>e; of the 111 genes described, onlv 15 are dominant; 
70 genes have been located in 12 linkage groups (there are 15 pairs of chromo- 
somes); 21 genes are concerned with flower color; 20 genes affect form of the 
leaf; 10 chlorophyll defects showing genic inheritance and 4 showing plastid 
inheritance are recognized; 20 genes of low stability (mutable genes) have been 
described; a provisional map of 1 chromosome showing linkage intensity, and 
many calculations of crossing over between sfiecific gene pairs have apprared 

Ipomoea xmperxdht (Correns, 98 ) 

Two chlorophyll deficiencies, “chlorma” (pale green) and “albomarmorata” 
(white spotted), proved to be independent recessives to normal green. 

Ipomoea purpurea (L ) Roth (Barker, 18; Imai, 834, 847 ) 

Inheritance of flower color is controlled by interaction of several genes 
Plaking of petals is a dominant character hlowcr color and stem color arc 
intimately related Flower doubleness was found to be a monogenic dominant 
over singleness. 

Irxs, (Bliss, 63 Cohn and Carles, 78, Reed, 435, Simonet, 479 ) 

Observations on color m bearded ms show Mendelian inhcntance of brown- 
tipped beard, and colored leaf bases Simonet reports four species-hybrids 
not yet of flowering size Cohn and Carles find that only species having the 
same glucosidal reserve can be crossed. Reed has described an F| population 
of a cross between Irxsfulva and / folxoaa, obtained by selfing the garden vanety 
Dorothea K Williamson, a hybrid between these two species The Fi progeny 
showed a great range of color mcluding types with pure yellow flowers. 

Lamxum. (Correns, 101; MUntzing, 378, 386; Sirks, 488, 486 ) 

A jpelonc flowered form of Lamxum album was recessive to the normal, but 
the Fi ratio indicated five or more genes were involved Another type with 
protruding stamens was also recessive, differing from normal by four or more 
genes. Yellow pollen in L. hybridum proved to be a monogenic recessive to 
red pollen. A type with the lower lips of the flower reduced behaved as a 
monogenic recessive to normal in L. macuMum, A cleistogamoiis flower type 
in L, amplexxeaule showed a simple factor difference from open-flowered, with 
no dominance. In some species the summer annual habit (surviving only 
by se^) and the winter annual habit (surviving vegetatively) are modifiable; 
in L. purpureum an obligato winter annual type was found to differ gono- 
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LathyrvM odoralua L. (Batesoii, 17; Bateson and Punnett, SO, SI, SS- Bateson 
and Saunders, a.?; Bateson, Saunders, and Punnett, SA, Bateson, Saunders, 
Punnett, and Hurst, sri; Gregory, US; Punnett, m, 415, 41(1, 118, 4I!). 4S0 
Stone, 4Se; Thoday and Thoday, SOS > t t Jteu. 

In flower color the following mongeiiic differences were found, dominant 
genes being given first. White v cream, colored v white, purple v red, bright 
V dull color, full V dilute color, light v dark wings, purple v copper, purple v 
maroon Two identical appearing whites give a purple F,, and nine purple to 
seven whites in Fj A gene for bright color, one for full color, one for light 
wings, and one for purple act as modifiers for both purples and reds Other 
color patterns, as marbling and flaking, are either recessive or heterozygous 
and not fixable The four types of growth habit are tall, bush, cupid, and 
bush-cupid. Cupid X bush gives the normal tall A form with sterile anthers 
is a simple recessive to normal Punnett summarized the data on inheritance 
in sweet pea in 1924 More recently (1932) he has descrilied five linkage groups 
and two unassociated genes in Lathyrus, corresponding lo the seven pairs of 
chromosomes IStone reported a somatic mutation from the cupid type to noi- 
mal tall 


bulbtferutn X L sp (ft^rtnum bulbils again proved recessive Griffiths and 
Preston have listed successful species-crosses 
Ltnana (Correns, 91, 96, East, IIG, Saunders, 46S, Sirks, 484 ) 

Pink flower color in Ltnana is recessive to blue; orange color in the palate 
IS recessive to its absence Red X white-flowered L moroceana yielded blue 
in Fi; in Fj, nine blue three re<l’ four white. Orange color in the palate is 
dominant to its absence in L vulgana Data on inheritance of sterility col- 


to iionfleckcd 111 L brouasonneltt X perett. Four genes are concerned in de- 
velopment of flower color in crosses of L sapphtnna, L moroecana, and L 
reticulata 

Ltnum species other than L tmlaltaxunum (Correns, 09, Ilobiisch, SIS, 
Laibach, S07, 308; Tammes, 50i ) 

In Ltnum perenne and L auslnacum the long-stylerl type is a monogenic 
recessive; tho short-styled tyfie is heterozygous Sclf-fcrtility is apparently 
dominant to self-sterihty Several grades of self-fertility occur In L auatn- 
acum the difference between long and short style appears to be governed by 
more than one gene. Tammes has summarized the genetics of Ltnum up to 
19M. Hobusch was able to grow the Fi of L austrtacum X L perenne by cul- 
turing the normally noiiviable seeds on artificial media while still immature 
Studies of backcrosscs and later generations indicated that the proportion of 
good seeds is determined by degree of relationship of the parent lines 
iMxita. (Saunders, 495 ) 

An extensive scries of flower types from singles through semidoubles to full 
doubles with five perianth whorls and no stamens occurs m Lobelta Full 
doubles are stenle, singles arc pure-breeding, but genic analysis of semidoubles 
is not complete 

Lunarta annua L (Correns, 89) . 

The white-margined leaf type, “albomarginata", is a mongciiic recessive to 
normal. _ 

Luptnua anguattfohua L. (Fruwirth, 138, Ilallqvist, 19S, Kajaiius, 276, Roemcr, 
440, 441 ; Sypniewski, 60S; Vestergaard, 626, 627) 

In flower color, monogenic differences were found between blue ^d white, 
blue and red, and red and white Some crosses between red and white, how- 
ever, gave a blue Fi, and nine blues : three reds four whites in 
Luptnua species other than L angushfoltua (Burlingame, 63; Kajanus, 276, 

^^In Luptnua luteua the black-see<led type is a monogenic dominant to wav 
In L. mxUabtlta blue flowers proved monogenically dominant to white. Work- 
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ing with L. apricus var vaUteola, L piperamtthx, and L. nanus, Burlingame 
found a white-striped flower type, which segregated into dark blue, white- 
striped, and white. This was interpreted on a single gene basis, the white 
striped being the heterozygous type. Light-blue flowers were mongenically 
dominant to dark-blue. Dark seeds are associated with dark-blue flowers 
but probably not determined by the same gene. . 

Lychnis (including Melandnum and Viscana) (Akerlund, i; Bateson and 
Saunders, SS; Baur, SO, Clorrens, 85, Sliuli, A73, ^.76, Jt77, 478, Tjebbes, 

SIS; De Vries, BS8 630, Wingc, 548, 540 ) 

Lychnis siieoies are normailv dioecious, having the male and female flowers 
on separate plants Much of the genetic literature concerns the technical 
problem of sex inheritance Constant-brocding hermaphrodites are main- 
tained by a system of balanced lethals Purjile flowers are dominant to wliite 
Broad leaf is a monogenic dominant to narrow leaf; it is also apparently 
sex-linked. Cliloropliyil deficient t\ lies are recessive to normal green Winge 
(549) reports that “aurca", a cliloropliyil defective, is a sex-linked recessive, 
restricted to male plants liccaiise it is lethal where homozi goiis “Variegated”, 
another chloroplij 11 defect, is limited to female plants Akerlund found Melan- 
dnum album more winter hardv than M rtibrum. the F, intermediate Back- 
crosses to M album were more hardy when the nvlind was the pollen parent 
than in the reciprocal tiackcross Tjeblies recognized four recessive tvixis — 
“broom growtli", “rolled corolla”, “transiiarent corolla”, and “biennial type”, 
isolated from iulireeding garden strains of Vtsraria (Lychnis). 

Lylhrum saltcana L (Barlow, 13, 14; East, 119, 113, 114, HB; llbisch, 521, 
523) 

The st^le8 of this speiies occur in three different length classes Genetic 
investigation lias Ixicn largely concerned with inlicritancc of stjlc length A 
two-factor h\pothe8is failed to account for certain inidstvle types, and a 
balanced lethal hyiwthcsis at present seems most tenable (East, 115) 

Malone tnfida Cav (Ilasmuson, 478 ) 

A w hite-flow'ercd tyix* proved to be a monogenic recessive to red-flowered 
Matihiola inrana (1/ ) 11 lir (Bateson and Saunders, 23, 24, 25, Correiis, 83; 
Fisher, ISO; Frost, 134, 135, 138, 137, Goldschmidt, 1 U, Kappert, 888, Lesley 
and Frost, 323, Muller, 388, Pliilp and Iluskins, 4O8, Saunders, ^1, 454, 455, 
458, J^57, 480, 481, 453, 48i, Snow, 488, 489, Tschennak, 518, 519, Wadding- 
ton, 531, Winge, 550 ) 

A cross of rose X white gave a purple F, and a trigcnic segregation of 27 
pale purple 9 deep purple • 9 rose 3 deep red 16 white in Fj There arc also 
genes that dilute the colors Two genes are necessary for the production of 
anthocyaniu, if one or lioth arc absent, the flower is uncolored There is also 
a gene converting ail reds to purple, and another causing tlie difference between 
the pure and dull color Cream is duo to pigment m the plastids. It behaves 
as a monogenic recessive to white Doubleness is recessive to singleness (for 
discussion of tins question, see section on double-flowering stock) Earliness 
in blooming is dominant to lateness as is open growth liabit to compactness. 
Saunders has summarized the published data on bieeding of stocks to 1928 
Meconopsis camhnea Vig (Saunders, 458 ) 

Doubleness is dominant to singleness, a single gene being involved 
Mimulus (Broiek, 58, 57, 58, 59, 80, 81, 82 ) 

Inheritance of several characters in Mimulus quinyuevulnerus, M tigrinus, 
and M. tignnmdes has lieen studied Distribution of color spots over the entire 
petal surface behaves as a monogenic dominant to siiots limited to half the sur- 
face Single flowers are dominant to doubles, two genes being able to inhibit 
the double condition entirely or partly. Plants with a terminal flower differing 
from lower flowers showed dominance of this character. Two genes concerned 
in flower color have been established in M cardinalts One dotennines develop- 
ment of yellow plastids, the other anthocyanin sap color 
Mtrabtlis lalapa L. (Baur, 88, Correns, 84, 85, 88, 89, 90, 92, 93, 94, 98; Kanna, 
28^ Kieman and White, 299; Marryat, 332; Bho waiter, 471, 472 ) 

Flower color inheritance in Mtrabtlis shows many cases of intermediate 
hybrids that cannot be made pure. White X yellow gives pale yellow in Fi and 
one white : two pale yellow : one yellow in Fj. White X crimson gives deep 
magenta, and yellow X crimson, orange red, m a 1 .2' 1 F2 ratio in each case. 
White X crimson, and white X yellow both give magenta rose in Fi, and a very 
complex Fj White X white gave white Fi and Fj In one instance two whites 
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gave colored J. types The striped varieties are all heterozygous, segregating to 
self colors and staped in J In otlier characters tall is doniinant t^llf dw^ 
and to dwarf. Half dwarf is dominant to dwarf Kaiina and Sliowalter inde- 
pendently interpret flower color expression on the basis of two scries of multinlc 
^Icls, one senes governing base color, the other modifying color expression 
Mutable genes arc found in each senes Hhowaltcr describes a mutant growth 
type, “box , winch is a monogenic recessive 


Myosotts. (Chittenden, 71 ) 

TVo genes for flower color arc assumed Pink is dominant to white and blue 
IS dominant to pink 


Nemeata alrwnosa Benth (Riley, 43S ) 

At least four intrastcrilc, iiitcrfcrtilc lines occur in this sclf-stcnle sijccies 
NemoT^ila atomana Fisch and Mcy (Chittenden, 70 ) 

Three genes are postulated to explain inheritance of flower color (lilac, black, 
red, pale brown) and four other genes for inheritance of color distribution 
Apparently lilac is dominant to black, black to red, and red to pale brown 
The spotted flower coloration is a monogenic dominunt to full-colored 


Nemophtla tnatfltus Brand (Chittenden, 70 ) 

Blue flower color is dominant to mauve and to white Mau\c X white pro- 
duced blue flowers in F| 


Nemophtla hntflora Fisch and Mey (Chittenden, 70 ) 

At least three genes for flower color and color distribution arc assumed 
Pale-blue flower color is a simple dominant to purplish blue, and spotted eye 
(spotted with black) is dommant to full black eye, the two genes showing 
independent inheritance One or two basic genes for flower color are also pos- 
tulated Black spotted leaves are determined by a single gene, the recessive 
condition being white spotted leaves 
Ntgdla damaacena L (Toxop6us, 514 ) 

Ixmg stems arc dominant to the dwarf form Crosses between yellow vane- 

f ated and green plants give green in Fi, and 3 green to 1 yellow vanegated in Fi, 
ingle flower was a simple monogenic ilominant to normal double A second 
double type was dominant to single, and in Fi no single plants appeared In 
studies of color inhontance, colored was dominant to ivory white, blue to violet, 
and dark blue to pure white 
Nytnphaea (Anonymous, 1 ) 

A dominant white is reported 
Odonlogloaaum (Hurst, SSg ) 

Blotched flower is dominant to sclf-colurcd, and >ellow-flowcrcd to white 
Orchidaceae. (Colmau, 79, Godfrey, I4S ) 

Two lists of successful orchid hybrids, including mtcrgcnic hybrids, have 
appeared. 

Oxalta comtculala L (Noliara, 394 ) 

Purple in leaves and in the eye of the flower is monogenically dominant to its 
absence. 

Oxaha rosea Jacq (Ubisch, 523, 623, 624 ) 

Two genes for flower color are recognized, one producing light rose when 
present in the dominant form, and with a second gene, rose color; white is the 
recessive. Three genes for style length are assumed; each of the two genes for 
flower color shows linkage with one of these 
Oxalta valdtvtana Hort (Barlow, 13, 14, Ubisch, 624 ) , ^ tt. . 1 

The mechanism of inhcntance of style length is, according to Ubisch, similar 
to that 111 Oxalta rosea 


Paeonta. (Saunders, 44 ^ ) 

Twenty-mne hybrid strams have flowered -An h 1 population from the cross 
Paeonta aUnflora X macrophyUa has matured Two abnormal strams and 
a few types of ornamental v^ue have appeared 

rhoeaa (^cker,^4«, Ncgcxii, 387, Newton, 389, Philp, 4O6, 407. 

A white' ^gin^ofth^litala is dominant to its ajisence Seven^nM fw 
flower color have been isolated and belong m three linkage ^oups. Nine genes 
are established by Philp U07) Doublcness is determin^ by sever^ genes 
Albinism is a simple recessive to normal, and is indep^dent of flower color. 
In hJtadeTof Ph^rer rhoeaa and P eommutatum the characters of the latter 
species are largely dominant 
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Papaver somntferum L (De Vrios, SIS8, 630, Fruwirth, Hurst, 2S1: Ishikara, 
Kobetsu, and Kodma, *73; Kajauus, £78, £79; Kasaeva, £87, Leake and 
Prasad, SIS, S14; Miyake and Imai, S6S, 356, 366 ) 

The basal spot on petals is dominant over its absence. Color in the petal is 
dominant over white, and purple is doiiiinant over red. When forms are 
heterozygous for color genes they usually produce progenies with considerable 
variations in intensity of color Other color genes have been studied. In plant 
size, large is a simple dominant over small, and nonstniicd petals over striped 
Other simple dominants are single over double flowers, and laciniated over 
entire petals The cross Papaver somntferum X bract ealum was successful; 
the reciprocal produced no viable seeds The Fi plants were perennial, very 
variable, including some monstrous forms Fi plants were obtained 
Pelargonium zonale WiUd (Ballard, fl, Baiir, SO, Moneneff, 373, Hoack, S9£, 
393, Roth, 446 ) 

Inheritance of doubleness is incompletely analyzed, singleness is regarded 
as dominant A goldcn-lcavcd type, “aiirea”, is a heterozygous form, segre- 
gating on selfiug into 1 normal green 2 “aurea” 1 pure >ellow The pure 
yellow dies m the seedling stage or earher Tlie “freak of nature” variety, 
the leaves of which have white centers and green borders, is not a chimcral 
type This leaf character is mhcritcrl through iioth egg and pollen. The 
chemical nature of dominant rose-pink and recessive salinon-piiik flower colors, 
and of other colors, u interpreted by Moiicrieff 
Petunia vtolacea Lindl (Ferguson, 126, 127, Frost, ISi, Harland and Atteck, 
196, KostofT and Kendall, 302, Malinowski, 328, 329, 330, Malinowski and 
Bkalihska, SSI, Matilda, 340, Moore and Haskins, 376, Rasmiison, 438, 
Sachs-Skaliiiska, 44^1 4S^> Saunders, 460, 466, Savcili, 466, Terao, 6O4, Terao 
and Nagaharu, 606, Terao and U, 606, Tjebbes, 610, 611, Ubisch, 622, West- 
gate, 640, Yasuda, 669, 660 ) 

Color inhoritanco was mostly simple monogenic witli violet dominant over 
rod, also over lilac, tlnifonn coloring is dominant over green-edged flowers 
Violet red X white gave an intermediate F|, and a 1 2 1 ratio in Fa Other 
colors were more complex Doubleucss exists in a wide range of degree. It is 
caused by stamens becoming petals Singles X singles give all singles. Singles 
X doubles give all ratio Doubles X doubles give about 3 doubles to 1 
single. In Petunia axillaris and P vtolacea, the progenitors of the cultivated 
lictunias, four pairs of genes determine pollen color The white flower color 
of P, axtUarvs was inherited as a recessive m a cross with a royal purple garden 
form, but tlie parental punile was not recovered in Fa. Both P axiUaris and 
P. vtolacea are usually self-sterile, and tho Fi is only iiartly fertile. Garden 
forms are sometimes fertile, but several grades of self-stcrility also occur 
Harland and Atteck (183) interpret self-sterility on the basis of four multiple 
allcls By bud pollination they were able to self four normally self-sterile lines, 
flnding one homozygous lethal, one dwarfed, the other two normal in appear- 
ance. One or more variegated types show irregular inheritance Mutations 
have been induced by X-rav treatment of seed and of flower buds Some 
garden petunias are tetraploid, showing irregular liehavior on crossing with 
diploid varieties Petuma pollen has brnn shown to stimulate fruit formation 
in eggplant (Solanum melongena) , but no seeds are formed. 

Phaedta. (Chittenden, 70 ) 

Two species, Phacdia parryi and P whUlavta w ere found to cross roadiiy and 
furnish fertile offspring. Purple flowers proved dominant to bicolored (purple 
limb and white tube) , and bicolored dominant to white. A recessive giant type 
was found m P. parryi, and a recessive entire-leaved form in P whdlavia var 
alba. 

Phlox drummondit Hook. (Flory, 132, Gillicrt, I4I, Kelly, 291, 293, 293, £94, 
296, £96, £97, KeUy and Wahl, £98 ) 

Five genes are assumed to account for the Inheritance of flower color by 
Gilbert (141) Kelly interprets flower color according to a seven-gene scheme. 
Cream-yellow is a monogenic recessive to white A semidouble type is appar- 
ently influenced by more than one gene. Salver-shaped corolla is monogenicaliy 
dominant to funnel-shaped Entire petals are due to one gene: the recessive 
form is deeply cut, and the heterozygous form is the "fimbnata’^ type. Style- 
lessness and fasciation are each monogenic reccssives to normal. Attempts to 
cross Phlox pantculala with P drummondit yielded infertile Fi progeny; P. 
divaricala X drummondit produced an F| that developed a few seechi (162). 
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^ v'^m' 530)”*"'’’ Ostcnfeld, S09, 400, 401, Dc 

*" f "*«!«>"*“« caeruUum m moiioKenically dominant to 
white, pinnate leaf form to bipinnate, normal petal to Hinall narrow petals, and 
normal green l^vea to the pale green (cliiorina) type Both the blue and the 
white flower colors of P. cawuleum proved dominant to the yellow of P flavuvi 
m h I, but th^ interspecifio hybrids were sterile P mexteanum X paun- 
florvm yielded mtenncdiate forms in F„ with complex segregation m F, and 
later operations, most of the segregates proving fertile The reciprocal cross 
yidded no iwed, possibly because P paiunflorum styles are eight times ns long 
M those of P . mexteanum. Crosses of P coeruleum with P carneum and with 
P. filxcxnum yielded only sterile plants m F| 

Portulaea grandtflora Hook (Blakcslcc, 47. Blakeslce and Avery, 40. Kiiomoto, 
118, 119, Ikeno, gg8, gg9, gSl, 232, Okura, 398, Tjebbcs, 309, Yasiii, 561 ) 

Color of floral parts and vegetative parts arc correlated with each other 
The interaction of five genes for color has licen studied One special white race 
IS a dominant white with a recessive lethal effect Pure whites of this tj jie are 
not produced When selfcd it gives two special whites to one normal white Aliout 
one-fourth of the seeds from sclfing special white are nonviablc. Mosaics on 
the corolla arc heterozygous A Mendelian analysis has not been made 
Doublcncss is a simple dominant to singleness Dwarf type is a sinijile reces- 
sive to normal. This gene reverts to normal fairly frequently Dwarf plants 
bear normal branches, and vice versa Ikeno reported that iiilicritancc of 
purple-spotted flowers did not conform to Mendelian theory The b|)ccics is 
normally self-fertile, but Tjcbbes found a wlf-sterilc variety within which two 
sclf-stcnlo but cross-fertile groups occurred Okura identified as haploids 
three dwarf individuals from Fi and F> generations of a cross Those pro- 
duced an occasional normal diploid on being pollinated with normal pollen. 
PolenltUa (Mflntzing, 379 ) 

Constancy of biotypcs within several species of PotenttUa is due to perfect 
pscudogamous maternal inheritance Pollen is not functional, but pollination 
of emasculated flowers is necessary for setting of seed 
Prtmula (Altenburg, 3, Bateson and Gregory, 19, Buxton, 64, Chattaway and 
Snow, 33; Chittenden, 70, Correns, 102, Dahlgrcn, 103, 108, Ernst, 121, 122, 
123; PYimmcl, 133, Gregory, 147, 148,149, Gregory, Dc Wanton, and Bateson, 
ISO, Heinricher, 199, Huskins, 227, Kccblc and Pcllew, 288, 289. Marsden- 
Jones and Turnll, 337, Pellew and Durham, 406, Raunkiaer, 434, Sansomc, 447, 
Somme, 491, Ubisch, 623, De Winton, 661, 662, 663, 564, De Winton and 
Haldane, 663, Zollikofer, 664 ) 

According to Frimmel (133), three pigments occur m flower colors of the 
garden primrose — anthocyanin, carotin, and anthoehlor yellow, 260 color tones 
are recognizable Carotin inheritance is monogenic, anthocyanin is digenie, 
wuth a factor for red and another for blue, the two together developing a bluc- 
violct; white is recessive Colors approaching black result from association of 
the gene for carotin with the two anthocyanin genes Hctcrozygotcs are ex- 
pressed as various color tones Four forms of the “eye” of the flower in Pnmula 
etnensts are known Small eye is a monogenic dominant to large eye, and white 
eye acts in varymg degrees as dominant over both small and large eyes A 
fourth type, large greenish eye, is a monogenic recessive to normal Two 
types of doubleness occur. Each is a monogenic recessive to normal. In 
several species of Prtmula normal forms have short styles with anthers borne 
above the stigma, or long styles with anthers at a lower level These are self- 
sterile. Crossover types with long styles and anthers at the higher level and 
short styles with anthers at the lower level are infrequent but self-fertile The 
short-style type is a simple dominant to long-style, except in P. horientts, in 
which two genes are assumed In P obcontca fertility is lower when forms of 
like stylo length are crossed than when unlike lengths are crossed In P. 
hortenets and P acaults fertilization of normally incompatible forms was ac- 
complished by pollinating stubs after removal of styles In crosses of P 
juliae with P. acaulie and P elaitor, F, and backcross data were ^itained; short 
styles were dominant over long, orange over yellow eye In P vulgane one 
recessive gene is responsible for various defects in floral organs A white- 
I^^n^feaf type is^recessive in P malacotdes In P offimnabe a defective 
type with five extra pistils and no stamens is a simple recessive Genetic analy- 
sis 18 most advanced in P. stnensts, in which 26 pairs of genes and 2 sets of 
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multiple allels are recognized Fifteen of these genes have been located in 
four chromosomes On selhng P kewentu, a tetraploid species, and several 
types with respect to style length, fertility, greening in the corolla, and double- 
ness were obtained, but the parental types were not recovered. Other tetra- 
ploid forms which appeared in progenies of diploid P. sxnenais, proved less 
fertile than the diploids. Only two of seven genes completely dominant in 
the diploid, proved completelv doniiiiant in the tetraploid, i e , when one domi- 
nant ^ne and three recessives were opposed A technical study of linkage in a 
tetraploid has been made 
QttamoclU (Nohara, S96 ) 

Two flower colors in QiMmoelit pennaia differ by a single gene, without domi- 
nance Stem color may bo dcterimned by the same gene The Fi of Q coc- 
etnea X Q pennaia is intermediate and sterile, altliough Q alolert, a fixed race, 
18 believed to have arisen from such a cross 
Ranunenlua. (Marsden-Jones and Turrill, SS4, Ragiomen, 4SS ) 

A double, large-flowered form is reported as the result of selection from 
Ranunculus astaltcus. Studies of inheritance of color, sox, and sterility in 

R. aerts and R. bulbosus have not reached satisfactorv analysis 
Reseda odorala L (Compton, 80 ) 

Orange-red pollen color a]>pear8 to be a monogenic dominant to yellow, and 
sclf-compatiiiility has the same relation to self-incompatilulitv 
Rhododendron (ikeno, 830, Mivazawa, 368 ) 

In studies within the species Rhmlodendron tndtenm (Azalea tndtea) and in 
crosses of this species with R stnense, single flowers were monogenicallV domi- 
nant to double, self-colored flowers to variMated, and short stamens to long 
The prostrate habit is recessive to upright Flower sue and leaf breadth showed 
Intermediate conditions in Fi The hose-in-hosc type in R tndteum var 
kaempfen was interpreted as a dominant heterozygous fonn, the pure recessive 
being the normal t>'pe The apctalous form (petals replaced by stamens) is a 
similar case but two genes are involved, the ai>etalous being heterozygous for 
both, and the normal type doiilile recessive “Polvixstala” (petals separate 
instead of united) is a domiiiant heterozygous form, showing a single gene 
dilfercnce from normal 

Rosa (Erlanson, 180, Godfrey, 14.3. Hurst, 88S, 826 ) 

Incompatibility and sterility present* serious diflicultics in rose breeding 
Hurst and Erlanson have shown that extensive polyjiloid senes occur in roses 
Hurst found 377 diploids and 629 poKjiloids in 1,006 species and forms of Rosa 
examined. Ho considers that five diploid species fundamental to the genus have 
given nse to many other species in various polyploid combinatioiiB The hybrid 
tea. roses are chiefly tetraploids, and tnploid forms also appear among garden 
hybrids Pcntaploid, hexaploid, and octoploid forms arc also found in the genus 
Rudbeclna (Blakeslee, 

Two forms with yellow 'disks were distingiiishalilc by treatment wuth potas- 
sium hydroxide, one turmng black, the other yellow On crossing these two 
yellow types, purple (norm^ type) appeared in Fi, and in F,, 9 pun>Ie 3 
“black-yellow" ; 4 “r^-yellow 

Salma (Bateson, Saunders, Punnett, and Hurst, 83, Blaringhem, 68: Hrub^, 
819) 

Pink flower color in Salma hnrmxnum is a monogenic dominant to white, while 
violet IS the result of interaction of the gene for pink with a second complemen- 
tary gene which Ims no effect (i. e , white) when present alone In the course of 
SIX generations of selfing of S pralensis (normally hermaphrodite and blue- 
flowered), decreased vigor and fertility, and segregation of types with white 
flowers, female flowers, mosaic leaves, etc , were oh^rved Attemiits to cross 

S. nutans w ith tS junscict have thus far failed, but selfing of a supposed natural 
hybnd yielded parental types and an intermediate type like Fi 

Saponana ocymotdes L (Meunissier, 344 ) 

A large, pink-flowered type was found to be dominant to a small white type 
in Fi. 

Saxifraga. (Marsden-Jones and Tiirnll, 336; Whyte, 647 ) 

Sem/raga poUemensts is a tetraploid derivative of the cross S. rosacea X 
granvlata. Its breeding behavior is uniform 
Seneeto wlgarxs L. (Trow, 616, 616, 617 ) 

A scheme of at least 12 genes has been formulated to explain inheritance of a 
number of differences existing between various named types ci this species. 
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T^e characters studied include type and color of heads, incision of rays, color 
Se^re^iiuid' ^ instances of linkage 

Silew (Comns, 91; Mai^en-Jones and Tumll, S36, SS8, De Vries, 618. 630 ) 
Pigmented flowers m Stlene armena are dominant to white. On crossing white 
X rose flower color Correns found a monogenic relation, m which white and 
rose are pure breeding forms and the hetcro/ygote is red This red type was 
like the wild form in apjiearance, but the latter was found to be a pure-br^iiig 
red o. wlgarta showed segregation for various characters on sciriiig ^grcga- 
tion was noted also in the progeny of a cross of this siiecies with S rmntima A 
type with defective petals proved to be a simple recessive to normal 
Stsynnehium angusttfoltum Mill (Miyake and Imai, 362, 367 ) 

On crossing a self-colored purple with a wlute with purple eye, a monogenic 
relation was found, the self-colored proving to be partially dominant 
Tagetea erecta L (Punnett, 4^7) 

The double flower is a monogenic dominant to single, and the flat type of 

floret to the tubular, the two characters showing iiidepei ■ ' T 

or more genes are apparently concerned in the difference lictweeu deep orange 
and lemon-yellow flower color 
Tetragonolobus purpureua Moench (Nilsson, SOI ) 

Yellow flower color is a monogenic recessive to red 
Tropaeolum majw L (Correns, 88, Kyster and Bui]Jce, 126; Rasmiison, ^7, 432.) 
MonoTCiuc differences were found between dark-yellow and light-yellow 
flowers, between red aiithocyaiiiii and its absence Variegated flowers arc 
dominant to self-colored The climbing type is a monogenic dominant to the 
dwarf type Dark-green leaf color is determined by two genes Two defective 
types, pale green and white-spotted leaves, each proved to Ixs simple rcccssivcs 
to normal green and showed independent inheritance Doubleness and fra- 
grance arc moiiogemc recessivcs “Super-double” is dominant to both single 
and common double. 

Tropaeolum siiccics hybrids (Fischer, 129, Warren, 636 ) 

On crossing Tropaeolum majus X T mtntu, red flower proved dominant to 
yellow, green leaf to variegated, and tall stature to dwarf. The gene for stature 
was partially linked with that for leaf color. In the hybnd between T. minus 
and T veregnnum, known as T pinnatum, red pigment in corolla and stem 
proved dominant to its alisence, and the relation ap]>earcd to l>c monogenic. 
Tultpa. (Hall, 190, De Mol, 372) 

So-called “thieves”, narrow-pctalcd forms, arc probably mutant forms in 
tulip varieties They also occur in tulip bulbs X-rayed during flower formation. 
Venxdxum X Arctotxs. (Warren, 638, 637 ) 

A natural hybnd, Venedtum loyleyt X Arctotxa atoechadifolia var grandts, was 
largely intermediate between the parents but taller and bulkier In Fi no clear 
segregation occurred, but various cliaracters showed dominance of one or the 
other parental types 
Verbaacum blaUarxa L (Shull, 473 ) 

Bright yellow corolla is a monogenic dominant to pale yellow 
Verbaacum phoenteeum L (Sirks, 480, 483, 484 ) 

The inhcntance of self-comiiatibility and self-incomiiatibility in this species 
appears to be complex and somewhat irregular 
Verbena. (Eyster, 124 ) , 

Light variegations in flower color are dominant to heavy variegations; varie- 
gation is dominant to dilute self-color; light self-color is dominant to darker 
self-color. 

Vsrontca geniutnotdea Vahl (Correns, 98, 100 ) . n. , * 

The short-styled form is a heteroxygous dominant, the long-stvlcd is the 
homozygous recessive. Style length is further affec^ by a senes mo^ying 
genes. A white-margined form, on crossing with the nor^l, produced only 
• normal in Fi and F,, the defective type showing no genic inhentaiice 

Verontca longifoha L (De Vries, 628, 630) ™ 

The white-flowered type is recessive to the pigmenWfom, the recessive 
occasionaUy appearing as a somatic mutation in la^e Fi pop^bons. 

Veremea ayrxaca Roem. and Schult. (Filxer, 128; Lehmann, 316, 318, 317, if 5.) 
Blue ^tewers are monogenically dommant to rose and white. S^^tenlity 
is determined by a senes of multiple allels, which accelerate or inhibit pollen- 
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tube growth in compatible and incompatible styles in the F) of a croas, four 
intrastenle but interfertile groups appeared 
Verontea iourneforti C C Gmcl (Beatiis, 4 1 ) 

In this tetraploid species, number of sepals (four or five) ajipears to bo deter- 
mined by a series of multiple allels 
Vtola arventis Murray (Clausen, ) 

Study of inheritance of a s|K>t on the style revealed unusual relations, which 
were explained on the assumption of three or more pairs of genes. 

Viola tricolor L. (Clausen, 73, 73, 74, Knstofferson, 303, SOB ) 

The inheritance of flower color is somewhat complex, indicating gene inter- 
actions. The presence of a colored spot on the front of the style is dominant 
to its absence A second t}po of spot rc(|iiires the presence of another gene 
before it can api>ear The prostrate habit of growth in the variety mantima is 
dominant to the erect typo of other varieties Some characters, such as varie- 
gations, are apparently non-Mendelian They appear to depend on plastids in 
the cytoiilasm The velvety black flower color of Vtnla tricolor var. nigra u 
reported to be determined by three basic genes for e\i>ression of color, and five 
inhibitor genes, which suppress the development of vcUotv black 
Viola spieeies hybrids (Ctamsen, 75 ) 

Clausen has reported 25 successful 8|>ecic.s crosses Viola tricolor and V 
arvensts cross with niaiiv species, V cornuta a ith onl> V orphanotdeg and V 
elegantula, V calcarala with only V. battandieri Some new fertile types have 
been isolatcfl from crosses 
Zanledeschia (Richardia) (llagionieri, 43t ) 

In a cross between Zanledetrhta rehmannn and Z elhottiana most of the char- 
acters of the latU>r pro\ed dominant m Fi, the yellow spathe color being an 
exception In F. spathe color, size, form, spotting of leaves, etc , showed 
segregation, but the number in the progenies were too small tor interpretation 
of genic relations 
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AND COVER CROP LEGUMES 
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eases, Bureau of Plant Industry 

The large family known ns Logummosac, or legumes, contains 
some of ^e most interesting and important crop plants The legumes 
are distinguished from other plant groups particularly by their 
flowers and seed pods The flowers arc always irregular in shape, 
resembling a butterfly, while the pods have two valves or parts into 
which they readily divide, as m the case of garden beans or peas. 
Most of the plants with potls that split into halves are legumes. 
Another distinguishing characteristic of legumes is their ability to 
take nitrogen directly from the air through association with bacteria 
that live on their roots, and to manufacture it into food for plant 
growth By this means soils arc enriched, soil fertility is maintained, 
and mcreaseil crop production is made possible Some of the minor 
legumes used solely for cover crops and soil improvement are not so 
well known as crops grown for forage or gram, but they deserve much 
wilier recognition and could well be used much more extensively. 

Improvement work with legumes other than soybeans, alfalfa, and 
clovers has been very limited, but the importance of this group of 
plants justifies giving them senous consideration m any improvement 
program They have been tlie subject of some genetic investigation, 
which will be discussed later 

BREEDIJNG WORK AND POSSIBII.ITIES 

While the legumes considered m this article occupy a place secondary 
to such crops as alfalfa and red clover, some have proved of great 
value in sections m which the other legumes do not thrive. The 
annual lespedezos, for e.xample, because of their ability to grow on 
soils of low fertility and too acid for alfalfa and clover, have become 
the chief forage crops from southern Jowa to the Gulf of Mexico. 
Without them a profitable agriculture in much of that region would 
be difficult or impossible , , , x- • 

Likewise the vetches and field peas fill an irreplaceable function m 
the soil-improvement programs of the Southern States, while the 
cowpea is a standard crop and the bur-clovers furnish winter grazing 
and soil improvement for millions of acres. Of the more ri^ntly 
introduced crops the crotalarios fill aplace on sandy land not otherwise 
filled, and there are good reasons for believing that some of these 
species may become leading forage crops in the South. 

The present soil-conservation program will require legumes for a 
variety of situations, but all must have m common the pro^r^y of 



1000 


YEARBOOK, 1937 


adaptation to reduced fertility and probably to soil acidity. Among 
these miscellaneous legumes now little known there may be some that 
with proper attention to selection will prove precisely suited for one 
or more such situations 

Astragalus 

(Astragaliu spp ) 

The genus Astragalus contains a very large number of species, 
commonly called mflk vetches. Most of tliem are especially adapted 
to dry and arid conditions. None of the species Is of much commercial 
importance, although several are utilized locally and have forage 
value. No selection or other improvement work has been attempted 
in this genus, but the drought-resistant quality of the many species 
would seem to justify the conclusion that for dry-land and arid regions 
it is perhaps the most likely group from which to expect a legume of 
agricultural value. 

BECGARnEEU 

{MeAomia spp.) 

The beg^arweed or tick trefoil group is composed of a fairly large 
number of species, few of which have been brought under cultivation. 
The Flonda beggarweed {Meihomia 'purpurea (Mill.) Vail) is the best 
known and the only one that is grown commei’cially in the United 
States. No attempt at improvement has been undertaken, although 
some natural selection no doubt has taken place, as the crop is har- 
vested from cultivated stands. To what extent improvement is 
possible no one can say. The species are variable, however, and, no 
doubt, would respond readily to sclebtion. One Iwtanical variety, 
M. panicvluta var. puhens (T. and G ) Vail, that has been grown in 
experimental plantings has growth habits that give promise of 
usefulness. 


WHILE the legumes considered in this article occupy a place 
secondary to sudi crops as alfalfa and red dover, some have proved 
of great value in sections in tvhidi other legumes do not thrive. 
The annual lespedezas, for example, grotv on acid soils of low 
ferulity’, and without than a profitable agriculture in large areas 
front southern Iowa to die Gulf of Mexico would be difficult or im- 
possible. The vetdies and fidd peas likewise fulfill a valuable 
function in soil-improvement programs. Among the miscdlaneous 
legumes about whidi comparativdy litde is now known, many 
forms especially suited to thrive in dijficult situations could un- 
doubtedly be found by intensive study and developed by systematic 
breeding. 




MISCELLANEOUS FORAGE LEGUMES 


{Dolichoa lablab L.) 

aUtK 

to "o'Sbt “ uld taX“i iT”'”™” 




Fifftre 1 . — Boaaviat (Dolicboa laUab) sbo^ving general habit of growth. 


Buh-Clover 
(Medicagu app.) 

Many species of Medicago that never arc grown ns cultivated crops 
enter into um for postuntge and are recognized as having veiy great 
value for this purpose. However, these have received no attention 
from the plant breeder. Other species that are grown for soil improve- 
ment and occasionally used for hay or seed have received some 
attention by experimenters. In a few instances selections of distinct 
forms have been made by practical growers who have increased their 
supply of seed and distributed it locally. Natural selection resulting 
from regional climatic differences, however, is responsible for much of 
the improvement in the medicagos. 

In tne case of spotted bur-clover (Medicago arabica (Ti.) All.) at 
least two new forms have appeared in tlie South in recent years. 
One of these. Manganese bur-clover, w'as selected and named by A. 
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Lee Andrews on his place at Lafayette in eastern Alabama. The 
other, Early Southern b\ir-clover, was selected and named by A. F. 
Ruff at Rock llill, S. C. Both these varieties are earlier maturing 
than the commercial spotted bur-clover froi which they were selected, 
and make as good a growtK if not bettei A variety of bur-clover 
grown by H. H. Hopson in Coahoma Coui .ty, Miss , under the name 
Giant bur-clover seems to be identical wi ,h the Early Southern and 
probably has the same origin. The Manganese bur-clover is somewhat 
earlier than the Early Southern and matures about 2 weeks ahead of the 



Figure 2 , — Coiled seed pods of spiny and spineless forms of spoiled bur-clover 
{Medicaga arahea). In olher species varialion in length of spines is not 
uncommon. 


commercial spotted bur-clover. A spineless form of spotted bur-clover 
has been recognized as a sul)s]M)cies, but this has never been grown 
commercially (fig. 2). 

Califonua bur-clover (Medicago hupyda Gaertn.) is very vanable 
and responds to improvement by selection. Where bur-clovers occur 
spontoneously it is difficult to mamtain pure stands of selected forms, 
and in pastures all that can bo hoped lor is to increase the relative 
amount of the improved varieties. Improved selections of bur-clovers 
were made by the United States Department of Agriculture some years 
ago and distributed from tlio United States Plant Introduction Gar- 
den at Chico, Calif , but supplies of seed have not been maintained 
and none are available commercially. The Texas Agricultural Experi- 
ment Station has made selections of the California bur-clover and is 
increasing seed of spineless forms for use in sheep pastures. The 
many other species are quite variable, hke the species just mentioned, 
and could be readily improved by selection, but so far as is known most 
of these are in no way superior to the sj^ies now used eommercially. 
Thus there seems to be no reason to give them special attention m 
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preferenw to the TOmmercial forms. Black medic (Medimgo lupvlina 
L.) 18 qmte variable and could be improved readilv by selection No 
work has been reported on the improvement of this plant 


(Ciccr anetmam L ) 

Throughout the western United States attempts have been made 
to grow the cluckpea, which la native to western Asia, but nowhere 
has commercial production been successfully established. So far as 
known, no attempt has been made to develop superior varieties 
adapted to the United States, although it is known that the chickpea 
13 vanable and thus presumably could be impioved bv selection 


(f'lgna sinenus (Tomer) Savi) 

A very large number of cowpea varieties are recognized. For the 
most part these have been developed through several hundred years 
by natural hybridization and incidental selection ratlicr than by any 
planned improvement program. Introductions into the United States 
are recorded in the seventeenth centuiy,butitis witliin the last century 
that s^MJcific reference is made to nameil varieties. In the United States 
in recent years considerable work has been done by e.’cperiment stations 
in the way of bringing existing vaneties together for comparative test- 
ing. This has resulted in a more extensive use of superior varieties 
and an elimination of infonor ones. While selection of superior plants 
has thus been the principal ineans of improving cowpeas, natural 
hybridization has played a very important part. Artificial hybridiza- 
tion in recent years has been attempted by a few plant breeders, and 
at least one outstanding variety has been developed in this way. 

A cross between the Groit and Brabham varieties made by workers 
in the Department of Agriculture resulted in the Victor, cliarncter- 
ized by its resistance to wilt and nematodes, which seriously damage 
most varieties. In the process of continuous growing and natuial 
selection through long periods of time, vaneties have changed to suit 
local conditions with reference to diseases, insects, and climate. 
Apparently for this reason varieties that have been grown for years 
in the United States are much more resistant to bean rust than re- 
centW introduced varieties, and resistance to wilt and nematode in 
the Don, Brabham, Groit, and New Era varieties^ can be attributed 
to similar selection. In the case of the Victor, resistance to wilt and 
nematode has been inherited from its parents, the Brabham and Groit. 

The origin of most of the commercial varieties of cowpeas is un- 
known. The Whippoorwill has boon grown under that name smee 
1840, and the Iron has been known in South Carolina suice 1888, but 
its origin is uncertain, and no information is available as to whore 
the New Era may have come from. From a study of the characters 
of the Brabham it has been concluded that it is a hybnd between 
Iron and WhippoorwUl, and the Groit is regarded as a hybnd of Nr - 
Era and Whippoorwill. Improved selections from Brabham _ and 
Iron have been made in California and are being grown commeroially. 
Recently a variety of unknown origin was mtroduced mto Flonda 



1004 


YEARBOOK, 1937 


and distributed to growers by the State Agricultural Experiment 
Station, under the name Suwanee. It lias mvcn high forage yields 
and seems to bo especially well adapted to Florida conditions. 

Chotalaria 
(Cralalaria spp ) 

Crotalaiia, commonly called rattlebox, is one of the newest agri- 
cultural crops that has become of commercial importance in the 
United States within the last 10 years. In India and a few other 



Figure 3. — CroUdana spedabilis, F. C 180% (o), and the commeraal strain 
from which it was selected (6). 


tropical rerions several species have been in use for a much longer 

S enod. Three species are now grown commercially in the United 
tates. These are Crotalaria apedcMis Roth, C. striaia DC., and 
C. intermedia Kotschy. _ Being variable in plant characters, they lend 
themselves readily to improvement by selection. lAte maturity, 
which makes-the saving of a good seed crop difficult, has been one of 
the principal objections to crotalaria, and this character was the first 
in which improvement was attempted. The Department of Agri- 
culture and the North Carolina, South Carolina, Georgia, and Florida 
Agricultural Experiment Stations working in cooperation have made 
selections for earliness in all of these species. At Columbia, S. C., 
an earl^-maturing variety of C. spectabUia has been developed that 
ripens its seed quite uniformly and 2 weeks or more ahead of the 
onginal lot from which it was selected. This is known as F. C. 18096 
and in South Carolina has been called locally Carolina crotalaria 
(fig. 3). Some progress has been made in selecting early , varieties 
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of <7. irUermedia and C. a^ruiia, but additional improvement is needed 
before these can be called superior. 

Since most of the Crotalana species have been observed only in the 
X ^ ““y improvement may be ex- 

pected. Up to this time, however, little work has been attempted 


Fenuchkek 

(Tnganella Joenumgraemm L ) 

Fenugreek (the name means Greek hay) occurs in the Mediterranean 
r^on and east as far as India. As grown under cultivation it shows 
vanotal differences that probably are the result of natural regional 
development rather than artificial selection. So far as known no 
8pp.ciar improvement work has been done in any country In the 
United States fenugreek has succeeded only in California, and there it 
is grown only occasionally. At the California Agricultural Exiieri- 
ment Station at Davis the continued propagation for years of one of 
the best introduced strains of fenugreek appears to have resulted in the 
development of a superior variety well smted to at least that part of 
the State. 

Field Pe\ 

(Piwm arvense L ) 

The history of the field pea is closely associated with that of the 
garden pea, since the distinction between the two groups is more one 
of usage than of botanical characteristics. The more extended use of 
varieties of field peas, however, has been in comparatively recent 
times, while the use of the garden pea extends back to earliest history 
The development of pea varieties through all these years has been 
largely the work of the gardener and the commercial seeil grower, 
while the field husbandman has merely grown the varieties apparently 
best suited to his conditions 

In more recent times a number of experunent stations have made 
selections from the more promising varieties and introduced them. 
The experiment stations in Canada and in the United States, particu- 
larly in Wisconsin, Colorado, Idaho, and Washington, have been most 
active in this work. The varieties O. A. C. 121, Wisconsin Perfection, 
and others represent the results of such work. 

The new interest in field pea varieties has been largely in connection 
with their use as a cover and green-manure crop for the ^uth. The 
Austrian Winter variety serves well for this purpose, but its suscepti- 
bility to disease and its inability to mature a good seed crop under 
southern conditions has lessened its popularity and called attention 
to the need for breeding and selection to overcome these difficulties. 
The Department in cooperation with the Georgia Jlxperiment Station 
has recently inaugurated a program with such results as the objMtive. 
The State experiment stations at Auburn, Ala., and Knoxville, Tenn , 
have begun similar programs. 

By bringing varieties together froin every possible source and grow- 
ing them under southern conditions it is probable that vanetics with 
superior disease resistance and heavy seeding quahties^ be found. 
These can then be used in a breeding program to combine the other 
desirable qualities needed in a cover and green-manure crop. 
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Crass Pea 

{jMthynt% satniis L ) 

Lathyrus sativum, commonly known ns grass pea, has never become 
of commercial importance m any part of the Unitetl Sbites, although 
in many places it makes good growth and produces fair seed crops 
In India the crop is of some importance, the natives using the seed for 
food and the plant for forage A laige number of varieties exist, 
differing in flower and seed color, growth of the plant, and si^ and 
shape of the seed. Varieties with laige white seeds are superior for 
human food, while those with strong vegetative growth are preferred 
for fodder Vaneties of L satima occurring m India have been 
studied by Howard and Khan (/I) * "While inheritance studies have 
been carried on with the sweet pea (L mloratus L ), no one has studied 
L. satxvus or related species in this way. 

Guar 

{CyamopsiB psttraloidea DC ) 

Guar, a summer annual, is used in India quite commonly for food 
for man and beast Varieties existj and the plants are more or less 
variable, but so far as known no special work on improvement has been 
attempted In the llnite<l States guar has been used in cultural 
experiments but has not been recognized as having commercial value. 

Kidnevvetch 

iAnthylh»^ _I.) 

No commercial plantings of kidncyvcte-h are made in the United 
States, and so far as known no selection or other improvement work 
has been attempted in this country In Wales, selection work with 
this plant is in progress, but results have not yet been published In 
Denmark the improvement of kidneyvetch has been attempted, and 
strains Tystofto No, 8 and Tystoftc No 28 when compared with ( 
mercial Mdnoyvetch were found to be more productive 

Kudzu-Uean 

(Pueraria thunberpana (Sieb anti Zucc ) Kenih ) 

No work has been done m the improvement of kudzu-bean, but 
there is no reason to suspect that it would not respond readily to 
improvement by selection 

Lespeoeza 

{Letpedeza spp ) 

The lespedezas or bush clovers os a group are still wild plants Only 
one species, Lespedeza striata (Thunb ) H. and A ^ has been long known 
to agriculture. The others are of such recent introduction that the 
possibilities of improvement have not been adequately explored 

A^onomically there are two groups of lespeilezos The annual 
consists of two spiles, Lespedeza striata, or common lespedeza, and 
i. stipulacea Maxim., or Korean lespedeza The second and much 
larger group consists of peremual plants, of which one species only, L 
sericea (Thmib.) Benth., has recently been introduced to agriculture. 

> lUUc numbers In jjerentheses refer to l.ltorature Cited, p 1018. 
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^ w the case moat wild plants, the lespedezas are more or less 
variable, plants diffenng m size of leaflets and height of growth, in 
habit, and especially in date of matunty 


a stnata, common lespedeza, was first found m Georgia in 
1846, sj^ead rapidly over the lower South, and gradually worked 
north The character that made this spread possible was undoubtedly 
the difference in date of maturity between plants As the species 
worked farther north the earliest forms seeded and reproduced them- 
selves This process went on pneration after generation, until now 
the common lespedeza is established as far north as central Indiana 
The variations in habit of growth were made the basis of selection 
work by the late S. H. Essary, of the Tennessee Agricultural Experi- 
ment Station. He began lus study of individual jilants in 1912 and 
found a great variation, especially in the habit of growth Among the 
vanants was one having an erect habit and great productive capacity, 
which was segregated and put into experimental plantings m 1921 
This was introduced by the Tennessee station as Tennessee 70 and is 
one of the leading late-maturing vaneties. 

Another variety with larger leaflets and ranker growth than usual was 
found by J B.S Norton, an explorer of the Department of Agriculture, 
growing wild near the city of Kobe, Japan, and was introduced as Kobe 
It is somewhat earlier m matunty than Tennessee 76 but does not grow 
so erect except in thick stands Another vanety of common lespedeza, 
inventoried as no 81742, was collected by Dorsett and Moi-se, of the 
Department, in Jajian in 1929 ami is the earliest matunng form of 
Lespedeza striata In habit it is nearly as erect as Tennessee 76 
The possibilities for improvement in this species have not been 
exhausted, but its natural dependence on high temperatures will 
probably prohibit pushing the species much farther north than its 
present limits. 

The Korean lespedeza also shows vanations, especially m date of 
maturity Two extra-early forms have been found growing wild in 
Manchuria One of these, no 65280, has been introduced ns llarbin, 
the other, no 59379, is a week later and makes a little larger growth 
than Harbin. Neither variety promisiw inuch usefulness, because^ the 
Iilant is low in growth habit and the yield is consequently small They 
do, however, show the range of possibdities in the development of 
earliness Harbin has matured seed at Wmnipeg 

Two varieties, an early Korean, no 19604, maturing about 2 weeks 
earlier than standard Korean, and a late form, no 19601, maturing 2 
weeks later than the standard Korean, have been selected at the 
Department nursery at the Arlington Experiment Farm, Arlmgton, 
Va. (fig. 4). The early form, no 19604, has been released for use m 
northern Iowa, northern Ilhnois, and adjacent areiw. Its habit of 
growth and yielding ability are like that of standard Korean, and it 
differs only in earliness. The late form, wrhich is mattmg in growth 
habit, is still under observation , 

Here again the possibilities of selection have not been fully explored, 
and in tfe future better vaneties, or vaneties better suited to certain 
conditions, may be selected. . xi • i 

The group to which Lespedeza seruea, the pereiuual lesj^deM, 
belongs con^ts of several species diffenng from one another m 
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botanical characters and in habit of OTowth. Certain variations in 
L. sericea itself have been noted. The botanical group consists of 
L. sericea, an erect, rather strict plant with narrow leaflets; L. 
insehanica (Maxini.) Schindler, with larger leaflets and lax habit; 
L. latissirm Nakai, a prostrate plant; and L. juncea, intermediate in 
habit between L sericea and L latissirm. Variations in L. sericea 
are found in width of leaflets, height of growth, coarseness and number 



Fiaure 4 . — Korean leepedcisa (Lespedeza atipulacea). Selected plants ehowmg differ- 
ent growth habits. The plant on the left (a), with horiisontal lower branches, 
makes a low matting growth, while b is quite upright. 

of stems, and earhness (fig. 5) Of tho varieties studied, no. 04730 is 
early, tall, and coarse, no. 12087 is later, with finer stems, and no. 
19284 is from a single plant selection out of no. 04730 and is somewhat 
more umform than the parent. These variations are neither im- 
portant nor significant, but they show that a more intensive study may 
uncover variations of agncultural significance. 

One of tho most important fields for selection with Lespedeza 
sericea is that of finding forms with a low tamiin content. Studies 
made show that the tannm content varies among individuals, ranging 
from about 5 or 6 to 10 or 11 percent. From the standpoint of 
palatability as well as forage value, it is important that a form with 
low tannin content bo found and introduced. Work with this object 
is being carried on 

Tho shrubby species, as Lespedeza bicolor Turez. and its allies, have 
not been studied intensively enough to determine the range of varia- 
tion, and it does not seem probable at this time that they will offer 
great possibilities for agricultural usefulness. 

Lotus 

{Lotus Bpp.) 

Several species of Lotvs (not to bo confused with the water-lily of 
that name) are recognized as being of some commercial importance 
in several European countries and in Australia, but in the United 
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StatM none is recognized as having special value. Seed of Lotus 
A &l*uhr two perennial species that 

are used for hay and pasturage, is availalble through the ^ trade, 
but no vaneties are hated. So far as known no special improvement 
of these plants has ever been attempted, although varieties with low 
cyanophonc glucoside content have been reported. The elimination 



of this glucoside is desirable, since in the course of digestion it is 
changed to hydrocyamc acid, which is injurious to animals 


Lupink 


(Ijupiaus Bpp ) 

Several species of Lupinus are grown commercif^y as field crops 
in European countries, and at least one species is being used m 
Australia. None, however, has ever been commorcializM in the 
United States, since experimental plantmgs have indicated that m 
most places they are not well adaptea and camiot be used as economi- 
cally as l^;umes now commonly grown. 

Varietal improvement in this group of plants has been confined 
largely to work in European countries, particularly Germany and the 
Union of ^viet Socialist Kepublics, where in recent years attempts 
have been made to produce lupines devoid of alkaloid poisons. Both 
German and Russian workers report having developed stnuns with 
littie or no alkaloid, wliich they call “sweet lupmes The object 
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been to produce plants and seed that could be used for both 
livestock and human consumption without injurious results. 

Peanut 

{Aruehis hypogpea L ) 

The improvement of the peanut for forage has received little 
attention. In the Umted States the experiment stations of Florida 
and Texas have undertaken hybridization studies, but the results of 
this work have not yet been published Arachis namt^gyare Hoehne 
and A rastiero A. Cheval. have been used in crossing with the common 
peanut {A. hypogaea), and attempts have been made to introduce 
other wild species. These offer possibilities but as yet are too little 
known to justify a statement regarding results. 

J’iCEONPEA 
(Cajanua indicua Sprciig ) 

In many tropical countries the ])igeoni)ca is recognized as one of 
the most valuable legumes. In India a largo number of varieties 
exist and the superior value of some of these is recioOTized. In the 
Hawaiian Islands, where the pigeonpea was introduced, improvement 
of the crop has been undertaken and selection and breeding work 
have resulted in the production of superior varieties New Era 
strain X is recognized m Hawaii as one of the most desirable and 
much supenor to the strains from which it was produced In the 
United States varieties have been grown for selection work at several 
southern stations. The plantings at the Florida Agncultural Experi- 
ment Station at Gainesville have been the most extensive Wide 
vanation in the plants has been observed and early-maturing vaneties 
have been selected, but no variety has been found sufficiently well 
adapted to justify commercial use One variety has matured as far 
north as Washington, D. C , but seed production ha.s been light 

Sainfoin 

{Onobrydiia vttigana Hill ) 

Sainfoin has been gi-own in France and other European countries 
for over 300 years. In the United States it has never become of com- 
mercial importimcc, although m expciimental trials at a number of 
experiment stations it has made good giowth. A number of botanical 
varieties are known to e-xist, but improvement of most of these for 
agricultural use so far as known has never been attempted. Com- 
mercial sainfoin is quite variable and includes both biennial and per- 
ennial forms. Inmrovement by selection in both of these no doubt 
could be easily effected. The Washington Agricultural Experiment 
Station at Pullman is making selections of samfoin with the idea of 
obtaining better adapted varieties. 

Serrauella 
(Orhahopus aanma Urot.) 

In central Europe serradella is used on acid sandv soils, but in the 
United States prwuction or use on a commercial scale has never 
beeai successful. Improvement of varieties is reported from Germany, 
although the amount of work seems to have been very limited. 
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Sesbania 

(Setbania macrocarpa Muhl ) 

The seed of sesbania as found in the commercial trade is gathered 
from wild and volunteer plants and repicsents the species as it is 
found growing naturally. The plant grows in wet or moist soils in the 
Southern States. No attempts at improvement have been made. 

Sulla 

(Hedysaruin coronanum I..) 

Attempts to grow sulla in the Unitctl States have indicated that 
while it succeeds fairly well in a number of places so far as ^owth is 
concerned, it does not appear to have a place in competition with 
legumes now commonly grown. In several European countries it is 
CTown as a commercial crop and is considered as having superior value 
for special localities. While varieties are known to o.xist, few attempts 
at varietal improvement seem ever to have been undertaken. In 
New South Wales a special strain was selected for many years and 
tested on the experimental farms, but for other countries no work is 
reported. 

Velvetbean 

(Stizolobium ftpp ) 

The Florida velvetbean {Stizolobium deeringianum Bort) is one of 
the leading legume crops in the southeastern Umted States. It was 
introduced in Florida pievious to 1875 and for many years was con- 
fined largely to that State, since it would seldom mature much farther 
north. Attempts to grow the crop in Georgia and Alabama later 
resulted in the selection of mutants that required a much shorter 
season to mature and were well adapted otherwise. In 1006 Clyde 
Chapman, of Sumner, Ga , observed an early-maturing plant that he 
selected and grew under the name Himdred Day Speckled. This 
variety later became known as Georgia and is the earliest maturing 
commercial variety now grown. 

In 1908 R. W. Miller, of Broxton, Ga , selected an early-maturing 
variety that was grown as Clark’s velvetbean, but this proved to be 
so like the selection made by Chapman that it later was considered 
identical with the Georgia. 

In 1911 a Mr. Blount, of Flomaton, Ala., selected an early-maturing 
variety, which he called Alabama. This was not quite so early ma- 
turing as the Geoi^a but was sufficiently good to become commercial- 
ized and is still ^mg grown. 

A variety of velvetbean known as the bush velvetbean (6g. 6) 
was select^ on the farm of Roan Beaseley at Kite, Ga., about 1914. 
As its name implies, it is a bush or bunch variety, lacking the twining 
habit of other velvetbean varieties. In work with this variety at the 
Mississippi branch experiment station at McNeill, H. R. Reed noted 
a white-seeded variant and made selections of it with the idea of using 
the white seed character to identify the bush variety. This selection 
did not prove to be stable as to seed color, and subsequent selection 
was continued Now after 10 years a variety seems to have been 
obtained that reproduces true to color. 
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At the Florida station a hybrid variety known as Osceola was pro- 
duced bjr John Belling, who made a cross between the Florida velvet- 
bean {Stizolobium deeringianum) and the Lyon velvetbean (S, niveum 
(Roxb.) Kuntze). This is a vigorous, heavy-yielding variety with a 
medium season, so that it is adapted as far north as central Georgia. 



Figure 6 , — Bush velvetbean 


The velvetbean offers opportunity for much further improvement, 
and the importance of the crop suggests that such work could be done 
with profit. 

Vetch 
(Ficio spp ) 

A lai^e number of species of Vicia are in general use, all of which 
go under the general name vetch. The species that are of importance 
commercially ore Vida villosa Roth, V, saliva L , and V. pannonica 
Crantz. Others that are occasionally used are V. atropurpurea Desf., 
V. cakarata Desf., V. monantha Desf., V". (lasycarpa Ten , and V. 
angushjolia Grufherg. So far os known, vetches are closo-poUmated, 
and seldom, if ever, does crossing take place. All species seem to be 
variable, but difl'er somewhat in this respect. Hairy vetch (F. villosa) 
is much more uniform than common vetch (F. saliva), and while 
several species seem to be less variable than hairy vetch, none are so 
uniform but that improvement can be made by selection. 

Common vetch has been grown in the Meiliterranean region for 
centuries, and through regional selection and otherwise a large number 
of varieties have been developed, differing in seed color and growth 
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characteristics. Much of the improvement in this crop, no doubt 
traces to selectioM made by local growers, but natural selection due 
to contmued regional production probably also played a part In 
later years experiment stations have developed improved varieties for 
local use, but published statements regarding such work are very 
metier. 

Most of the work in vetch improvement in the United States has 
been carried on at Corvallis, Oreg , by cooperation between the 
Draartment and the Oregon station 

In this region common vetch lias been grown for many years, and 
the commercial strain now grown is the result of natural selection 
through this long period The winter temperatures of western 
Oi^on and western Washington represent about the extreme of cold 
that the most hardy strain of common vetch will endure. Thus the 
variety that has survived and been developed and increased here m 
commercial production represents one of the most wmter-hardy of 
the common vetches 

Since other vetches arc of very recent introduction commercially, 
natural selection has played little if any part in the development 
of varieties. 

In the case of both hairy vetch and common vetch the work of the 
Oregon station, cooperating with the Department, has resulted in 
improved varieties that already have been or are becoming commer- 
cialized. Hero a vigorous growing variety of smooth vetch (U. 
viUosa var.), lacking the heavy induNcenco of hairy vetch, was selected 
in 1926 by H. A Schoth and is now grown quite extensively. A good 
deal of the seed of V’ vMosa importeil from central Europe under the 
name hairy vetch is smooth vetch and resembles the smooth vetch 
vorioty grown in Oregon Of the common v'ctch (U. nativa) selections 
that have been developed, a white-flovvcred variety, F. C. 02830, that 
is somewhat superior in vigor and winter hardiness to commercial 
Oregon common vetch and was selected by Schoth m 1915, is perhaps 
outstanding The white-flower character offers a ready means of 
identification in the field and will enable the grower to keep his 
seed pure. 

In the Netherlands, Denmark, and other European countries where 
common vetch is grown, improv'cil v arieties nilaptcd to local conditions 
have been developed, liut none of tliese, so far ns they have been 
tested in the Uiiitctl States, lias proved superior to vaneties developed 
in this country. 

GENETIC STUDIES IN MISCELLANEOUS LEGUMES* 

Inhbritancb studies have been made in few of the so-called miscel- 
laneous forage legumes. From general observation and in some cases 
from definite experimental demonstrations it is known that a number 
of legumes are self-pollinated and rarely if ever are cross-fertilized. 
Whether or not these can be crossed or hybridized has in many cases 
not been determined. . ^ i- • i- 

Studies of several species of Phasedus in India indicate that the 
urd bean {P. mungo L.) and the miing bean {P. aureus Roxb.) are 

• This section Is written primarily for students or others professionally interested in breeding or genetla 
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usually self-pollinated, although the mode of anthesis in many cases 
would permit of cross-pollination. 

Unpublisheil observation of legume plantings in the United States 
indicates that Crotaiaria, Vida, Lathyrus, and the annual species of 
Medxeago are largely self-pollinated and seldom if ever cro^fertihze. 
A close study of anthesis in such cases, however, might indicate a 
means of effecting crossing. 

No work on crossing Icspcdezas has been done. The technical 
difficulties are of the same order as those presented by the clovers 
and are due to the fact that the flowers arc small and difficult to 
manipulate. There is another difficulty m addition. The three com- 
monly known species of Lespedesa — L. striaia (Thunb ) H. and A., 
L. gttpuUuxa- Maxim., and L. sencea (Thunb.) Benth. — have flowers 
of two kinds, and both kmds occur in the same cluster. One sot of 
flowers bears a corolla and is therefore conspicuous; the other and 
more numerous kind has closed flowers with reproductive parts com- 
plete but with no coroUa. These flowers aie conseiiuently self-fertile. 
Although definite data are wanting, the conclusion drawn from 
observation is that these species are self-fertile No sign of hybridiz- 
ing has been observed, though the species have been grown side by 
side for years. The progeny from the seed of individual plants is 
always true to the mother plant. 

In the case of serradella, wliich has been reported as self-fertile, 
plants inbred for four generations did not lose vigor. 

While crossing m many legumes seems to be uncommon, there are 
others that cross readily and are naturally cross-fcrtilizeil. Species 
that have been used m inheritance studies are the cowpea {yiyna 
sinensis (Tomer) Savi), chickpea {Cteer arietmum L.), adzuki bean 
(Phaseolus ang^ris (Willd ) Wight), bonnvist {Ddxchos lablab L.), 
horsebean (Vidafaba L ), pigeonpca (Cajanus ind%cus Spreng ), lupine 
{Lupinus spp ), peanut (Aradm hypogaea L ), velvctbean (Stizolo- 
bium deeringmnum Bort), and field pea {Pwum arvense L.). 

CuiCKPhA 

(Cicer oneimum L.) 

While self-pollination is the general rule m Cicer arietinum, varietal 
crosses have been recordetl. In 1915 Howard, Howard, and Khan (10) 
reported the growing of selections that split in the F 2 generation, 
indicatmg natural crossing. Their observations were not made in 
sufficient detail, however, for the deduction of the various color factors 
present. 

More recently inheritance studies were made by Khan and Akhtar 
(IS) relating to color and number of flowers. In making artificial 
hybrids it Wns found that in order to prevent accidental crossing 
emasculation should be effected the evening of the second day pre- 
ceding fertilization. The flowers open naturally on bright days be- 
tween 9 and 10 a. m., and the pollen should be applied at this time. 
Five crosses were studied and the following results reported {IS, p. 156): 

(1) The flower color depends upon the interaction of several factors. 

(2) Blue color depends on a single factor B 

(3) Pink color is produced by a factor P m the presence of B. 
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(4) In the absence of H the Aower is white whether /' is present or absent 

(5) Greenness in the standard is developed in tlic absence of the factor IK 
Greennofts is therefore rcccasivo to noiiKrtH'ti 

(6) Singleness depends upon a factor .S' and is dominant to doublencss 

Cott l‘K \ 

(I’lgna stneiMM (Torner) Savi) 

The cowpea lias boon recognized as one of the legumes that offer 
excellent facilities for hiheritanco studies, and investigations by 
Spillman and Sundo, and in particular by S. C. Harland, have indi- 
cated what may be expected by more extended research. In studies 
mode by Spillman and Sando (/(}) flower color was found to be corre- 
lated tvith coloration m the seed coat, joints, peduncles, stipules, and 

S ietioles, and complete Ihikoge was observed m certain seed-coat-color 
actors. 

It was detemunetl that the presence of antliocynnm coloration in 
the stem and leafstalk is due to a single unit factoi , dominant to its 
absence. 

In the case of certain seed-coat-color patterns, two factors that are 
inherited independently were found to influence the color pattern, 
resulting in the expected 9 3 3 1 ratio 

Seventeen Mendelizing factors of cowpeas wore definitely identified. 
Tliese factors with the chaiacteristic effect they produce are as follows' 
A. Seed pod curved after the manner of the alfalfa sued pod 
U Browu seed coat 

D. Dense speckling, cliarartcristio of the New Era variety 
E Narrow eye 

F. Very fine and dense stickling, giving nsc to blue seed coat. 

0 Dotting; converts HoisUnn spots into nunierous small ones 
II Holstein type of seed-coat s{>ottmg 
I, Eye with indefinite margin 
L. Longitudinal furrowing of the surface of the seed 
N. Presence of anthocyauiu pigiiiciit factor 
P Puijile seed coat 

R. Reel seed coat. (This is the general factor for color, tlio absence of which 
determmes white seed coat, white flowers, and absence of pigment in 
vegetative parts ) 

S. Black spotting on certain types of seed coat 

T. Less dense stieckling, characteristic of the Taylor variety 

U. Buff, or clay-colored, seed coat 
IK. Whippoorwill type of seed-coat spotting 
X. Tayfor inhibitor cancels (crosses out) the effect of T 
The eight factors B, F, N, P, R, TF, U, and X, cither singly or in combination, 
give nsc to the ten distmgiustiable seed-coat colors, purple, black, dull black, blue, 
coffee, maroon, buff, red, pink, and white. The factors P, B, D, T, and F and 
probably S belong to a linked group The factors D, T, and F restrict the dis- 
tribution of color pigmeuto m the seed coat. Three independent eye factors I, 
H, and E, either singly or in combmatioii, give nse to the five distinct types of 
eyes, Watson, Holstein, small eye, narrow eye, and very small eye 

Indications were found tliat when all of the pigment factors are absent, including 
factor R, there is a tendency for the seeds to bo small, weak, or abortive 

The flower color has been found to bo correlated with the coloration in the seed 
coat, joints, peduncles, stipules, and petioles {16, pp. S82-S8S) 

Experiments reported by Haigli and Lochno (fi) indicate a progres- 
sive variation with age oi a simple Mendelian ratio m the cowpea. 
The results in the Fj culture from successive days of flowering 
showed an orderly variation in the simple Mendeluin 3:1 ratio, an 
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excess of recessives in the first 9 days being compensated for by an 
excess of dominants as the plants grew older. No cause for this 
phenomenon was discovered. 

Hofmann (S)^ in experiments at the University of Illinois, found that 
crosses made in the greenhouse between California Blackeye and 
Blue Goose show definite evidence of hybrid vigor. 

B0NA.VIST 
(Dahehox lablab L.) 

In studying Doliehos lablab, Harland (8) found that dehiscence of 
the anthers takes place at least 1 and sometimes 2 days before the 
flowers open. Studies in inheritance showed that in the case of deter- 
minate and mdeterminate growth the segregating ratio in the Fa gener- 
ation was 3:1, with complete dommanee of the indeterminate factor. 

Two factors were found to influence color, each being transmitted 
independently, resultmg in the expected 9.7 ratio. One of these 
factors baa no effect except in the presence of the other, when it 
converts white flower into purple, and brown seed into black, and 
causes pigmentation of the nodal region 

Lupine 

(Lupmus Bpp.) 

Burlingame (2) reports studies of Lupinun species with reference to 
variation and mheritance. ITis findings show that races with dark- 
blue and pink flowers breed true and that races with striped white 
flowers are heterozygous for a single factor, which in the homozygous 
condition produces white flowers Light-blue flowers are due to a 
single dominant factor, indistinguishable in the homozygous and 
heterozygous condition. 

Dark seed coats arc baked with dark-blue flower color, but probably due to 
separate factors 

The factors for light-blue and stnped-whitc flowers are both allelomorphic to 
that for dark-blue aud not improbably constitute a system of multiple allelo- 
morphs 

Mutations are frequent, some are already known to be dominant, and others 
appear to bo in the nature of additions of new characters and factors and so 
progressive in the sense of de Vnes {!t, p 44T) 

Hollqvist (7) studied seven different types of flower color and five 
types of seed color in Lupinus angutiijohus L. His conclusions were 
as follows (7, p. 344): 

One fundamental colour factor has been demonstrated (pure red). A synthesis 
of blue colour has been obtained from crosses between bluish red and violet flower 
colours. One “dilution” factor has been found to be present. 

Pleiotropic correlation has been demonstrated between certain flower and seed 
colours. 

Three flower colour factors have been found to form a linkage group The 
linkage between two of the factors is very close, if not complete. The other 
linkage value represents a crossover percentage of about 22% 

Greb (5), in studying Lupinus Mus L., found that there are at 
least two genetically different rootlet types m this species. These 
differ in rate of rootlet elongation in young seeding and in time of 
development of the root hairs. The ratio in the Fs was 2-1, which 
suggested that the homozygous nonhairy might be lethal. 
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Adzuki Bean 

(Phaseoliu anffilaru (Willd.) Wight) 

Kal^aki (IS), in a study of crosses between Miyako and Donsu 
varieties of adzulu bean^ found that reddish purple in the stems, black 
jotting on red seed coats^ and blackish brown in ripe pods were 
dominant over their recessive allelomorphs, green stems, unspott^ 
seed, and brown pods. From the segregating ratios in the Fj it was 
concluded that color of stem was due to the interaction of two factors, 
while the block spotting of the seed coat and color of ripe pods were 
influenced by only one factor pair. 

Colored stems ore completely correlated with black-spotted seed 
coats, and colorless (green) stems with unspotted seed coats. 

The factor P for reddish-purple color of steins and its recessive allelomorph p 
(green stems) are very closely linked with S, a factor for black-spotting of sccd- 
coats, and its recessive allelomorph s, respectively, and hardly any crossing over 
occurs between them. 

The 1 factor, which intensifies the purple color of the stem, and its recessive 
allelomorph t are also very closely linked with the B factor, which produces a 
blackish-brown color of the rific liods, and b, its recessive allelomorph, and this 
linkage is also very close, so that crossing over hardly ever occurs tictwecn them. 

The PS linkage group is independent of the I-B linkage group 

Presence of iS in a homozygous condition produces more intense spotting of the 
seed coats than when it is present in a heterozygous condition (f*, p 177), 

ITorsebean 

{Vtcia faba L.) 

The horeebean is known to cross readily but has been used com- 
paratively little in inheritance studies. Darlington (S) studied varie- 
gation and albinism and found that variegation is a heterozygous type 
of which albmo and normal are the homozygous types. Sirks ( 16 ) 
in a study of quantitative inheritance in Vi^jaba presented evidence 
to indicate that quantitative factors do exist. 

Velvbtbean 

{Stizolobuun *pp.) 

Several species of Stisolobium have been hybridized. _ Inheritance 
studies made at the Florida Agricultural Expenment Station a number 
of years ago were reported in the annual reports of that station for 
1910, 1912, 1913, and 1916. Species that have been hybridized are 
S. deeringianum Bort X S. pachylobvam Piper and Tracy, S. deeringi- 
anum X /S', niveum, and S. deenngwnum X S. hasjoo. 

The inheritance studies are concerned mostly with the cross S, 
deeringianum X S. niveum, which are the species of most gnomic 
significance. In these crosses Belling (1) found that color in win^ 
and standa^, length of seed, curve in pods, and open and closed pods 
were influenced by a single factor pair, and size of pod_ and length of 
pubescence on pod by two or more factors, while mottling was due to 
three independent factors. Correlations were established ^tween 
lateness of flowering and number of flowers in a raceme and between 
length of pod and reed. 

138004'— 37 en 
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PiCEONPEA 
{Cq/anus utdicus Spreng.) 

Inheritance studies with the pigeonpea carried on at the Hawaiian 
Agncultural Experiment Station have been reported by Bjtiuss 
(14, p IS). According to his findings — 

♦ ♦ • red flower standards are dominant over yellow; blotched or speckled 

seed dominate over solid colored, and maroon-blotched pods are dominant over 
solid light-tinted pods Pubescent pods arc doiniiiant over glabrous; large, flat 
pods are dominant over small round pods, and large seeds over small seeds. 
Four and flve seeded pods are dominant over 3 and 4 seeded pods Round seeds, 
slightly flattened, dominate over all others of widely different shapes, including 
spherical, oval, flattened, and irregular The axillary flowers and pods domi- 
nate over terminal inflorescence In stature blended inheritance is oliservable, very 
dwarf varieties when crossed with very tall varieties produce an interm^iatc 
type, and two varieties when crossed almost invariably produce a type that is 
t^cr and more vigorous than either parent Crossing an annual type on a per- 
ennial type appears to produce iierennial forms This beliavior has been found 
to remain constant, practically complete dominance for some wcll-deflned differ- 
entiating unit characters being the rule 

When red dorsal standard sorts were crossed with red types, it was noticed that 
the solid red changed to red lacing, and when extremely tall and dwarfed forms 
were crossed, the first generation was of intermediate height Wherever domi- 
nance IS apparent the second generation shows fairly definite Mendehan segregation 
as well as definite linkage between some characters Dihybnd crosses appear to 
adhere rather closely to the 9 • 3 "3 1 ratio 

Studies in Cajanus indicua relating tlio inheritance of color in the 
flower and seed coat have been reported by Dave ( 4 ). In most cases 
one factor pair controlled color inhentancc, hut in others two inde- 
pendently mherited factors wore operative, m agreement with the 
general results obtained by Kraus. Complete linkage was noted 
between orange-yellow flowers and purplish-black seed, yellow 
flowers and back of standard with purple veins, and base diffused 
purple and green pods; and purple color at the back of the standard 
was closely linked with maroon color of the pod. 
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Tablk 1 . — Chnmoaome numbers in leffunes — Continued 
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BREEDING 

MISCELLANEOUS GRASSES' 

H. N. VINALL,* Senior Agronomist; 

M. A. HEIN, Agronomist, Division of 
Forage Crops and Diseases, Bureau 
of Plant Industry 

The grass family , known by botanists as the Gramineae, is the 
most important and widely distributed of all plants. Grasses are 
found from the Tropics to the Arctic Zone, and in deserts and swamps. 
To this group belong some of the most important cultivated crops 
such as corn, wheat, oats, rye, barley, rice, sugarcane, and the sor- 
ghums and millets. 

Grass breeding really began in a remote time with the development 
of these crops from various species of wild grasses. This breeding, 
however, had for its purpose an increased production of food ^ain 
rather than any improvement in forage value. Pastoral agriculture 
was founded on the utilization of grasslands for grazing domesticated 
animals; and primitive peoples still migrate, with their flocks, in 
search of grass which provides the entire sustenance of these animals 
It is only within the last 30 years that any serous effort has been made 
to increase the forage production of grasses. 

In different parts of the world natural selection took place under the 
influence of climate, and thus we find the original grasslands of each 
Counti^ characterized by certain genera and species, which are native 
or indigenous there. As civilization developed and intercourse between 
nations became easy, the native passes of each country were intro- 
duced and domesticated in countries having similar climatesj so that 
^sslands are now less distinctive from a national viewpoint than 
formerlv. However, there still remain more or less well-defined centers 
of development for each of the important grasses, and these centers 
are important as sources of breeding material. 

GERM-PLASM SOURCES FOR VARIOUS GRASSES 
Ghoups of related grasses have become concentrated in certain parts 
of the world^ as a result of their reactions to climatic conditions. It 
is in such regions that these genera are found in the greatest abimdanco, 
and here alro the widest vanation may be expected in habit of growth 
within the species. These development centers have been outlin^ 
broadly in figure 1, which may be considered as a graphic illustration 
of grass adaptations and the chief grass resources of the world, with 
the natural migration channels of these masses indicated, of course, 
without any attempt to present details. The most important genera 

■ The piirpow of tbls article b to briDR tocether as for as ponslbb tbe avallabb Information as to tbe breed- 
ins In proiiesi and that oontemplated with all grasses ol agricultural Importance with the exception of tim- 
othy, sugarcane, and tbe oeresi grasses such as com, sorgbum, rice, wheat, rye, oats, and barley As con- 
siderable breeding work bas been done with timothy, it ta dtaoussed In a separate article. 

• Died reb,2Z 1(37 
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Figure 1 . — Development 
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and species in each of the 16 regions are listed in table 1 (in the appen- 
dix). The boundaries or limits of these regions are obviously not 
exact, and wide variations occur within certain regions because of 
mountain ranges and other physiographic features that affect 
v^tation. 

Region 1 includes most of western Europe where the annual pre- 
cipitation is 20 inches or more and the temperatures are mild. Prac- 
tically all of the so-called “tame” grasses now grown in southeastern 
Canada and the humid part of the United States north of the Cotton 
Belt are native in region 1 and were introduced from there by early 
settlers in North America This region is rich in species and varieties 
of timothy, bluegrass, orchard grass, ryegrass, redtop, bentgrass, oat- 
grass, and fescue Other grasses abundant in this region, but of little 
or no agricultural value, are velvet grass (Ilolcus lanatus),^ matgrass 
(Nardus sincta), and the other moorland grass {Molinia caeruUa). 
These constitute the principal grass cover of wet heaths and moorlands 
throughout this region. 

Region 2, the Mediterranean region of Europe and Africa, charac- 
terize by low rainfall and rather poor soils, is the native home of the 
annual species of Arena (wild oats), bromes, and fescues Most of the 
winter annual grasses now growing in the foothills of southern Cali- 

• The aiUhoritie'. (or the botanical narnc.^ u«e<l in this article arc itlvcn In table S of the aiipenilU 


COMPARED uiih the work in several other countries, very little 
has been done in the United States in breeding any of the grasses 
except timothy. Orchard grass, bluegrass, redtop, bromegrass, 
bentgrass, Bermuda grass, carpet grass, and all other grasses ordi- 
narily used in seeding pastures and lawns are mixed populations 
consisting of many strains that vary in such important character- 
istics as date of maturity, disease resistance, leafiness, number and 
vigor of stolons and rhizomes, and viability and abundance of seed. 
Because of these wide variations, there is a great opportunity for 
improvement by simple selection processes, and probably stiU 
greater possibilities in hybridization. The tviddy dieting uses of 
grass, however, necessitate a close scrutiny and thorou^ examina- 
tion of the variants from the standpoint of each possible use. More- 
over, improved strains developed by British or other foreiffi workers 
are not likely to represent the best for our own country, since maxi- 
mum values in plant breeding are attained only by aiming for 
dose adaptation to load conditions. In the devdopment of improved 
grasses, we shall have to salve our own problems by a systanatic 
attack based on regional differences. 
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forma are of Mediterranean, origin. In addition red fescue, canary 
grass, and Harding grass originated in region 2 The esparto or alfa 
gra^ used in the manufacture of fine paper grows naturally in northern 
Africa. Grasses that are abundant in this region but of little value 
include many species of both Anstida and Stipa. 

Region 3 mcludes the eastern or low-rainfall section of the Union 
of Soviet Socialist Republics and practically all of Siberia Here, 
where the average rainfall is less than 20 inches and the winters are 
very severe, a group of extremely hardy and drought-resistant grasses 
has developed, including the crested wheatgrass which has proved so 
valuable on the northern Great Plains of the United States. On the 
dry, cold steppes are many species and varieties of wheatgrass {Agro~ 
pyron), wild-rye {Elymus), reedgrass (Calamagrosivt), and “chee” or 
“tshee” grass (Stipa). The smaU fescues such as the sheep fescue are 
present but not so characteristic of this region as the Agropyrons. 

Region 4, including southeastern Union of Soviet Sociahst Repub- 
lics, western China, and that ancient cradle of the human race, Asia 
Mmor, Persia, and Afghanistan, is peculiarly imjiortant as the native 
homo of several cereal grasses All of this region w very dry and a 
considerable iiart is actual desert Wliile not so important from a 
forage standpoint, the native grasses of this region include what are 
beheved to be the progenitors of wheat, emmer, einkorn, and rye. 
Numerous species of wheat (Triticum), rye (Secale), and their near 
relatives the goatgrasses (Aegilops and Uaynaldm) arc found here. 
The wild barleys (Hordeum spp ) are common, and liiilbous blucgrass 
(Poa hvlbofta) is almost everywhere Meadow fo.\tail, sweet vernal- 
grass, red fescue, and Johnson grass are other important grasses found 
m region 4. 

Region 6 includes Tibet^ the western provinces of Cliina, and eastern 
Mongolia. This is a region of high mountain ranges, cold, dry pla- 
teaus, and deserts On account of its inacccssibihty loss is known 
about the grasses of this region than of any other part of the world. 
The grasses that have developed here would assuredly bo drought- 
resistant and able to withstand other climatic extremes At least foiir 
species of bluegrass and as many fescues have been reported from this 
region, along with several species of wheatgrass and wild-ryo. Needle- 
grass l^ipa spp.) and sedges (C!arex spp ) are widely distributed 

Region 6 includes eastern Siberia, Manchuria, northeastern China, 
Chosen, and Japan. Although attention has chiefly been given to the 
many soybean varieties in this region, it is also important as the home 
of most of our cultivated millets and that group of soighuins known 
as kaoliang. Foxtail millets, broomcorn mUlet (proso), and Japanese 
millet are all widely distributed and show a great variety of forms in 
this region. The Japanese lawngrass (Zoyma japonica) and Manila 
grass ^oysia mairdla), both of which appear valuable in the Umted 
States, are at home hero. Among the less important grasses are many 
species of ArundineUa, Calamagrostis, Ischaetnum, and_ Panicutn. 

Region 7, including southeastern China, most of India, Burma, the 
Malay Peninsula, and adjacent islands, is largely tropical and has a 
heavy rainfall except in northern India. Such important ciUtivated 
crops ori^ated in this region as sugarcane, rice, and bamboo; and 
also the forage grasses, Bermuda grass, Angleton grass, and cenUpede 
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grass. There are many other species and varieties of Andropogm, 
Cynodon, Eleusine, Oryza, Panicum, Pasjmlum, ^charum, and Sor- 
ghum that have not yet proved ot value under cultivation but may be of 
some importance from a breeding standpoint. ^ Cogon gra^, said to be a 
useful pasture grass in China and the Philippine Islands, is of doubtful 
value in the United States on account of its aggressive rootstocks. 

Region 8, including Australia, Now Zealand, and Tasmania, has a 
very distinctive vegetation, and many of the native grasses of this 
region are found nowhere else in the world except in small expen- 
mental plantings. The interior of Australia is very dry, almost 
desertlike. Along the coast where rainfall conditions are favorable 
the pastures and meadows are composed almost entirely of grasps 
and legumes introduced from Europe. In the drier portions native 
grasses supply moat of the forage, and the most important of these 
are perhaps Mitchell grass. Wallaby grass, kangaroo grass, red grass 
(Themeda sp.). Flinders grass, and tussock grass. On the sand ndges 
in the semidcsert area spinifex (Triodta spp ) is vciy abundant 
Common Mitchell grass, curly Mitchell grass, and Wallaby grass 
have all been introduced into the Umted States, but thw seem to be 
of little value here. The tussock grass of New Zealand {Poafiabellata) 
appears to be a very desirable grass, but so far all attempts to introduce 
it have failed. So much of Australia is desertlike that many grasses 
such as the annual bromes, fescues, Avenas, and Hordeums, which are 
not considered desirable in the United States, are appreciated there. 

Region 9 consists of the equatonal part of Afnca, wme of which is 
occupied by dense forest. In parts where the rainfall is not too heavy, 
grasses abound in the open places of the timbered areas and in e.xclu- 
sively grass-covered lands or savannas replete with wild game animals. 
Here are found numerous species of Sorghum, Pennisetum, Panicum, 
Hynarrhcnia, Andropogon, Ehrharta, and Themeda. Molasses grass 
and iaragua grass originated here, but are now more important in 
South America. In the highlands of Ethiopia are found many Hor- 
deums (barley relatives). Sudan grass onginated near Khartum, 
and other vane ties of grass sorghum occur in profusion in this region. 
Pearl millet is native here also and originally was an important food 
cr^ of the inhabitants. 

Region 10 is composed of that part of Africa south of 10° S. latitude 
and the adjacent island of Madagascar. The annual rainfall varies 
from about 40 inches in the northern part to actual desert conditions 
in Bechuanaland and southwestern Africa. The rains come largely 
during the summer months (winter in the Northern Hemisphere), 
and in this period they are fairly ade^ate except in the desert regions 
of Bechuanaland and along the West Coast. Temperatures are 
rather hi^ except in a very limited mountain section in eastern South 
Africa. Plants that have developed under these conditions in Africa 
are weU adapted to the Cotton Belt of the United States. Practically 
all of our cultivated varieties of soighum originated in this region, and 
from there came Rhodes ctoss, Natal gra^, and woolly fii^ergrass. 
Many species of Chioria, Cyno^, ZHgrtaria, Ehrharta, Hywrrhenia, 
and Themeda contribute forage for their domestic and wild animals. 
Grasses that are abundant but of little value include the Aristida and 
Triehopteryx species, especially the latter. 
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Region 11 compriBea most of Brazil, eastern Bolivia, Paraguay, 
Uru^ay, and the northeastern part of Ai^entina. In this part of 
South America the rainfall is heavy (30 to 70 inches) and the tempera- 
tures are subtropical to tropical. Here we find an immense area of 
open parklike grasslands, including the campos of Brazil and the 
pampas of Uruguay and Argentina The basin of the Amazon, with 
a ramfall of over 80 inches annually, is a dense, junglehke forest of 
little iimportance from a grass standpoint. Notwithstanding the 
extent of the passlands in ^uth Amenoa, few if any of the native 
passes have shown any forage value in the United States or in their 
homeland. The supenor forage grasses of South Amenea were almost 
without exception introduced from tropical Africa, the native pampas 
grass being useid chiefly as an ornamental because it is unpalatable. 
The molasses, jarogua, Guinea, and Para grasses all appear to have 
been introduced many years ago and are now widely distributed in 
region ll._ They provide a large proportion of the pasturage for live- 
stock, which is one of the main sources of revenue in this region. 

Region 12 comprises Chile and the western or Andean sections of 
Argentina, Bolivia, and Peru os far north as the Gulf of Guayaquil 
Except for southern Chile and Patagonia, this is a region of high 
altitudes and low rainfall Although important os the native land 
of the potato and other Solanaceae, it does not appear promising as 
a source of forage grasses Axonopua scoparius, a relative of carpet 
pass caUed '‘cachi” in Bolivia, is said to be a good pasture grass. 
This is found on the moist meadows of the eastern slope of the Andes 
The forage in the high mountain valleys and plateaus is derived mostly 
from species of Featuca, Poa, Ccuamagrostis, and Muhlenbergyi 
Grasses that are abundant but have little agricultural value comprise 
numerous species of Eragroatis, Stipa, TViaetum, and Piptochaetium 
The last-named genus is said to be encountered everywhere in this 
regionj although it is uncommon in other parts of the world. 

R^on 13 mcludes southern Mexico, all of Central America and 
the West Indies, and Colombia, Venezuela, and Guiana in South 
America. This rwon, surroundmg the Caribbean Sea and the Gulf 
of Mexico, is lareefy in the Tiwics, but differences in altitude give it 
an extremely varied climate It is also the home of the early Mayan 
civilization and the source of several of our most important food 


plants, including com. In the Orinoco Basin of South America are 
the llanos, broad savannas or grasslands similar to the campos of 
Brazil. Several very useful forc^e grasses have been obtained from 
region 13, where they appear to oe indigenous. The best known of 
these are teosinte, gamagrass, Bahia grass, St Augustine grass, 
Guatemala grass, carpet grass, and wildrice. Tliis region also abounds 
in species of Trisetum, Setaria, and Andropogori, most of which are of 
little or no value agnculturally Sourgrass (Trichachne inavlaria) is 
ve^ common but wortldess. 

R^on 14 in western North America comprises a broad expanse of 
rugged mountains, dry plains, and plateaus extending fropa the Peace 
River section of Canada to southern Mexico. In all this region the 
rainfall is very limited, varying from actual desert conditions to 20 
inches annually, while the temperatures range from very hot in 
Mexico and Arizona to very cold in northern Umted States and 
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Canada. The flora is rich in native grasses except for the desert 
areas, where the dominant vegetation consists of woody shrubs and 
cacti. Among the native grasses that contribute most to the sus- 
tenance of livestock are a great variety of wheatgrasses, bluestems or 
beardgrass, gramas, buffalo grass, sandgrass {Calamovilfa sp.), wild- 
ryes, fescues, bluegrasses, mesquite grasses {Hilaria sp.), and the 
Sacaton or dropseed grasses. Grasses that are common but of no 
particular value include the needlegrass (Aristida sp.), spear grass 
(Stipa sp.), and squirreltail grasses (Sitanion spp.). Foreign grasses 
that have proved adapted in this region include crested wheatgrass, 
awnless bromegrass, bulbous hluc^rass, and Sudan grass. 

Region 15, consisting of southeastern Canada and the northeastern 
United States, was originally occupied almost exclusively by hard- 
wood and coniferous forests. Naturally, valuable native grasses are 
scarce except in the western part of the Com Belt, which was from 
early days an open prairie carpeted with big bluestem and little 
bluestcm. Both of these are e.xceUent forage grasses. The rainfall 
in this region is usually adequate, and as the country was settled by 
people from Europe, the land when cleared of timber was seeded to 
introduced grasses from region 1. At the present time most of the 
pastures and meadows are occupied by these European grasses, which 
have proved admirably adapted to the climatic conditions here. 
Foxtail millet and Japanese millet, introduced from Europe but 
natives of Asia, are also grown rather extensively. Reed canary 
grass, big bluestcm and little bluestem are about the only native 
grasses that have proved important. Other native grasses of minor 
importance are noted in table 1 , because they may be of some value 
from a breeding standpoint. 

Region 16 is that part of the Eastern United States south of the 60° 
isotherm. This is tlic original Cotton Belt, and while limited in aren, 
it has been set miart from region 15 because of its marked difference 
in grass flora. This region was also originally a forest, and when the 
timber was cleared off by settlers European grasses proved unadapted, 
but more tropical grasses from Asia, Africa, and Central America have 
occupied the cleared lands where the soil is sufficiently fertile for these 
introduced grasses to compete with the omnipresent native broom- 
sedge and other Andropogons. The most important of the intro- 
duced grasses are Bermuda, carpet, Dallis, and Johnson grasses, and 
they provide the bulk of the pasturage and hay in the region. Napier- 
grass, Japanese cane, and pearl millet also thrive here, but will not be 
discussed further at this time, since the situation in regard to grasses 
in the United States is presented in the appended detailed maps. 
The native grasses, some of which may offer possibilities in breeffing, 
are listed in table 1. Texas bluegrass is one of these already used in 
crosses with Kentucky bluegrass. 

CLIMATIC ADAPTATION OF PRINCIPAL FORAGE GRASSES 
OF THE UNITED STATES 

The effective improvement of grasses by breeding requires an under- 
standing of their inherent climatic relationships. In the United States 
this relationship is best expressed by dividmg the country into six 
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regions as illustrated in figure 2. This generalized picture of a situa- 
tion that has developed natumlly under the influence of prevailing 
climatic factors provides a basis for the organization of grass breeding 
in this country. ^ The introduction of other foreign grasses in the 
future may conceivably change the situation, especially in the South- 
west. At this time, however, the opportunities for success in breeding 
appear to lie in working with those grasses that have met the require- 



Figure 2. — Grasslands of the Giiiied Stauss, sh<»wing the dominant type of grasses in 
each as determined by the climate. 


ments of man and have been most productive during the past cen- 
tury. The most outstanding of these are discussed briefly. 

In considering the distribution maps it must be understood that 
the limits indicated are not exact. Beyond the boundaries where 
a particular grass is really important it will be found less and less 
frequently struggling to survive under increasingly unfavorable 
conditions which results in an overlapping of adjacent distribu- 
tion areas. 

Kentucky Bluegrass, Canada Bluegrass, and Timothy 

Kentucky bluegrass, Canada bluegrass, and timothy were intro- 
duced from Europe by the early settlers, and as the land was cleared 
of forest they spread over practically all of the humid part of the 
United States north of the 60° isotherm, as indicated in figure 3. In 
addition to the areas shown, these grasses are abundant in region 5 of 
figure 2, which is also humid. None of them is sufficiently drought- 
resistant to be grown successfully in arid or semiarid sections except 
under irrigation. These grasses have become the leading hay and 
pasture grasses of the United States and the adjacent sections of 
Canada. They proved so well adapted to climatic conditions here 





Figure 3 . — Sections of llie United States where Keiitiiuky bluegrass and Canada 
bluegrass arc well adaptetl and of pninary importance. 


Kkdtop and tub Bent<;rassb.s 


Although redtop and the bentgrasses (species of Agrostis) are not 
BO important agriculturally as are Kentucky bluegrass and timothy, 
redtop is valuable for both* hay and pasture on wet or acid soils, anti 



Figure 4 . — SectiouB of the United States where redtop and the bentgrasses are well 
adapted and of primary importance. 
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the bentgrassos, because of their fine turf, are used extensively on lawns 
and golf courses. The sections where these grasses are of major im- 
portance are shown in figure 4, but they thrive equally as well in 
region 5 of figure 2, and the use of the bentgrasses for fine turf is com- 
mon throughout the whole redtop region. Redtop is most highly 
regarded in Illinois, where most of the seed is produced. It seems 
better suited to the poorlv drained, rather unproductive clay soils of 
that section than any other grass. 

OnenARD Grass and Tall Oatgrass 
The approximate range of distribution of orchard grass and tall 
oatgrass is shown in figure 5. Of these two introduced grasses, 
orchard grass is the more common and undoubtedly the more valu- 



Figure 5 . — Sections of liie United States where orchard grass and tall oatgrass are well 
adapted and of primary iiiifiorlance. 


able because of its longevity and its value in pasture mixtures. It is 
more tolerant of shade than bluegrass and produces better on poor 
soils. The results obtained in the improvement of orchard grass in 
Europe and Australia lead to the belief that much may be accom- 
plished with it here. One of the obvious points of weakness in tall 
oatgrass is seed shattering which has already been overcome by selec- 
tive breeding. 

Bermuda, Johnson, and Dallis Grasses 
Bermuda, Johnson, and Dallis grosses together with carpet grass are 
the principal hajy^ and pasture grasses of the Cotton Belt. All of 
them were introduced at a comparatively early date and have spread 
naturally over most of these States. Although Bermuda grass and 
Johnson grass are found more or less frequently north of the limits 
indicated in figure 6, they are sensitive to low temperatures and grow 
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only during the frost-free period; hence they are unimportant outside 
of the section indicated in figure 6 except in tlie irrigated sections of 
southern California, Arizona, and New Mexico. In these States both 
are abundant, but Johnson grass especially is considered a weed and 
Bermuda grass is a doubtful asset. Both grasses invade irrigated 



Figure 6 . — Sections of the United Slates \\hcrc Bermuda, Johnson, anti Dollis 
grasses arc v^ell adapted and of primary imjtortnnec. 


cultivated lantls and are difiicult to control because of tlieir aggres- 
siveness. Dallis grass, however, is gratltially coming to be recognized 
as a valuable constituent of pasture mixtures on irrigated lands 
in tliese States. 


Carpet, Napier, Bahia, and Para Grasses 
Successively more tropical and less winter-hardy, carpet, Napier, 
BaWa, and Para grasses are confined almost entirely to sections of the 
United States indicated in figure 7 and to extreme southern parts of 
California and Arizona, Carpet grass is much more common than 
the other three and next to Bermuda i^rass is foremost in pasture 
improvement. Napier grass, because of its large, coarse growth, may 
be used effectively ns a soiling or silage crop in addition to its 
value as a supplemental pasture. 

Awnless Bromegrass and Crested Wheatcrass 
Awnless bromegrass and crested wheatgrass, unlike the grasses j’ust 
tliscussed, arc extremely winter-hardy, and both are very drought- 
resistant. Both were introduced from Europe and have been found 
most useful in the northern parts of the Great Plains and of the inter- 
mountain region (fig. 8). Bromegrass, however, is proving valuable 
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Figure 7 . — Sections of the Uiiitcii Stales where carpet, Napier, Uahia, and Para grasses 
arc »*ell adapted and of |>riuiary iin|H>rlance. 



Fifftre 8 . — Sections of the United States where awnlcss broinegrass and crested wheat- 
grass are well adapted and of priuiary importance. 

in the North Central States in pastures and meadows, especially in 
mixtures with alfalfa. The chief objection to it, the difficulty encoun- 
tered in eradicating it, may be overcome by selective breeding. Graz- 
ing animals are very fond of both crested wheatgrass and bromegrass. 
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Native Short Grasses and Prairie Grasses 
Buffalo grass, the gramas, mesquite grasses, bliiestems, and wheat- 
grasses supply a very large part of the pasturage and wild hay pro- 
duced in the Great Plains. The distribution areas of all of these 
except the wlieatgrasses are indicated in figure 9. Much of this 
region is semiarid, and in order to grow successfully hero grasses 
must bo able to endure periods of severe drought. All of these with 
the exoci)tion of big blucstem are preeminently drought-resistant, and 
the chief object in breeding will be improvement in productiveness of 



Figure 9 , — ScclioiiH of ibc United States where native Hhort {^rasseii and prairie grasses 
are well adapted and of primary iiu|>uriance. 


forage and viable seed. The actual distribution of each grass is con- 
siderably wider than is indicated on the map, which outlines the areas 
where each grass is of major importance and where their breeding is 
warranted. _ Big bluestem and httle blucstem are adapted quite well 
to the outlying stippled area but are of minor importance there because 
most of the land is now under cultivation and introduced grasses are 
more productive. These two bluestems are found in sm^l isolated 
colonies as far south as the Gulf coast. Indian grass is found grow- 
ing in combination with the bluestems but rarely constitutes over 5 
percent of the herbage. 

Slender and Western Wheatgra.sses 
Western wheatgrass is found growing naturally all over the Great 
Plains except the extreme southern part. In the depressions where 
the soil is heavier, western wheatgrass often occupies the land to the 
virtual exclusion of all other grasses. _ Its foliage is rather harsh but 
palatable and very nutritious especially when immature. Slender 
wheatgrass is more widely distributed than western wheatgrass, 
although it does not extend so far south in the Great Plains as the 
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latter, and being a bunch grass it seldom occupies any large area to the 
exclusion of other grasses. The regions where these two native 
grasses are of importance are outlined in figu re 10 . Both are valuable for 



Figure 10 . — Sections of the United States where slender wheatgrass and western 
wheatgrass are well adapted and of primary iin{>ortance. 


hay as well as pasturage, and less difficulty is found in obtaining viable 
seed of these wneatgrasscs than of thoothernativegrasses justdiscussed. 

Sudan, Reed Canary, and Other Grasses 
The species that have been discussed include nearly all of the 
grasses of recognized importance in the United States except Sudan 
grass and reed canary grass. Sudan grass, an annual, has been found 
useful as an emergency hay crop and for summer pasture in all parts 
of the United States, although best suited to conditions in the middle 
and southern Great Plains. Reed canary grass is valuable on wet 
lands anywhere north of the 60° isotherm. Breeding activities will 
no doubt be most productive with these grasses, but there are many 
others that shoulii not be ignored,' since in them are foimd useful 
characters that may be transferred to the more important species by 
hybridization. 

WHY THE BREEDING OF GRASS IS WORTH WHILE 
Approximately 60 percent (3S) * ® of the total land area of the United 
States is grazed at least part of the year, and a major portion of the 
feed obtamed by grazing animals is provided by grasses. It is esti- 
mated that in 1919 the grazing lands supplied about 49 percent (26) 
and in 1929 about 41 percent (S3) of the total feed consumed by all 


• Italic numbers in parentheses refer to Literature CIt 
' Acreage of pasture on farms Is given for HB4. The nauonai kcsoutom jjc 
— '-- land (SS, pi. t, table $, p. 109). The 1930 acreage figures for graiing land 




jy OVE. Baker 1934. 


ed.p 1074. 

National Resources Board also furnished data on 
. — adjusted 
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classes of farm animals. _ If the 11,798,065 tons of hay from grasses 
other than timothy be included, approximately 43 percent of the 
sustenance of our farm livestock must be credited to miscellaneous 
grasses. 

In addition to the farm animals there arc in the United States over 
1 million herbivorous game animals {31), including deer, elk, and 
antelope. Deer and elk are the most numerous, and they subsist 
largely by browsing on trees and woody shrubs, but 10 to 15 percent 
of the food of this ^roup consists of grasses.® The grasses are also 
important in providing food and cover for wild fowl. 

Results obtained by soil erosion experiment stations ’’ indicate that 
on various soil types on slopes varying from 4 to 16 percent the losses 
of soil by erosion are from 650 to 4,600 times greater where the land 
is devoted to clean-cultivated crops as corn and cotton than on lands 
with a perennial-grass cover. Besides the reduction of direct losses 
through soil erosion and run-off, there is an additional benefit derived 
from a grass cover in the conservation of soil fertility, chiefly nitrogen 
and organic matter. It has been estimated that there is an avenge 
annual loss of 60 pounds of nitrogen per acre from cultivated soils. 
Hopkins {8, p. 659), of Illinois, found 4,000 pounds of nitrogen per acre 
in the surface soil of land that had grown corn for 16 years, as com- 
pared with 4,914 pounds per acre in the soil of adjoining pasture land. 
A determination of oi^ianic matter by the combustion method showed 
in the soil of old pastures 6.12 percent, new pastures 4.16 percent, and 
cultivated soil 2.44 percent {37), 

Grass in lawns is the foundation of all landscape effects for private 
houses and public buildings. It has been estimated thatover$100,000,- 
000 is spent annually in the United States on private lawns and at 
least $10,000,000 for turf establishment and maintenance in ceme- 
teries. To this must be added about $65,000,000 spent annually in 
providing the rc(iuired turf on golf courses, athletic fields, and play- 
grounds, and $16,000,000 in providing a ground cover on airports, 
road shoulders, and railway embankments.* 

An increase in the acreage of grasses and legumes has been definitely 
adopted as a national policy because grasslands not only conserve the 
soil but also contribute to a better balanced agriculture. This places a 
larger emphasis on the work of the breeder. 

POSSIBILITIES AND PROBLEMS IN BREEDING GRASSES 
In the United States breeding of grasses has received little attention 
with the exception of timothy. Orchard grass, bluegrass, redtop, 
bromegrass, bentgrass, Bermuda grass, carpet grass, and all other 
grasses ordinarily used in seeding pastures and lawns are mixed popula- 
tions consisting of many strains varying in such important character- 
istics as date of maturity, disease resistance, leafiness (fig. 11), number, 
and vigor of the stolons and rhizomes, and viability and abundance 
of the seed — to name only a few of the many variations. There is, 


il Conservation Service 


’ The data are taken from unpublished reports or summaries of results from the vi 

Outhrie, Okla , Soil Conservation Bervioe Clrc. L-1121 (193a); Temple, Ter , Soil C 

Circ L-1I34 (1936), Hays, Kans., Soil Conservation Service Clrc. Lr-n34 (1936), La Crosse, Wls , Boll Con- 
servation Service (;irc. L-1122 (1936). 

' These estimates of expenditures were supplied by John Montelth, Jr , collaborator, Division of Forage 
Crops and Diseases, Hureau of Plant Industry, U. S. Department of Agriculture. 
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therefore, a^^eat opportunity for improvement by simple selection 
processes. The uses made of these grasses are varied as compared 
with those of cotton, tobacco, sugarcane, or even com. This broad 
field of usefulness increases the opportunity, but it also implies a 
closer scrutiny and more thorough examination of the variants because 
a strain that may be of no value for hay purposes might bo exactly 
the kind needed for pastures or lawns. 

It is now rather generally acknowledged that the maximum values in 
plant breeding are attained only by breeding plants adapted to local 
conditions. Improved strains are not ordinarily found superior under 



Figure 11 . — Two selccled ulrains of Kentucky blucgrasB, showing ilie variations m leai 
width found in individual {dants of commercial cultures. 


all conditions of soil and climate. There is therefore little reason to 
believe that the improved strains of grosses developed by British or 
other foreign workers will represent the best attainable here in the 
United States. Plant-breeding work with tiercals has shown also that 
there are difi'erent strains of certain disease organisms, such as smut, 
and that a grain variety that is almost wholly immune to the ordinary 
smut may be susceptible to other strains of this disease. The same 
condition will probably prevail with reference to the diseases of forage 
grasses, which implies additional restrictions and necessitates better 
controlled tests in breeding. 

Opportunities for the accomplishment of practical results in the 
improvement of forage and fine turf grasses appear most promising in 
the following respects: 

1. Yield and viability of seed. 

2. Disease resistance. 

3. Ability to compete successfully with other plants. 

4. Increased vigor and ability to renew growth quickly after de- 
foliation. 

6. Longevity, drought resistance, and winter hardiness. 

6. Tolerance to wet or saline soils. 

7. PalatabUity and nutritive value of herbage. 

8. Quality, durability, and uniformity of texture in turf. 
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Increasing Yield and Viability of Crass Seed 
Many valuable grasses are notably shy seed producers. This is 
especially true of our native grasses, but it also applies to many of tbe 
introduced grasses. The faflure to proiluco viable seed in sufficient 
quantity to supply the demand is a great handicap and often prevents 
an otherwise valuable grass from being grown on an extensive scale; it 
prolubits a wide use of native grasses in regrassing abandoned fann 
land in the Western States; for example, the gramas, buffalo grass, 
big bluestem and little bluestem, wheatgrass, anil several other species 
would be seeded on millions of acres of these lands if good, germinable 
seed were available in commercial quantities. The same thing is true 
of many of the promising introduced grasses. Woolly fingeigrass from 
South Africa gives indication of being an outstanding pasture grass 
for tbe poor upland soil of the Southeastern States, but it produees little 
or no seed. The Japanese lawngrass (Zoysia japonica) appears to be 
exactly the kind of grass needed tor sodding airports and athletic fields. 
It forms a tough, long-lived turf, which would endure rough usage 
and be more or less permanent. Here again seed production is negli- 
gible. Good seed of Dallis grass, Bahia grass, and centipede grass 
IS scarce, and the use of these valuable pasture and lawngrasses is 
therefore limited. 

Production of Disease-Resistant Strains 
While diseases are not usually so destructive to the forage grasses 
ns the rusts and smuts of cereal crops, there are several that present a 
definite handicap to the effective use of these grasses in certain local- 
ities. Sudan grass, immensely valuable in dry regions, is almost 
worthless in the humid portion of the United States from Washington, 
D. C., south to Florida, because of the ravages of foliage diseases. 
Ergot is the chief factor limiting the production of Dallis grass seed. 
A leaf-spot disease causes widespread damage to Kentucky bluegrass 
in pastures and lawns. Grass diseases are most feared, however, in 
the growing of fine turf on golf courses and lawns. Under certain 
conditions diseases like brown patch are the greatest menace to the 
fine turf grasses, especially bentgrass as it is grown and handled on 
the putting greens of golf courses and on lawns. Control of diseases 
of fine turf is possible through the application of fungicides, but the 
development of resistant strains or varieties is preferable. In the 
case ojf pasture and meadow gi’asses, the use of fungicides is not prac- 
tical, and breeding for disease resistance is the only logical means of 
overcoming the difficulty. 

Regulating Aggressiveness by Breeding 
Most of our cultivated cash crops are grown in pure stands and 
occupy the land for only 1 year. Aggressiveness or ability to compete 
with weeds and other plants is not, therefore, a factor of any impor- 
tance in these crops. With perennial grasses, however, the ability to 
retain possession of the soil to the exclusion of weeds and less desirable 

f rasses is a characteristic of major importance in permanent pastures, 
n breeding grasses aggressiveness is a character that must bo regu- 
lated. If it is too pronounced the grass becomes difficult to eradicate; 
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this is true of quackgrass and Bermuda grass. Another disadvan- 
tage of pronounced aggressiveness is the difficulty of growing legumes 
in combination with such grasses. In pastures and hay meadows 
also, a mixture of grasses and legumes is desirable not only because of 
the higher nutritive value of the mixtures but also from the stand- 
point of benefiting the soil. Cai^et grass and centipede grass under 
favorable soil and climatic conditions produce so close a turf as to 
drive out all the clovers and Icspedczas that may have been seeded 
with them. Bromegrass in the Dakotas and southern Canada has 
been condemned by some because of its tendency to become sod- 
bound and because it reappears in a field that has been plowed for the 
production of a cash crop. Thus in some cases breeding methods 
must be used to reduce aggressiveness and in others to increase it. 

Increased Vicok and Quick Renewal of Growth 
After Defoliation 

The ability to renew growth <|uickly after <lefoliation is important. 
Grasses are of low value in pastures or on ranges unless they are able 
within a reasonable time to replace by new growth the herbage re- 
moved by the grazing animal. Our best hay plants, such as alfalfa, 
are high protlucers because, after cutting and removing one crop of 
hay, new shoots appear immediately and grow as rapidly as the origi- 
nal stems, thus providing from two to eight cuttings a year. Among 
the grasses Sudan grass is a conspicuous example of a hay and pasture 
plant that comes back (piickly after being cut or grazed. The extent 
and rapidity of growth in all plants is of course limited by soil and 
climatic conditions. Without a productive soil and adequate mois- 
ture supply either through rains or irrigation, continued luxuriant 
growth throughout the growth season is’ impossible. Fundamental 
differences however occur in the growth habits of plants that deter- 
mine their behavior when clipped or grazed. Grasses that do not 
continually produce new growing points low down near the surface or 
underneath the surface of the soil are useless for lawns or golf courses 
because the turf becomes stubbly after it is clipped a few times. Hay 
plants that do not have a suc.cession of buds at the crown capable of 
producing new shoots seldom produce more than one hay crop each 
season. The variation in these essential growth habits within a single 
species is marked and presents a good opportunity for improvement 
by selection processes. 

Persistence or Longevity Fundamental 
IN Pasture Grasses 

Longevity under grazing conditions may be less important in the 
future than it has been in the past because of the present tendency to 
appreciate and demand high production in pastures. However, there 
will always be a large percentage of livestock producers who are willing 
to accept mediocre production from pastures and ron^s in return for 
the assurance that this production level will continue indefinitely; and 
reseeding will not be necessary. In some localities, like the semiarid 
regions, where the establishment of a satisfactory grass cover is 
difficidt or highly uncertain, permanency may be the controlling factor 
in choosing a grass. Severid factors such as drought resistance and 

13800-1 '■—37 67 
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winter hardiness have an important bearing on the longevity of a grass. 
In breeding, therefore, longevity must be considered as a complex of 
several factors rather than a single one. 

Drought resistance in plants has been the subject of much study in 
the arid and seniiarid regions. It is not due to a simple Mendclian 
factor inherited as a unit character. Breeding for increased drought 
resistance will require a thorough understanding of the elements in 
plant com])osition and structure that enable certain plants to persist 
and produce better than others under low rainfall conditions. 

Tolerance to Wet on Saline Soils 
In the United States considerable areas of wet lands occur. Some 
of these overflow at more or less regular intervals; other areas have a 
liigh water table or are continually saturated by the seepage of drain- 
age water from the land above them. In irrigated areas benchland 
ditches often produce seepage areas in the bottom lands below them, 
and such areas are frequently both wet and saline^ (alkaline). Poorly 
drained lands in arid sections arc almost invariably unproductive 
because salts accumulate in the surface layer through evaporation. 
Certain species of grass are known to be adajitea to wet soils, and 
other species are especially tolerant of soil salinity. In both cases, 
however, these grasses are usuallv of low palatability and often of low 
nutritive value. A very real need undoubtedly exists for improvement 
of these grasses in palatability and nutritive value as well as for the 
development of strains with increased tolerance for the abnormal 
quantity of water or salts that such soils contain. 

Increasing Palatability or Nutritive Value Difficult 
Grasses adequate as forage for farm animals must be both palatable 
and nutritious. To increase cither the palatability or nutritive value 
of a grass is perhaps the most difficult of all the breeding problems. 
The qualities that make a grass palatable are little understood, and 
the variations in nutritive value as indicated by chemical composition 
are slight within any one species. There is, therefore, little encour- 
agement to attempt an improvement in these fields except by 
hybridization. 

Quality, Durability, and Uniformity 
IN Turf Grasses 

Considerable success has already been achieved in selecting strains 
of bentgrasses that meet the special needs of the golfing public. For 
the putting greens of golf courses both fine texture and umformity are 
required (fig. 12); otherwise the path of the putted ball will be im- 
certain. Disease resistance, longevity, and aggressiveness are factors 
of great importance on both golf courses and lawns in order that the 
turf may be permanent and free of weeds and weedy grasses. 

_ On athletic fields and playgrounds, and especially on airports, dura- 
bility is the first wnsideration. A satisfactory turf for such purposes 
must be able to withstand the tearing and gouging of cleated or spiked 
shoes and the terrific impact of the landing gear on airplanes. To do 
this the grass must be deep-rooted and tough and also able to cover 
quickly gashes made in this way with spreading stolons or rhizomes. 



MISCELLANEOUS GRASSES 


1051 


CURRENT BREEDING WORK, ITS OBJECTIVES 
AND RESULTS 

Selective Breeding of Grasses in the United States and Canada 
Replies to questionnaires on grass breeding submitted to various 
agricultural institutions reveal tbe fact that selection for improve- 
ment is under way with a laigc number of grasses other than timothy. 
Limited and more or less desultory activities in this field have been 
in progress for 16 years or more, but oiganized and intensive grass- 
breeding activities, for the most part, have been inaugurated within 
the last 5 years. The various grasses included in the current selective 
breeding programs of State and Federal institutions in the United 
States and Canada arc listed in table 2. It is apparent that a consider- 
able number of workers are now concerned in developing superior 
pasture and turf grasses. Tbe results accomplished by selective 
breeding in foreign countries other than Canada are not discussed in 



Figure 12,— A mrf plot of MelropoUtan bentgraisa illustrating the fine texture and 
uniformity required for the putting greens of golf courses. 





1052 


YEARBOOK, 1937 


detail because of the limitations of space and the fnigmentary informa- 
tion obtained in response to the questionnaires. Wo have also to 
consider the fact that very few of the improved strains of grasses 
developed in Europe, Australia, or New Zealand have shown out- 
standing value in the United States. In Canada, however, the 
species under investigation are the same as those in the United States 



Figure 13 . — Locations of ex|>eriiuei]l Blalioiis in tlie United Slates and Canada where 
organised grass-breeding work is in {irogress. 


and climatic conditions arc similar to those in our Northern States, 
hence results there should he helpful to our plant breeders. The 
locations of experiment stations in the United States and Canada 
where organized grass-breeding work is in progress are shown on 
the map in figure 13. 

Improved or Elite Strains Developed by Sdection 
In the United States very few improved strains have yet been intro- 
duced into cultivation, hut notable progress has been made, especially 
in the fine-turf grasses. The new strains already introduced, or soon 
to be ready for introduction, include; 

Washington and Metropolitan bent grass: These two strains of 
creeping hont grass developed by the green section of the United 
States Grolf Association have replaced other grasses on a laige per- 
centage of the putting greens of golf courses throughout the country. 
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The fact that these turf grasses, when used on putting greens, are 
usually propagated vegotativcly makes it easy to keep the strains pure 
and preserve their identity. 

Velvet bent grass, strain F. C. 14270: This has shown marked 
superiority over the ordinary strain of velvet bent grass in vigor, 
disease resistance, and quality of turf. 

Promising turf strains of Poa pratenulx and P. trinialis have also 
been developed by the green section of the United States Golf Asso- 
ciation, but these arc not yet ready for distribution. 

H. A. Schoth, of the United States Department of Agriculture, 
cooperating with the Oregon Agricultural Experiment Station at 
Corvallis, Oreg., has several improved strains ready for distribution. 

Highland Reed canaiy grass: This is <lcfinitely superior on upland 
soils; it is a heavy see<l producer, ami the sc'od shatters less freely 
than that of the ordinary strain. Seed of this improved strain is now 
being produced ami marketed commercially. 

Tall fescue, strain F. C. 293G6: This has softer or less harsh leaves 
than the ordinary tall fescue and in general improved quality of 
foliage and bettor seeding habits. Seed jiroduetion of this tall 
fescue, will be on a eommercial basis in 1937. 

Tall oatgrass, strain F. C. 293(57: The fault of seed-shattering charac- 
teristic of this species has been remedied almost completely. In this 
strain the seed increase is just in the initial stages, so that it is not 
ready for commercial distribution. 

Bahia grass, strain F. C. 19774: A selection made in 1929 by F. H. 
Hull, associate agronomist, Florida Agricultural Experiment Station, 
Gainesville, Fla., on the basis of stigma color has proved definitely 
more resistant to the holininthosporium leaf disease than the ordinary 
strain. This selection has been compared with the common strains 
of Bahia grass by George E. Kib’hcy, of the United States Department 
of Agriculture, at the Florida station. Arrangements are being made 
to increase the seed of it in Arizona ns a source of <*.ommercial seed 
jiroduction. 

Tift Bermuda grass: A vigorous, fine-stemmed strain selected by 
J. L. Stephens, of the United States Department of Agriculture, at 
the Georgia Coastal Plain E.xpcrimcnt Station, Tifton, Ga. This 
strain is much more productive as a hay plant than the common Ber- 
muda grass. In 1936, when 400 pounds per acre of complete fertilizer 
were applied, 2 tons per acre of fine quality hay were obtained in two 
cuttings. In the past it has been propagated vegetatively, since 
Bermuda grass does not produce viable seed in Georgia, at least in 
any quantity. 

Reed canary grass, Iowa 503: This was selected by H. D. Hughes 
and F. D. Wilkins, agronomists at the Iowa Agricultural Experiment 
Station, from the progeny of seed sent to them by an Iowa farmer in 
1918. The strain produces high yields of both hay and seed and 
appears valuable also in pastures because it makes a rather dense turf 
and remains green late in the fall. It was distributed to farmers in 
1930 under the name Iowa Phalaris. 

In Canada, where agricultural workers have devoted more attention 
to breeding problems, a considerable number of improved forage and 
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turf strains have been developed and are now in commercial produc- 
tion. Among those reported by Canadian workers are the following: 

Grazier slender wheatgrass: A leafy uniform strain that produce 
a high yield of pasturage and hay. Developed by G. P. McRostie 
and L. E. Kirk at the Central Experimental Farm, Ottawa, Ontario. 
L. E. ICirk, before his removal to Ottawa, and T. M. Stevenson, 
working at the Dominion Forage 
Crops Laboratory, Saskatoon, 
Saskatchewan, developed four 
elite strains or varieties, namely: 

Mecca slondor wheatgraaa; A liigh- 
yiclding hay variety. 

Fairway crested wheatgrass: A 
rather dwarf, fine-stemmed, leafy 
strain that usually produces lower 
yields of hay than ordinary crested 
wheatgrass but is superior to the lat- 
ter for use on lawnsandon the fairways 
of golf courses. Already the Fairway 
strain has a wide use in the west- 
ern parts of the United States and 
Canada. 

SuiHsrior bromegrass: This was de- 
veloped by Kirk from material col- 
lected by J. Bracken prior to 1921. 
It is now definitely established as a 
high-yielding hay and pasture variety. 

Parkland bromegrass- Character- 
ized by a reduced rhizome develop- 
ment that makes it to all intents and 

C urposes a noncreeping variety. Park- 
uid bromegrass docs not become sod- 
bound so quickly as ordinary bromc- 
grasa and is less diflicult to eradicate 
when grown in rotation with culti- 
vated crojis. 

Fyra slender wheatgrass: This 
was developed by M. O. Malte 
and G. H. Cutter at the Uni- 
versity of Alberta, Edmonton, Alberta, as an improved hay variety. 

Avon orchard grass: Developed by workers in the Agronomy Depart- 
ment of MacDonald College at Quebec, this strain had its origin in foun- 
dation stock introduced by L. S. Klinck, 1911-14. Selfed lines were iso- 
lated by L. A. Waitzingerj G. P. McRostie, and A. MacTaggart in the pe- 
riod 1914-30, and J. N. Bird in subsequent years has combined the most 
promising of these genotypes to form the strain called Avon. The Avon 
IS decidedly more winter-hardy and therefore longer lived and produces 
larger yields of hay and aftermath than commercial orchard grass. In- 
creased seed production of the Avonisin progress atMacDonald College. 

In addition to the named strains herein credited to Canadian 
breeders, O. McConkey (fig. 14) and his associates at the Ontario Agri- 
cultural College, Guelph, report (Y. B. Q.)® that 23 improved striuns 
of grasses are being increased for more extended trials and distribu- 
tion at Guelph. These include the species listed for Guelph in table 1. 


* TbU abbreviation will bo used In the following pages to Indicate that the information was received Jn 
reply to the Ycarboolr questionnaire, sent out In the cooperative survey of plant and animal improvement. 



Figure 14. — O. McConkey, associate pro- 
fessor, Department of Field Husbandry, 
Ontario Agricultural College, Guelph, On- 
tario, Canada, who, with L. E. Kirk, of 
Ottawa, has pioneered in grass-breeding 
investigations in Canada. 
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Reservoirs of Plant Material for Seleaion 
The most important sources of material for selection arc, of course, 
the ranges, pastures, and meadows where grasses have been estab- 
lished for a good many years. From this primaiy source and from 
foreign lands the United States Department of Agriculture in co- 
operation with State experiment stations has brought together for 



Figure 15 . — Craaa nursery uiainUined by ihc Bureau of Plunl liulusiry and the Soil 
Conservation Serviee of (he United Stales De|>ar(nicnl of Agrienlture at the Northern 
Great Plains Field Station, Mandan, N. I>ak. Side-oats grama in the middle 
foreground. 

comparison in grass nurseries extensive collections of native and 
introduced species. Sc.cd of all the more important native grasses 
was collected by the Soil Conseivation Service in 1935 and 1936 
throughout the arid and semiarid Western States. Seed or propagat- 
ing material of foreign species has been obtained through the Division 
of Plant Exploration and Introduction of the Bureau of Plant Industiy 
for many years, and these and the native species are available to 
plant breeders in mirseries (fig. 15) maintained at field stations of 
the United States Department of Agricidture and at State experiment 
stations and substations where cooperation with the United States 
Department of Agricidture exists. Such cooperation is indicated in 
table 1. 

Selective Bueeiung in Foreign Countries 
Otiiek Than Canada 

Breeding work with grasses has been developed much more in the 
British Isles, New Zealand, Australia, Sweden, Germany, and Den- 
mark than in the United States. 

The Imperial Bureau of Plant Genetics, Aberystwyth, Wales, has 
made the greatest contribution in the work on herbage grasses, 
under the direction of R. G. Stapledon. The technique for producing 
and distributing improved strains of grasses that has been developed 
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by Stapledon and hia associates, especially T. J. Jenkin (fig. 16), 
snoidd be very helpful in formulating a j)rogram for similar work in 
the United States. It is described fully in a publication of that 
bureau (11). 

The results achieved in the British Isles and New Zealand also 

comprehensive grass- 
program. Ijcvy (18) 
agrostologLst, New 2iealand De- 


provide proof of the practical value of 
breedin! 




partment of Agriculture, reports 
progress in the use of improved 
strains of perennial ryegrass as 
follows: “The North Island is 
using over 95 percent certified 
(seed) and it is difficult to 
dispose of une,ertified at any 
price.” 

Wliile the work at the Welsh 
Plant Breeding Station and in 
New Zealand is perhaps most 
outstanding, excellent breeding 
work lias long been under way 
at the Northumberland County 
Agricultural Experiment Station 
at Cockle Park near Newcastle, 
England; at the Scottish Plant 
Breeding Station near Edinbui^h, 
Scotland, and in South Ainca 
and Australia. F. Nilsson and 
... rr , T I • 1 • . . A. Muntzing, of the Seed Control 

sution, S.clisl> seed ' 

Breeding Station and has made many im- 
portant contributions to the science and art 
of grass breeding, lie is responsible for Germany; and H. N. Fraiidsen, 
the breeding of all grasses except orchard Stoftegaard, Denmark, arc also 
grass and for the development of a breeding making Valuable Contributions 
technique. in grass improvement and breed- 

ing technique. 

The map in figure 17 gives the locations of foreign grass-breeding 
stations. Progress in JItbriuization of Grasses 


As. 80 cia- 

tion, Svalbf , Sweden ; II. Weller, 
Weihenstcplian near Munich, 


Improvement by selection witlun a species or variety is usually the 
first step in a breeding program. In every crop, however, the plant 
breeder ultimately resorts to hybridization as a means of inducing 
greater variation and also in order to combine in one plant the desir- 
able characters found in different species or genera of plants. The 
question of how soon hybridization sliould become a part of a breeding 
program is not an easy one to answer. Many believe crossing of 
species and genera should not be undertaken until the possibilities of 
improvement by selection have been virtually exhausted and approxi- 
mately pure lines have been obtained for use as parents of tbe cross. 
Several potent reasons exist for earlier use of tliis effective method of 
plant improvement: (1) To wait until the possibilities of selection 
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are exhausted would delay hybridization benefits almost indefinitely • 
(2) strains developed by hybridization usually show more marked 
difference from the ordinary strain than do selections and are therefore 
easier to identify and keep pure in commercial trade channels; an<l 



Figure 17 . — Locatiom of thr principal grass-breeding stations in the Eastern Ifemi- 
sphere: 1, Welsh Plant Preeding Station, Aberystwyth, Wales; 2, Northumherland 
County Agricultural Experiment Station at Cockle Park, near Newcastle, England; 
3, Scottish Plant Breeding Station, near Edinburgh, Scotland; 4, Rijksstaiion voor 
Plantenveredcling, Ghent, Belgium; 5, Landessaatzuchtanstalt, Weihenstephan, near 
Munich, Germany; 6, Danish Plant Breeding Station, Stoftegaard, Denmark; 7, Seed 
Control Station, Swedish Seed Association, Svalof, Sweden; 8, Institute of Plant 
Industry, Leningrad, Union of Soviet Socialist Republics; 9, Institute for Fodder 
Crops, Moscow, Union of Soviet Socialist Republics; 10, Central Asia Scientific 
Research Institute of Plant Protection, Tashkent, Union of ^viet Socialist Republics; 
11, Waite Agricultural Research Institute, Adelaide, Australia; 12, Commonwealth 
Council for Scientific and Industrial Research, Canberra, Australia; 13, Plant 
Research Station, Department of Agriculture, Palmerston North, New Zealand; 14, 
Canterbury Agricultural College, Lincoln, Canterbury, New Zealand; 15, Prinshof 
Pasture Research Station. Pretoria, South Africa. 

(3) the intelligent combining of desirable traits, such as disease- 
resistance, with good forage characters, is often possible by crossing. 

Breeders have successfully crossed many species of graces and in 
several instances have been able to combine closely allied genera. 
For the information of present and future workers in tliis field the 
hybrids between species are listed in table 3 and the hybrids between 





Fifftre IS.—Triticum-Aff-opyron hybrid produced by W. J. Sando, United Stales 
Department of Agriculture, showing the hybrid vigor attained in the first generation. 
From left to right, Agropyron elongatwn, hybrid, Triticum at-stivum. 
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Some of these, especially the Triticum-Agromjron hybrids, appear to 
have marked forage value (fig, 18). Sando, of the United States 
Department of Agnculture, and Armstrong, of the Canadian Depart- 
ment of Agncultiire, who have had an opportunity to observe such 
hybrids, are convinced that many of the segregates of these crosses 
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will have great value from a forage standpoint. Armstrong (1) states 
in his report: “Their [the Eiissian plant breeders] chief aim has been 
the creation of new forms of perennial wheat. For Canadian condi- 
tions the possibilities of obtaining new forms of forage crops by this 
method appear more attractive.” Arrangements are now being made 
by the United States Department of Agriculture to study the forage 
value of Sando’s crosses. 

Jenkin, of the Welsh Plant Breeding Station, has successfully 
crossed the two genera FeMuea and Lolium and has also made many 
hybrids among the species within those genera. Brief notes on the 

S rogeny characters of these hybrids will be found in tables 3 and 4. 

To new strain of superior value has resulted from these crosses to 
date, and Jenkin reports that more immediate improvement in forage 



Figure SO . — Single plants representing the various types found in the first generation 
of a cross Poo arachni/cra X pratensis. These plants were grown on the United States 
Department of Agriculture grounds in 1909 from seed of crosses made by George W. 

Oliver the previous year. 

value can be attained through selection mthin a species than in the 
progeny of the crosses he has made. 

This evidence of the futility of hybridization methods cannot be 
accepted as final, however. In many instances repeated backcrossing 
has been found necessary to produce the desired types. Muntzing, 
of the Swedish Seed Association, found in the progeny of a backcross 
(Dactylis domerataxaschersonianaxglomerata) individuals more vigor- 
ous than D. glomerata. Texas bluegrass (Poa arachnifera) is dioecious, 
having the male and female spikclets on different plants. Using the 
pistillate plants as the female parent, E. Marion Brown, of the United 
States Department of Agriculture, made crosses of this species and 
Kentucky bluegrass at Columbia, Mo. He reports wide variation 
(fig. 19) in the first-generation plants, including individuals more 
resistant to heat and drought and more productive than Kentucky 
bluegrass. This cross was made first in 1908 by the late George W. 
Oliver. Oliver also found an unusual degree of variation (fig. 20) 
in the first-generation hybrid of this cross, but there was little interest 
in grass breeding at that time and nothing came of it. These results, 
in addition to the observed forage value of the Triticum-Agropyron 
hybrids, encourage further hybridization efforts. 
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GRASS GENETICS AND HYBRIDIZATION TECHNIQUE 


To ACHIEVE the utmost possible success in breeding wit hin any group 
of crop plants, a thorough understanding of the genetics of the plant 
species IS necessary. It is a fact that a large number of the improved 
varieties that find their 


way into commercial chan- 
nels are produced by the 
selection of existing vari- 
ants or by breeders who 
consciously combine the 
desirable qualities of sev- 
eral varieties or species by 
crossing or hybridizing 
thcm_ without having any 
definite knowledge of the 
manner in which the desir- 
ed character is inherited 
The genetic analysis of 
any species of plants or 
ammals is extremely slow 
work, and many of the 
results obtained have no 
practical application. In- 
dividuals who aiicomplish 
most in the realm of pure 
genetics are not likely to 
ho concerned overmuch a 
to whether new and irn 
proved erop varieties re- 
sult directly from their 
research. Practical plant 
breeders are, however, im- 
patient of delay and usual- 
ly proceed without know- 
ing quite what to expect in 
the progeny of a hybrid 
but fully convinced that 
something good will be 
found in the segregates 
if the parents of the cross 
have been intelligently 
chosen. With the grasses 
as with corn and wheat 
the more or less unscien- 
tific breeding operations 
ha\ e preceded the genetic 
investigation. Henceforth 
the two phases of breeding 
will no doubt progress to- 

>» The following eectlou is Intended pri- 
marily for students and others profession- 
ally interested In genetics or breeding. 



Fiffire 21. — Phalaris tnmcala, a feveign relative of 
the reed canary grass having a spikelike panicle. 
Note the progress of blooming from apex to base. 
Panicle on left began to bloom 2 days earlier than 
that on the right. 
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gether. As specially trained groups of geneticists become interested 
in the study of forage grasses, the fund of basic information regard- 
ing their genetic constitution wU increase rapidly. At present it is 
most inade(juate. We do, however, have some knowledge of certain 
characteristics of our more important grasses that are^ useful in 

genetic studies. These 
will be discussed 
briefly. 

Floweriivc Habits 
OF Grasses 
The inflorescence or 
flower-bearing organ 
of grasses may be a 
compact spikelike pan- 
icle as in canary grass 
or a more or less loose 
panicle as in orchard 
grass or bluegrass (figs. 
21 and 22). Regard- 
less of the type of in- 
florescen(5e, flowering 
begins near the apex 
of the inflorescence 
and progresses more 
or less regularly to- 
ward the base. In the 
spikelet the reverse is 
true; the basal florets 
open first, followed in 
regular order by those 
above. Through the 
courtesy of Mrs. Agnes 
Chase, of the Division 
of Plant Exploration 
and Introduction, 
Bureau of Plant In- 
ilustry, the essential 
floral organs, the floral 
envelope, and the ar- 
rangement of florets 
in the spikelet are 
shown in figure 23. 

Grasses flower, that 
is, extrude their sta- 
mens and liberate 
pollen, most abun- 

Figfire 22 . — Flowering pan- 
icle of Kentucky blue graes, 
illustrating the loose, open 
type of iifflorescence found 
in many grasses. 
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dantly in the early^ morning. This is an almost universal rule (5), 
although the period of flowering may be delayed and prolonged 
cloudy atmospheric comUtions. ^ For several grasses at least 
there is app^ontly a secondary, less intensive anthesis period in the 
afternoon. Fruwirth (5), who from 1906 to 1915 conducted some 
important and rather extenave studies of anthesis and pollination in 
passes, reports a secondary blooming period in the afternoon that 
lasted only 1 or 2 hours. This work was conducted at Hohonheim 
and Waldhof, near Amstettin, Germany. Sando “ found in Agropyron 
elongatum the maximum anthesis between 6 and 8 a. m., but there 



Figure 23 . — A {;rd8ti iiiflorcHccnoe iH coin{>o8c<l of 8|>ikelciK, florets, and flowers: A, 
Generalized apikelct indicating the alternate arrangement of florets on the racliis and 
relative positions of the glumes; U, grass floret opened as dl blooming time, showing 
how the lemtiid and palea arc forced open by the lodirtdes; C, typical grass flower 
showing (he essential floral organs necessary in fertilization. 

was another period of activity between 3 and 4 p. m. “No blooming 
occurred between 8 a. ni., and 3 p. m.” Sando also rejiorts that 
blooming is most active when the sun is sbining and the temperature 
70° F. or above. No blooming was ever observed at temperatures 
below 52°. He believes the delay or redtiotion in anthesis caused by 
a cloudy sky is duo more to the lowering of temperatures than to 
increased humidity. 

The views of Sando respecting the effect of humidity are confirmed 
by the studies of Stephens and Quinby {29) on sorghum {Sornhum 
tmlgare). They concluded, “Relative humidity apparently ditl not 
influence the time of blooming.” Since sorghum is a grass, it is 
interesting to note that under field conditions at Cliillicothe, Tex., 
the rate of blooming in the soighums was highest shorty after mid- 
night rather than in the early morning as Sando found for his Agro- 
pyron and Triiicum species growing in the greenhou^. Although the 
hour of maximum blooming activity in soighum varied with varieties, 
Stephens and (^inby state, “A relatively small proportion of flowers 
opened before 10 p. m. or after 8 a. m., but there wpe no hours in 
which flowers were never found openmg.” By placing plants in a 
dark room during the day and exposing them to artificial light at 


Personal correspondei 
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night the natural rhythm of blooming was reversed in 30 hours. It 
would appear, therefore, that light conditions are a most important 
factor in governing the time of blooming. They found, however, that 
lowering the temperature reduced the rate of blooming. 

Fruwirth {5) agrees with Stephens and Quinby regarding the effect 
of humidity but not as to light. In an experiment with ryegrass and 
orchard grass in which he placed a box lined with black paper over 
the plants to exclude all light rays, he found that the plants bloomed 
in spite of the lack of light. He concluded from_ tins experiment in 
which the heat was sufficient but light was lacking, that the latter 
seemed to be unnecessary for blooming. There is one criticism to be 
made of this experiment in that Fruwirth tlid not alternate darkness 
and light but leit the box in place day and night. Recent investiga- 
tions have emphasized the importance of tbe relative proportion 
of daylight and darkness in the reproduction processes of plant 
development. 

Wolfe {38) in his studies of orchard grass at Blacksburg, Va., 
observed 76.9 peicent of the flowers blooming from sunrise to noon, 
6.6 percent from noon to sunset, and only 0.3 percent from sunset to 
midnight. The maximum blooming occurred from 8 to 9 a. m. 

Jenkin (9) in 1921 observed for several grasses the time on “veiy 
fine days” when anthers were exserted under cool grepnhou.se condi- 
tions. These results show that the greater part of the blooming takes 
place in the forenoon. Ilis recorded observations were os follows: 

Lohum perenne. — Illooming period 9 a. m. to 11 a. lu ; maximum 9.16 to 9.30 
a m. 

Fe»luca rubra. — HloomiiiR period 9.45 a m. to 2 30 p. m ; maximum 12 to 1 
p. m. 

Aloju^citritu pratensis — HloomiiiK i)eriod 6 to 7‘45 a. iii. ; maxiiiiuni fi .30 to 7 30 
a. m. 

Phalarxi) aritntlinacea. — Blooniiiig period 6 to 10: 1,*) a. in.; maximum 6 to 0.30 
a. m. 

The author does not state in what month these obseiwations were 
made. He does say, however, that in the open "these species appar- 
ently flower rather earlier while in dull weather in the greenhouse 
anther exsertion may be considerably delayed and * * * niay be 

very poor for several days.” Jenkin found that orchard grass, tall 
oatgrass, and timothy, unlilce the perennial ryegrass and red fescue, 
begm blooming early* in the moniing. 

Self-Fertility in Grasses anij its Relation to 
Effect of Inbreeding 

The fertility of many important grass species has been summarized 
in great detail by Boddows (S), of the Welsh Plant Breeding Station, 
who mode a thorough review of the literature on this subject. He 
found that as a general rule the annual grasses were “highly self- 
fertile”, but the perennials shpwed a high degree of self-sterility. 
Exceptions occurred however, in both cases, and in certain species 
there was a marked variation in respect to tliis character within the 
species. Nilsson {21), of Sweden, made a detailed study of fertility 
and the effect of inbreeding in meadow fescue, orchard grass, and 
timothy. As would be expected, the effect of close fertilization or 
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inbreeding varies in different species according to whether they are 
naturally cross-fertilized or self-fertilized. The situation regarding 
these characters as they affect a few of our more important grasses 
will be found useful in breedmg by either selection or hybridization 
methods. 

Orchard grass or cocksfoot {JDadylis glomerata): Slaplcdon (^7) 
found D. domeraia normally ^tting much more seed when cross- 
fertilizetl tlian when self-fertilized, but C/Ontainuig “representative 

g iants which are highly self-fertile.” These results have been con- 
rmed by brooders in the United States and Canada. Stapledon 
says, “There is every reason to suppose that completely self-fertile, 
single plant lines could bo isolated.” Regarding loss of vigor from 
inbreeding ho concludes that on the average selfed plants are about 
half as vigorous as plants produced by crossmg. He found, however, 
certain “robust” plants that showed little loss in vigor when selfed for 
five generations. There is, therefore, an opportimity to use inbreed- 
ing methods on this species to purify lines. 

Perennial ryegrass (Lolium jierenne): Jenkin (10) and Gregor (7) 
report a low degree of self-fertility in L. perenne, hut great variation 
between plants in this respect. Some plants were completely male- 
sterile wliile others were comparntivcl.v self-fertile, so that Jenkin (10) 
concludes “breeding for self-fertility would not be a diflicvdt matter” 
in perennial ryegrass. Beddows (3) reports 3.6 times as much seed 
produced in open-fertilized as in close-fertilize<l plants. 


Loss of vegetative vigor resulting from continued^ inbreeding of 
uiiseleoted iierennial ryegrass plants is extreme. Jenkm (11) reports 
an average loss of vigor apjiroximating 63 jx^rcent when plants were 
selfed or fertilized wit h pollen from other plants of the same line. Ho 
concludes, “In perennial ryegrass loss of vigor from selfing is extreme, 
and consequently the results from other fonns of inbreeding will 
also be relatively pronounced.” Wenliolz and Whittet, of Australia 
(Y. B. Q.), confirm Jen kin’s results and have discontinued the practice 
(selfing) in breeding perennial ryegrass. 

Italian ryegrass (Lolium multiflorum): The conditions regarding 
self-fertility and loss of vegetative vigor are about the same in Italian 
as in perennial ryegrass. 

Crested wheatgrass (Agropyron cristatum): Wliite (Y. B. Q.), of 
Saskatchewan, reports that sterility is very niarked in caged or bagged 

f dants, although tlus evidence of self-sterility is not conclusive. He 
ound also a laige decrease of vegetative vigor in close-fertilized plants, 
which indicates a low degree of self-fertility. 

Slender wheatgrass (Agropyron paucofiorum)'. Malte (19), of the 
Central Experimental Farm, Ottawa, Ontario, Canada, reported in 
1921 that A. pauciflorum (A. tenerum Vascy) was self-fertile, and 
Wliite (Y. B. Q.) found this species almost completely self-fertile and 
showing no loss in vegetative vigor from continued selfing. This 
condition presents a strange contrast to the behavior of A. cristatum. 
Beddows (3), of Wales, agrees with White, finding both A. repens and 

(Y. B. Q,), tonncrly o, Rhode 
Island, reported A. alba (redtop) somewhat more self-fertile than 
A. tenuis (colonial bent), A. canina (velvet bent), or A. palustris 
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Hxids. (creeping bent). All of the Agrodin species showed a tendency 
toward loss of vigor from contimied selfing nltliongh only a few 
generations were obtained. 

Smooth bromegrass (Bromus inermis): White (Y. B. Q.) reports 
self-sterility “fairly marked” in bromegrass, but adds that there is 
a wide variation between plants. If this variation exists it woidd 
admit of the development of reasonably self-fertile strains. Beddows’ 
(S) results show a very high degree of self-sterility in B. inermis, 
but very little in B. cathnrticus {B. unioloides) and other annual 
bromes. Wliite also reports a marked ami progressive loss in vegeta- 
tive vigor from selling for four or five generations. This loss of vigor 
from selling is confirmed by MeConkey (Y. B. Q.), of the Ontario 
Agricultural College. 

Reed or tall fescue (Festuca elatior var. arundinacea): Beddows 
(3) found 5.1 times as many seeds developing in open-pollinated as in 
close-jmllinatcd inflorescences. Govaert (Y. B. Q.), of the Rijksstation 
voor Rlantenveredcling, Ghent, Belgium, reports a wide variation 
between individual plants, some being almost completely self-fertile. 

Meadow fescue {Festuea elatior var. pratetisis): According to 
Beddows (5), the meadow fescue is more self-sterile than the tall 
fescue. Open-pollinated panicles gave 22.3 times as many seed as 
the close-fertilized ones. As in the tall fescue, however, Govaert 
(Y. B. Q.), of Belgium, found a wide variation in individiial plants, 
the number of seeds on different plants varying from an average of 
less than 1 to 409 per inflorescence. There would seem, therefore, 
to bo an opportunity here to select self-fertile strains. G. Nilsson- 
Leissner (Y. B. Q.), at the Swedish Seed Association, Svaldf, Sweden, 
found cases of complete self-sterility in meadow fescue and a marked 
loss of vigor after repeated selling. 

lied fescue (Festuca rubra): Beddows (Y. B. Q.) found the self- 
fertilitvY in red fescue about as low as in tall fescue, selfed plants 
producing about one-fifth as much seed as those open-pollinated. G. 
Nilsson-Leissncr (Y. B. Q.), of Svaldf, found cases of complete self- 
sterility and a marked loss of vigor caused by selling, as he had in 
meadow fescue. 

Canada bluegrass {Poa compressa): MeConkey (Y. B. Q.), of the 
Ontario Agricultural College, reports this species largely self-fertile. 
Under such conditions there is probably very little decrease in vegeta- 
tive vigor caused by selling. 

Kentucky bluegrass {Poa pratensis): A considerable number of 
plant breeders and cytologists liave studied this important grass and 
found it unusually interesting from two angles— there is a wide 
variation in the number of chromosomes, and seed is produced, to a 
considerable e.xtent at least, apomictically. Musser (Y. B. Q.), of 
Pennsylvania, Brown (Y. B. Q.), of Missouri, and others report no 
self-sterility in Kentucky bluegrass and no apparent loss of vigor 
from selling. 

Sudan grass {Sorghum vulgare var. sudanense): Sudan grass, a 
close relative of the cultivated sorghums, is self-fertile. Robertson 
(Y. B. p.), of Colorado, reports no apparent loss of vigor after three 
generations of selling. Wenholz {S6, p. 33), of New South Wales, 
reports loss of vigor in some lines under continued inbreeding. 
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Fruwirth (5) reports a method of overcoming the handicap of 
sclf-stenhty in the perennial grasses that may be of great value to 
plant breeders. He <livided the chimp or tuft that had developed 
from a smgle seed and grew these parts of the same plant to maturity 
in separate pots or boxes. When these in<lividual plants were isolated 
as a group and allowed to bloom freely and interpollinate each other, con- 
siderable viable seed was produced. There wore, however, some cases 
where this method was not successful. With "French ryegrass” no seed 
was obtained, and Fruwirth concluded tha t these plan ts were completely 
self-sterile. o t. 

hELF-bTERILITY IN ItYBRlDS 

Self-sterility, or more pi-opcrly male-sterility, in the F, of inter- 
specific and in tergcncric grass hybrids is quite common (table 4). In 
niany cases there is variation in the degree of sterility among indi- 
viduals, but in moat cases backcrossing is required to produce seed. 
The number of ^If-fertilo segregates increases with repeated ])ack- 
crossing, which is an accepted procedure among breeders who are 
laboring to produce new varieties of value in practical agriculture. 
In some cases polyploidy is induced and increased vigor obtained by 
crossing the hybrid with a third species. 

Verushkine (35) re])orts that in general the fertility of the hybrids 
of Triticum and Agropyron exceed considerably the fertility of the 
ryc-wheat hybrids, and that it is somewhat higher than the fertility 
of Aegilops X, Trititum hybrids. He classifies the Triticum X 
Agropyron hybrids into the following groups in respect to the fertility 
of the first generation : 

1. T. vidgare'^ X A. elovgatuni 

2. T. durum X A. trUmnedium aiul A. inrhonhorum. 

3. T. vulgare^^ X A tvtermeihum und A. Inchophorurn. 

4. T durum X A. elovgatum. 

No trouble is experienced in the first groiq) in obtaining self-ferti- 
lized seed, but in the fourth group “junoiig hundreds of jdants” 
Verushkine and his associates found none self-fertile. 

Successful crosses of the two genera Festuca and Lolium are rcijorted 
by T. J. Jenkin (see footnotes 1 and 3, table 4), of the Welsh Plant 
Breecling Station. In many cases although seed set, none of it 
germinated. In other cases Fi plants were established, but these 
were male-sterile. They were, however, in many cases used success- 
fully as the pistillate parent in backcrosses on one of the parent species. 

Chromosome Complex of Grasses 

The basic chromosome number for grasses is usually seven. There are, 
of course, exceptions, like that of the Sorghum species, where the basic 
number is five. Cytologists have already determined the chromosome 
number in a large proportion of the grass species, and their summarized 
records are available to the plant breeder in several publications. The 
most extensive lists of chromosome numbers in grasses are those of 
Avdulow (2), Gaiser (6), and Tischler (SO). In order to make such 
data available to breeders in the United^ States, a condensed hst of 
reported chromosome numbers in grasses is given in table 5. 


I Synonym for T autivum. 
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No thorough investigation of the chromosome behavior during 
meiosis has been made for any of the forage grasses. A limited amount 
of information is available, however, regardinf' valence, lagging, etc., 
of the chromosomes of certain grasses. Wide differences m the 
chromosome numbers of individuals of certain species have been 
reported. These cliromosome irregularities naturally affect the 
behavior of hybrids and in some cases arc useful factors in maintaining 
the purity of selected strains. Thus in breeding orchard grass 
iPactylis glomerata) tlie Ontario Agricultural College {23) found the 
leafy pasture strain had 14 chromosomes while the common com- 
mercial strain had 28 chromosomes. Therefore the two strains do 
not cross readily; each remains pure or distinct. 

The pasture strain of orchard grass developed by selection in 
Ontario has 14 chromosomes, the same number as the so-called wild 
species Dactylis aschersoniana, accoitling to Muntzing (20) of the 
Swedish Seed Association. Muntzing found natural crosses of 
D. glomerata and D. aschersoniana near Svalof, although it was found 
very difficult to make tliis cross artificially. He found 21 clu'omo- 
somes in the natural hybrid, and when this triploid was backcrossed 
on D. glomerata the Fi had 35 chromosomes. These pentaploids 
were more vigorous than ordinary orchaz'd grass, and in their prog- 
eny individutils were found having 38, 39, and even 41 chromo- 
somes. Peto {24), at the University of Albwta, in his very detailed 
oytological studies of the Agropyron species, reported 14 and 28 
chromosome forms of A. cristatum and 21 and 28 chromosome forms 
of A. paueiflorum. 

Randolph (Y. B. Q.), cytologist. Division of Cereal Crops and Dis- 
eases, Bureau of Plant Industry, at Cornell University, found in 
Kentucky bluegrass {Poa pratensis) individuals having 48, 50, 54, 68, 
and 72 somatic chromosomes. The most common number reported 
for P. pratensis is 56. Practically all cytologists who have worked 
with tliis species have noted wide variations. Since 7 is the basic 
chromosome number in most grasses, if this condition is a tendency 
toward polyploidy the differences should bo various multiples of 7. 
Randolph’s results previously mentioned and those of Rancken {26) 
may be explained on the basis that these indicated variations from 
exact multiples of 7 are the result of the cytologists’ failure to distin- 
guish between whole chromosomes and fragments. These “super- 
numerary chromosome fragments’’ Rancken reports are present in 
Poa pratensis, Dactylis glomerata, Festuca elalior var. pratensis^ and 
Alopecurus pratensis. Chromosome fragments, Rancken beheves, 
may possibly act as phylogenetic factors. 

A peculiar chromosome relationship found in Phalaris species is 
reported by Jenkin and Sethi {16). P. arundinacea and P. tvherosa 
both have 28 somatic chromosomes showing 14 bivalents in the 
heterotypic metaphase. The basic number in these species is obvi- 
ously 7, but in P. canariensis the basic number is reported as 6. P. 
arundinacea and P. tvherosa were successfully crossed and the Fi had 
28 chromosomes, 12 bivalent and 4 univalent. Other instances of 
apparent aberrant chromosome conditions are recorded by cytologists, 
but those mentioned are sufficient to indicate the nature of such 
abnormalities in forage grasses. 



1069 


MISCELLANEOUS GRASSES 


The production of polyploidy or doubling of the chromosome num- 
ber by means of species crosses is illustrated by the work of Nilsson 
(Bl), Undrom, Sweden, who reports as follows: “From the hybrid 
F. [Festuca] arwndinacea X F. gigantea, which is highly sterile, 2 prog- 
eny plants were [obtained. Fi had the same somatic chromosome 
number (42) as the parents, but the progeny plants differed very much, 
one haying the somatic number 84.” This doubling of the chromo- 
somes is explained to have ori^nated by accidental intercrossing of 
the Fi hybrid and a third species, F. elaiior var. prcUemis. Such an 
explanation is said to be in harmony with the morphological char- 
acters. The author claims this has resulted in “a new polyploid type 
intermediate between the iiarents and highly fertile m comparison 

*’ Compatibility a Factor in Hybridization 


As hydridization investigations progress it is apparent that there 
are different degrees of compatibility not only between species but also 
between varieties and even strains. Thus Armstrong (1 ), when using 
Agropyron gUucum fis the pollen parent, was 32.2 to 34.6 percent 
successful with Triticum durum and T. dicoccum, respectively, as the 
pistillate parents and only 6.5 to 11.7 percent successful with three 
varieties of T. aestimm as the pistillate parent. Strain no. 820 of 
A. elongatum crosses on emmer (T. dicoccum) resulted in 38.7 percent 
success, while strain no. 1083 crossed with emmer gave only 1.5 percent 
success. 

Most workers have found a high degree of compatibility between 
Triticum aestimm and Agropyron elongatum and between T. durum 
or T. dicoccum and A. intermedium. A. trichophorum and A. junceum 
are also said to cross readily with wheat, but no one has been 
able to cross wheat with A. repens, and Sando reports failure in 
his attempts to cross wheat and A. smithii. Armstrong (1) and other 
Canadian workers have failed in their attempts to use as the_ pollen 
parent A. desertomm, A. dasystachyum, A. caninum, A. imbricatum, 
A. repens, A. cristatum, or A. richardsoni in crosses on T. durum, 
T. dicoccum, or T. aestivum. These unsuccessful attempts to com- 
bine the indicated species of Agropyron with the Triticum species, 
while not conclusive^ are evidence of incompatibility not appar- 
ent from morphological characters customarily used in botanical 
classifications. The examples given of differences between species of 
Agropyron and Triticum will serve to illustrate what the breeder may 
expect to encounter in other genera. 


Technique of Hybridization 

Jenkin, of the Welsh Plant Breeding Station, has, no doubt, studied 
this question to a greater extent than any other investigator. His 
recommendations (,9) as to the best methods of crossing grasses are 
given in a bulletin published in 1924, and a later r4sum6 {11) of the 
su^ect was publish^ in 1931. 

Cjeneticists usually agree that hand-crossing is the pnly method to 
follow if dependable results are to be obtained, and this is emphasized 
by Jenkin. He sets forth several rules to be observed in the work of 
hybridization: 


' Personal correspondence, WM. 
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1. No inflorescence of a species used for crossing should be allowed to flower 
unprotected in the greenhouse. This is to avoid free pollen floating about. 

2. All ventilators should be closed an hour or more before starting operations, 
to prevent drafts and allow free pollen to settle and avoid scattering pollen that is 
being collected for use in crossing. 

3. Soft brushes should be used in applying pollen. 

4. On both the pistillate and the pollen parent inflorescences should not be 
exposed any longer than absolutely necessary. 



Figure 24 . — Comparative size of florets of various grasses in comparison with the 
wheat floret: a. Wheat; b, smooth hromegrass; c, crested wheatgrass; d, orchard grass; 
e, woolly fingergrass; /, Kentucky bluegrass. X 9. Upper right natural size. 

6. Each brush should be sterilized after being used, and a sufficient number of 
brushes should be available so that no brush will be used more than once a day. 

EirmscuUaion Methods and Equipment 

Emasculation of all flowers left on the pistillate parent to be polli- 
nated is necessary except when that parent is known to be completely 
male-sterile. This operation must perforee be performed before full 
bloom occurs, but it is most easily accomplished just prior to this 
stage of development. In soi^hums the flowers may be successfully 
emasculated by inunersing the inflorescence in hot water for a short 
time. This method, discovered by Stephens and Quinby {28), may 
perhaps be equally effective on the smaller grasses, but until the exact 
temperatures required to kill the pollen on these grasses without 
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injuring the stig^s are determined, most breeders will continue to 
use the more tedious hand-emasculation method. 

The proMss of hand emasculation in grasses is very difficult owing 
to the small size of the individual florets (fig. 24). While Jenkin sug- 
gests ema^ulating with the naked eye or with the assistance of only a 
small hand lens, most breeders find minifying instruments necessary 
or at least very helpful. Instruments for this purpose should be 
capable of use without 
being held in the hand, 
since both hands must 
be free to manipulate 
the flowers. Magnify- 
ing glasses provided 
with a contrivance to 
hold them in position 
on the operator’s head 
are preferred by some. 

Others find binocular 
microscopes attached 
to a horizontal arm on 
a vertical stand of the 
proper height moat sat- 
isfactoiy for this work 
(fig. 25). Tl^en the 
lenses are adjusted to 
a lon^ focus there is 
little mterference with 
the movements of the 
hands and the delicate 
emasculation opera- 
tions may be carried 
out with more assur- 
ance than without such 
equipment. The use 
of a binocular in hy- 
bridization work with 

Fiffwe 25 . — A binocular microscope with horizontal arm 
m itfd4 by IJe Vimers adjustment as used in the emasculation of woolly finger- 
W/» research officer, grass for cross-pollination in the greenhouse. 

Division of Plant In- 
dustry, Pretoria, South Africa. Much of his work was with the EHgi- 
taria species, or woolly fingcrgrasscs, which have extremely small flower 
parts (fig. 24). Emasculation of such grass flowers without magnifying 
mstruments is well-nigh impossible. 

The technique that Sando (Y. B. Q.) developed in the hybridization 
of Triticum and Agropyron species is applicablo to other grasses. 
The necessary operations are described as follows: In preparing a plant 
for hybridization, several upper and lower spikelets of the inflores- 
cence are excised with a small scissors before blooming. Likewise all 
but the two lower florets of the remaining spikelets are removed. 
Emasculation of these flowers is then effected with slender tweezers 
and the inflorescence enclosed in a glassine bag. Several days later. 
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when the stigmas reach the stage of receptivity, the glassine bag is 
removed and pollinations are made, after whwih the bag is again 
replaced to remain until maturity. 

In the transfer of pollen the most successful results have been 
accomplished by holding a sheet of clean paper beneath the blooming 
flowers and slightly shaking them to cause the anthers to expel their 
pollen. This pollen is then placed in a convenient ring receptacle 



Figure 26 . — A handy pollen carrier devised by W. J. Sando, Uiiiled States Department 
of Agriculture, consisting of an adjustable ring in which are inserted capsules that may 
be readily removed and discarded after the pollination process b completed. 


(fig. 26), described in a previous publication (17). From this recep- 
tacle it is transferred with a pair of tweezers or otherwise to the stigmas 
of the flowers previously emasculated. The period of pollen produc- 
tion Sando finds can be extended considerably by the following 

E ractice: Holding a culm just below the inflorescence with the left 
and, the head is stroked upward Arigorously several times with the 
thumb and forefinger of the right hand. This induces the flowers to 
extnide their anthers, provided the temperature is favorable. Such 
artificial stimulation is most readily accomplished previous |to the 
active blooming periods rather than later. High humidity or rainfall 
causes the pollen to form a conglomerate mass through the absorption 
of moisture from the atmosphere. Such pollen is nonfunctional and 
therefore useless in hybridization. 

CoUeaing the Pollen and Pollinating 
It will be noted in the previous discussion that Sando applies the 
pollen with tweezers while Jenkin prefers to use a soft bru^. In 
collecting the pollen also Jenkin merely shakes the bagged heads until 
all the pollen grains are detached from the anthers and then pours 
the pollen out of the bag on a sheet of paper previously creased so 
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that it can be folded easily to collect the pollen in the middle of the 
sheet. 

The time of day when anthesis takes jdace in various grasses 
has been discussed under flowering habits. When two spetdes or 
two genera are being crossed, difllculty is sometimes encountered 
because the pollen parent does not reach the blooming stage 
at the same date as the pistillate parent. Some adjustment of the 
blooming period in most grasses may be effected by subjecting one 
or both parents to an artificial regulation of the day length. Sando 
(Y. B. Q.) used this method successfully to bring his Agropyron 
elongatum plants into bloom at the time his wheat plants were ready 
to cross-pollinate. 

The length of time^ pollen grains will remain viable depends alto- 
gether on the conditions in which they are kept. Wlien properly 
stored they have been known to remain viable several days, but the 
safest procedure is to apply the pollen immediately after it is gatliered. 
More latitude o.vists m respect to the receptivity of the stigmas. 
Stephens and Quinby (SO) report for sorghums that “stigmas were 
receptive at least 48 hours before the flowers bloomed and from 8 to 
16 days after blooming.” Jenkin (9) reports for Lolium perenne 
that the stigmas were recieptive in one case 13 days after emergence, 
but none were found receptive on the fifteenth day. It is apparent 
therefore that considerable time may elapse before pollen need be 
applied to the stigmas. 

While Jenkin advises repeated application of pollen, his data show 
ns good results from two a]>plications as from four or six. It would 
seem, therefore, that if the pollen is in good condition and is properly 
and thoroughly applied, one replication is sufficient. 

Isolation Methods and Materials 

Wlien hybridization is being conducted in a greenhouse, ordinary 
glassine or waxed paper bags have proved satisfactory for isolating 
the inflorescences of parent jilants. For field operations, however, 
Jenkin (11) found the glassine bags, as used in the greenhouse, useless, 
and ordinary parchment paper bogs equally unreliable. Cloth bags 
woven in seaimess pillowcase form and held in place by 8]iecially 
constructed frames proved most satisfactory. Extensive tests 
were made of various cotton fabrics, and it was found that many 
of these did not fully prevent the passage of pollen grains. 
However, Jenkin found a satisfactory standard fabric, the specifica- 
tions of wliich are: Threads per inch — ^warp 68, weft 65; count — waq> 
2/32 ’s, weft 16’s. 

Cages are also used in the field to prevent unintended jiollination, 
and special ventilated rigid boxes which may be adjusted over a single 
culm have been constructed and used by some breeders. The latter, 
how ever, are too expensive for extensive use. All experienced breeders 
agree that uidess great care is used in bagging, the result of other- 
wise careful work may be vitiated by unfavorable conditions within 
the bag. Failure of bagged heads to produce seed is in many cos^ 
caused by these unfavorable conditions rather than by incompati- 
bility of the parents. 
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Inheritance op Characters 

Only a very limited amount of data is available on this subject. 
Those who have studied Triticum-Agropyron hybrids agree that the 
perennial nature of the Agropyron parent is dominant in the Fi hybrid. 
The proportion of perennials quite naturally decreases rapidly in suc- 
ceeding generations of backcrosses on the annual Triticum species. 
According to Verushkine (36), only 43 to 66 percent of the second 
generation plants are perennids. He remarks that the Fj affords a 
wide segregation of characters and includes for the most part inter- 
mediate types. 

Armstrong (f ), of the Central Experimental Farm, Ottawa, Canada, 

E es with Verushkine in general as to the dominance of the perennial 
acter in the Triticum-Agropyron hybrids. He names sever^ other 
Agropyron characters that are dominant, but finds a condition of 
intermediacy in respect to quantitative characters such as spike 
density, glume width, and leaf width and scabrousness. Wlien 
awned wheats were used as the pistillate parent and A. glaucum 
as the pollen parent, the hybrids were awn-tipped, an intermediate 
condition. When A. elong^um was used as the pollen parent the 
hybrids were awnless in most cases. Both species of Agropyron are 
awnless. 

The presence in Lolium muUiflorum of a root substjvnco that causes a 
fluorescence on filter paper when examined under ultraviolet light has 
been used to distinguish this species from L. perenm. Woodforde 
(39), of the Tasmanian department of Agriculture, reports that this 
character is inherited as a simple Mendelian dominant aependent on a 
single factor. However, he found no genetic linkage between fluores- 
cence and awned flowering glumes, a distinguishing character of L. 
mvltijlorum. 

Jenkin (12), of the Welsh Plant Breeding Station, in a study of 
bulbous tall oatgrass, found in the Fi of a cross of the nonbulbous and 
bulbous forms an intermediate condition in respect to bulb develop- 
ment, although all Fi plants were definitely bulbous. In the Fa and 
Fa there was an apparent segregation for bulb development, which was 
hard to analyze, since a great majority of the plants were more or less 
bulbous. He concludes that more than one pair of factors is concerned 
in bulb development, and that the same is true of the hairiness of stem 
nodes, another distinguishing character of bulbous tall oatgrass. The 
value of this research lies in the fact that the bulbous form behaves as 
a weed in cereal fields under certain conditions, while the nonbulbous 
form does not. LITERATURE CITED 
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Table 1. — Devefopm 


•piilpr* nj important grasses mejui in hrvniing 1 


uroiic.oKOfpt the Mo<ll- 
anoan rcjilon and tho 
cm or dry portion of 


Itced or tall fosctir 
Moadow foscup,-- 
Itallanryntrasa - 


Mountain bluPKrass 

Annual blucgrA'is- 

Tanada blucEraas 

Kontucky bluenrass 

Rou|;h-stallcrd bluegrAss. 


Nfipo tj>lendent 

. Aegilapf crasta, A ailtwirica, A 
A ngnarrotn.A trlvnclahn 
Alopemrui pratenfh 


(0) Eastern Rlherla, Man- 
churia, northeastern China, 
Chosen, and Japan 


. Poaalpina. P allrnuafa, P. ntpioral 


Manchu reedgriiss 
Junirierice.-. .. 
Japanese millet . 
Broomcorn millet. 
Foxtail millet.... 

Brtstlegrasses 

JaiMnese lawnaras 
Manila lawngrass. 
Borghums 
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Table 1. — Development centers of important grasses useful in breeding — Continued 





(7) India, soutbeaatern 
China, Burnia, Malay 
Peninatila, Sumatra, Java, 
Borneo, Now (lulnea, Tai- 


(8) Australia, New Zealand, 
and Tasmania 


(U) £<iuatorinl Alriva. 


(10) Africa 
south latitt 
eludes sou 
and Tangs 


Nyassaland, Mozambiciue, 
Rhodesia, Bechuanaland, 


South Africa, and Mada- 


(11) Brazd, eastern Bolivia, 
Paraguay, Uruguay, and 
northeastern Argentina. 


(12) Andean region of Peru, 
Bolivia, Chile, and Argen- 
tina. 


(13) Southern Mexico, Cen- 
tral America, northwestern 
South America, and the 
WMt InrilM 


Common name 

Scientific name 

Angleton grass 

Andropogon annuJatvs. 

Dwarf bambera... - 

Bamboo 

"Doob” (Bermuda) graMi 

Finger millets 

Centipede grass... 

Ct/nodon dartylon. 

Elttuine eoracana 

J'^einocUoa ophinrotdts. 

C^on grass 


Kutki millet 

Panicum 

Edible bamboo 

'pivlfottachpi eduiis 

Sorghums 

Native^ grasses (grown in dry 

SoTQhum vutgare 

Curly _M itchell grtuss . . 

A Iriticaidti 

Flinders gra-ss ... 

Australian tussock grass - .. 
New Zealand tussock grass . . 
Silvery sandgrass 

Isntetaa membranaeea 

Poa caesmtosa 

P fltthetlttta 
ffpimjri hiT»uta 

Kangaroo grass 


Introduced grasses (grown when' 
rainfall is adequate) 

Rhodes grass 

Orchard grass 

Meadow fescue 

Italian ryegra.st> 

Chhrt) gayana 

Daitylis glouterata 

Fesluctt protfnsis 

Ijoliam miUtiftoTiim 

Dallis gras-s...! 

Blueslvm rchitivcs 

PaSpalitm dit(ttaiU7n 

Andropogon spp 

Tcil 

(iarib grass 

Wild barloys 

Jiragrottis ttitiffintca 

JCrtochioa polgmachya. 

Ifordeinn spp. 

Ouiiioa grtwttj 

Para grass 

nyparrhenm sjip 

PumcHin inaxnnum 

P purpuTttKcent 

Bcntham grass 

Kikuyu grass 

Pearl or cattail mUlet 

Pennmiiim hcnlhami. 

P clandeyltnum 

P glaucum 

P innkeri 

Napier or elephant grass 

Sorghums 

P pUTpureum 

Sorghum viilgarr. 

Grass sorghums 

"Rool gras” or rod grass. 

Herringbone grass 

S vulgare vars 

Thrineda fnandra 

Urochloa puHulans 

“Kwoek” (Bermuda) grass 

Cynodon daclyton 

C hirsutus 

Woolly ftngergrass 

Other flngergra.-<scs- 

Ihyitaria ertantha itolonifera. 
Wgdarfosp^ ^ 



Uyparrhmta spp. 

Sorghum imlgare 

S. evlgare vars 

Themtda triandra 

Tricholena roiea 
j^no^pru compretaus. 

Grass sorghums 

“Rool gras” or red grass — 

Natal grass 

Carpet Krobs 

Jaragua gross 

Rice 

Ilvparrhema tufa. 

MtUnis minuHflora. 

Oryza arUicu. 

Guinea grass 

Bahia grass 

“MalcUlo” or “each!” 

Reed grasses 

Panicum maximum. 

Paapalum noialum. 

Azovopus acoparlaa. 

COiamagroafia spp. 

Fescues — 

Muhly grass 

Bluegrasses - 

Peatuca spp 

Mnhitnbejgia spp. 

Giant reed 

Carpet grass 

"Malojilia” or Carlb grass 

Aruruio donax. 

Azonopua compreasus. 

Eriochloa potyatachya. 

Euehlaena mexieana. 
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TABI.K l.—DeveJopment centerg of important granges useful in breeding— Continued 


(14) Oreat PUIns and Inter- 
mountain regions of North 
America. 


(IS) Southeastern Canada 
and northeastern United 
States. 


Mexican leosinte . 

Wlidrico .. 

Ouinea graivt 

Baliia grass., 

St. Augustine EIASS 

Kastern gamagrasit..- 

Long-leaved gamagrass 

Uuatemala gross 

Com (maize) 

Native gnusses 

Thickspike wheatgraas 

Slender wheatgrass. 

Streambank wheatgrass .. 
Btuestem (western when 

B^e^nch wheatgrass 

Bearded whe.atgr^ . 

Big bluestem 

Turkeyfool 

SllverWrdgrass 


Six-weeks grama... 
Crowfoot grama... 
Side-oats grama — 


Black grama. . 

Ualry grama 

Kothrock mma... 
California bromegi 

Buffalo gnus 

Pine gra.ss 

Long-leaved sandgravs .... 

Canada wild-rye 

Ulant wild-rye 

Beardless wild-ryc 

Virginia wild-rye 

Blueliuncli fescue 

Six-weeks fescue 

Sheep fescue 

Red fescue 

Oreeuleaf fescue 

Curly me.squite 

Oalleta gras.s 

Junegra-ss 

flwltchgrass 

Canhy bluegrass 

Nevada bluegrass 

.Sandberg bluegrass 

Nuttallalkali-gra.s.s . 

Blowout grass.. - 

Indian grass - . .. 

Alkali sacatou... 


Virginia wlhl-rye 

American mannagrass — 

Switohgraas 

Reed canary grass.- 

Smooth oordgra.ss. . 

Big cordgrass 

Baltmeadow oordgnuw. . 

Prairie oordgtass.. 

Eastern gamagra-ss 

Wild rice 


Long-awned spear grass. 

Introdiiced grasses 

Crested wheatgrass 

Awnless broniogra.s$ 

Bulbous bluegrass 

Sudan grass 

Native grasses- 
Quackgrass... 
Amencanbea 

Big bluestem 

Little bluestem- - 


JS ptTfnnia 
Ori/za tatifoUa 
Pantcum majttmnm 

Pa^/um notttlum 
stfnotapbrum aecinidattim 
Trinsaeiim daclylmdt* 


Agrepyron dasystachyum. 
^ pnuciflorum. 

A tmithii 


'indropoyon furcahis. 


lioxUtfnvtd bcrbala 
B chTondroaioidft 
B cuTlipendtUa 
B erwpoda 
B hrnUa 
B. rothrocku 
Bromus eannalus 
Burhiof dttctytoidea 
C'alamayrotlit rubtscms 
CalamoMlfa lonyifotia 
Elymm canadensis 
E coniiensalus 
E triticoidfs 
E mrgtnicus 
Festuca idahotnsis 
P octogora. 

F vinduia 
JJitarla Mangni 
It jamesii 
Koctrna cristala 
Panicn m nrgaiu m 
Poa canbyil (P laengata). 
P. nemdensis 
P recandolP sandbergit). 
Puccmtllia nutlaUiana. 
Bedfieldia fltinosa 
Sorghastrum nutans 
Sporobolus aiTOides 
" -^yntandrus 


-.ZXbT' 

Btlpa comala 

Agropyran ertstalum. 

Bromus inermis 
Poa biUbostt 

Borghum cnigarc var sudanense. 

Agropyron rrpens. 

Amntophila brm/lgntala. 
Andropogon furcalvs 
A scoparlus 

Calamagrostis canadensis. 
Elymut mrginicus 
Ulycerta grandis 
Panicum virgstum 
Phalans arundtnacea 
Spartina alterniflora 
S. cynosuroides 
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Tablk 1. — Development centen of important grasses useful in breeding — Continued 



(10) Southeastern United Native grasses 

States Southern cane Arundinana iiii/aiiUa 

Small cane A tecia 


Virginia wilii-rye Klt/mus clrginlcui. 

Texas bluegrass - Poa arachntfrra 

Smooth corilgrass Spartina altermflora. 

Big cordnass.. .. S cgni»uroii(r> 

Saltnieadow cordgrass S patens 

Southern corilgrass S sparltnae 

Eastern ganiagmss Trtpsacum dactgloides. 

Southern wild nee Zhamapsis mdtacea 

Introduced grasses 

Carpet grass Uonopvs comprtssus 

Itescuo grass Hroiiius calharlieus 

Berraniw grass . . Cgnodosi datlvlon 

Centi|iede grass h'iemochloa ophturotdes. 

Bara grass. Pameum purpurascens. 

Dallls grass. . Paspnliim dtlatatum 

Bahia grass P nntatuin 

Vasoy grass P vrviUei 

Beurl millet.. Pennisetum gtancuin 

Napier grass P parpurtum 

JaiNincso cane Haecharuen rhinense 

Johnson grass Horgkum halepense 

Natal gravs ‘I'eichotaena rosea 
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Table 2 . — Objectives and progress in the selective breeding of grasses cu reported by vxtrkers in the United States and Canada — Continued 
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specific hybrids previously reported 




Table 3. — Nature and tdiaracteristics of interspecific hybrids previously reported — Continued 
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Table 4 . — Intergeneric hybrids previously reported 
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Table 5. — Chnmutvme numbers of ixirious ffrasses 


Qeaua and species < 


X. dasspkjilla 


Atlunpus tittoraHi 

A liftorahs (6ouaii) Pari t 

Agropfron actUum (DC ) Roeiii 

and Schult 

A. argilopoides Drobov 

A eaninum (L ) Beeuv.. 

A. ciliare (Trin ) Francli 

A ertslatum (L ) Oaertn 

A. crislatum (Fairway strain) 

A. dagnae Orosah 

A dasyilarhtum (Honk ) Scrilm.. 
A deicrtarum (Fisch ) Schult t--- 
^■1 elongatum (Host) Beauv f, . . 
A y/aucutn (DC ) Koem and 


.. Intirmedlum (Host) Beauv. 

(See A. obtutittsculum ) 

A japonicum Honda.-M japon- 

ease Honda 

A jmcsum (L.) Beanv 

A. mutabile Drobov 

A oWusluieutum I.ange- 4. inter- 
medium 

A. oHentate (L.) Room, and Schult. 
A. pauelfloTum (Schwein ) Ilitclic. 

A pTOstratum (Pall ) Beauv 

A.^^atverw (Pens ) Roein. and 

A. reverie (t ) Beauv 

A. r<c*ardionl‘‘^hfad 

secunduvt 

A semleoilatum (Steud ) Nees 

A sibirleum (Wllld ) Beauv f 

A. smllhU Hydb 

A smUhH var. mollt (Scribn. and 

Smith) Jones 

A spicalum (Pursh) Scribn. and 

Smith 

A. subiemndvm (Link) Ultchc 
(See A rietardsml ) 

A tuttguseeiue Drobov 

A. vlllostim (L.) Link 

AffrottUalba h 

A. nebuloia Bols. and Rent 

A. tennis SIbth. (See A. vulgaris ) 

A.verttaUalaVill 

A.vutgaTinWith.^’A tennis 

A. sptea-vevti L (See Apera spica- 
venti ) 

Alopecurus aequalls Sobol (See 
A fnims) 

A. agrestis L mgosvroides 

A. alpinus J. E Smith var elatus 


A.fvitusJ. E. Bmitht^-d. aegualis. 

A. geniculattis L_ - 

A. mgosuroides Huds (See A 
agrestis ) 

A. pratensis L 




(3) 


Oentui and species * 


A. elliotUl Chapm 

A furcttius Muhl - 

A arpllus L - liha^is grgllus 

A halepensis (h ) Brot. (See also 

Sorgkum talepense) 

A Halepensis var 

A intermedmsR Br ... 

A. nardus L ^Cgmbopogon nardus. 
A. pi^atherus H ick —A. condgla- 

A purpureo-serlceus Hoc'hst f- 

Sorghnm purpureo-sericenm 

A saceharmdes SwarU - 

A ecoporitts Michx 

A eoryAum (L ) Brot -Sorghum 


Piper- 

sudant 

A versicolor— Sorghum versicolor.. 
Anihephora hermaphrodila (L ) 

Antkoiavihum aririaium Boiss 

A odoralum L 

.dpera spica-xienli (L) Be.aiiv =< 

Agroslis spiea-venti 

Apluda mutica L 

A mutica L 

Aristida adscensionis L 

/trrhenatternm elallus (L) Mert 

and Koch 

Arthrojon almris Beauv. stibsp 

tangsdorfli (Tnn ) Hack 

A Mspidus (Tliimb ) Makino 

Arundinariafortunci (Van Houtte) 

RIvieret 

A. glaucescens (Wllld ) Beauv 

A htndsii Munro 

A. pggmara Kurz 

Arundinelta anomala Steud 

Arundodonax L 

Asprella hgstrlx Wllld ^—llgstru 

potuto 

Atropis distans (L ) Oriseb.-Ptic- 

anellia dlstans 

A dirtonj (L ) Oriseb 


Do.. 


ttlgeriensis Trahut... 

A Imrbata Brot t - 

A bruhnstana Gruner 

A. brevis Rothf 

A bgiantina Kocht 

A clauda Dur 

A.fatua L 

A flttveseens 


li-7'riselum jla-\ 


Dur t— 


> Authorities (or the botanical names used have been corrected to agree with the International Code and 
the U. S. Department o( Aeiiculture style. Those names for which no authority was given in the original 
are Indicated by a dagger (f) and the recognized authority tor the name has been Inserted, but this does not 
mean that the grasses were correctly identified by the cytologist. 

> Letters following chromosome numbers denote the number of times this number has been verified by 
other authors than the one indicated by the reference In the last column a-1, b-2, c-3, d-4, e—B, t-6, 
g-7. An asterisk (*) Indicates those reported os the “n” number, the number here given being double 
that reported. 

< Numbers in parentheses refer to References (or Chromosome Numbers, p. 10B9. Where a number has 
been verified by several workers, only the first report of that number Is cited. 

< W. N. Msrers, personal correspondence. 

•About. 
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•s of varioua ffiuses — Continued 


Oenns and spedea 


dnlftt (Ilochst ) JlauFskn t- 

^.rtrfjMaBchreb 

A Stand. t 

ifccfcTaannteerucof/ortnt* (li ) Host. 
JJaifnera bromoUa Hoclist ' 


a Panicnm 


ollgottaehva (Nult) Torr - | 

Bmtelaua Qracilii - 

BraeUaria «TiKOf/orin»i 
Smith) Orlseb 
erueatformt ) 

B mutiea (Forst ) Stanf.... 
Braehtpodium dUlachyon 
Beauv (See Trachtinia rfirta- 

B pinnatvm (L ) Beauv t 

B nlvaliettm (Huds ) Beauv... . 

Briia tUUior 8 Smith 

B martma L 

B media L - 

B minor L 

Bromvs oMInli Urobov 

B tttbidiuhleb 

B arduennentls l)um 

B anentie L 

B austra/ii R Br t 

B bretiart^aiut BuckI 

B britaeformii Fisch. and Mey... 
B cappadocictu Boiss and Bal... 

B carifiotw Hook and Am 

B. eannaiut var hoakerianut 

(Thurb ) Shear 

B. earikartlctu Vahl (See 
uniofoides ) 

B. eiliatue L 

B. cUuUut li. - 

B. erecitu Buds. 

B. erecliu Huds tubsp eu-erectut 
Aschers. and Qraeb. 

B. inermis Leyss 

B inermit iMyss 

B inurmediue Ouss.. 

B joponfciisThunb.-- 
B kalmii A. any.— 

B macrostacfcjrs Desf- 


Do... 


Do... 


B. maroinaiuf Nccs 

B. mouie Li - 

B. poctii CM Shear 

B. pUtanthra Bcribn 

B pumpeUianM Scribn 

B. ptirpurMCen* Dcl."B.r 

B. ronwWMHuds 

B. rtoidtu Roth. (See B. ri 
B. rifidui var. futtonii. ( 
cWotMvar gtusonii) 

B ruteru L (See B purpur- 


• L.M. Humphrey; personal correspondence 


Genus and species 


B. ualotOMici U B K »B cotfi- 

ttriicue 

B mncaatus Bleb- 

B witosM For.sk. t“B 

B oUloiut var SMSonti Ascbcrs 
and Graelin rifidus var 


„ aircnsBuekl =B carinatia 

BuchMdactytoUee (Nutt ) Engelm.| 
orundinBCca (L ) 


M) 

7,48) 


k»7,48) 

(47,48) 

(47,48) 

(47,48) 


(blabrom aniiiUica (L ) Beauv 

Centhruf barbalut Sebum. (Sec 
C cttlharttcui ) 

C brownli Uocm and Scbult 
(See C inflrzm ) 

C catharlituo Del t^C. borfmlus- . . 

C eckinaitu L 

C. (n/Irrws R Br =0 to-oicnit 

C mtomroider H. B K 

C MbaloideiL 

CeiUothectt lalifolitt (Osbcck) Trln 
CkaetunufatcictUottu Link 


(47,48) 


4 (L’)’Swarti»=C' tnjlola. 


C. oatana Kuntb 

C. inflattt Link (See 
t7 lubmutica H B. K. 


C barbala) 


Cmna arundinaeta L.. 

ClcMegcncs Krotltio (L) Kong 
(See Biplackne seroltna ) 

Coir laerfma-jobi L - - 

Corntieopiae cuenUatvm L ... . . . . 

Cortadena arfentea (Noes) Stapf ■= 

t’. setloam 

C oelloana (Scbult ) Ascbcrs ancj 
Oracbn (See C. artnUta and 
a$nenam argenteum ) 
CvrraephoTUi caneactne (L ) Boauv. 
Cgmt>os>ogon nardua (L ) Rcndle 
(See Andropogon nardat ) 

Cgnodon dadglon (L ) Pers 

C dactylon (L ) Per^ - 

Cffuauru* baUtntae Cosa and Uur. 
C erUtatW! L-— 

C. ccftinalM L... 

Dadgla aarheraoniana Oracbn t- 

I> glomaatak. - 

Baayloetenmm aegyptnm (L., 

J^^n^aUi eaeapUoaa (L ) Bmu 
B esmoKrio e(cu(« (JacQ ) Dum.. 

BigUarla exUU (Kipp ) Stapf 

D «nwufnofi* (L ) Swp - 

D. borfrontolij W illd t- - . - - - - - - 
Dinetra rarofleza (Vahl) Pan*--- 
Diplathm aerotina (T-) Linkt- 

OMtgenea aerotina—.-- 

EeUnaria tapdala (L ) Dwl- 

f»^LjCVv"M/.l 

HUSic - E. ervagain 

/rumentacea 
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Oenus «nd species 


^ Haenke subsp ef‘ 

(Ram ) 8t. Vves-F, carta v 

F car/a’var'Miiatlren. an'd do. 

(See F. carlo subsp etkia ) 

F carlo Haenke subsp «u-ca 
Hack var. genulno Hack - 

carlo Haenke 

Olpeerla oaualleo (L.) Wahlb. 
0. aqttallca v— — 
Aschers. 


artindinacra 
Wahl" - PuieinelUa diV- 


O /luUans(h.) R. Br... 

O nrrpaiaTrln ^G.slriala. 

a pllcalaFriea -^--v ^ 

0. spectttbitis Mert. and Koch -O 


0 . ^loio' YLam ) 'Hltchc' 


Gynerium etotnin 


(NCOS) Star 

- Cartadcria crtlooua 

Thvnalita vltloaa (L ) Schtir .. 
Ilrleockloa sthotnoiin (L ) Host , . 
HitroehModorata (L ) Beauv t- .- 

Itolcos lanatush 

II tnoHIcL - 

Ilordenm bulbotum h 

It eaupKocara Scrlbn. ....... 

Jfordeum eaput-nedutse (L.) f -oss 
aiidDur •ElpmuseainUmeditsae. 

11 jubalum L 

It Jtibaluvi L f 

H rnurlmm h — 

It. murinum I- 

if. nodosum I. 

It nodosum Lt 

It. pusillum Nutt t 

if, sfcollnum Schreb 

tt cl/cnilcum Huds 

if spolUanenm C. Koch . ........ 

ttvstrtz patula Moench (See 
AsprtUtt klfStrti ) 


, arundinacea Cyrlllo 

IsAatmum anlhsphoroldrs MIq— 

Koeirria erlslala (L ) I^rs 

K glttuea (Bchkuhr ) Dr 


K phleoidss (Vi 

Lagurus oeoliis 

iamarekia aursa (L ) Moench 

Ijsptochloa MirnsU (Both) Nees... 

L fitiformts (Rotb) Trln. ... 

i (ncurcoloc Trin.-Phollurui In- 


Imcopoa siUriea Oriseb.- Fsstttca 

sIMrfea — 'iL" 

Lo/luta Kalfcum A. Br.-i. mttla- 

floniin - 

L. llnicoium A. Br.'-L. rcmortim.. 

i. muttiflorum Lam 

h. pettnneL. 


(47.48) 

(47.48) 


L. perilcum Bolss. and Hoben.. 
Tsmotum Schrsnk. (See . 
Ilnicolum.) 


tgicurus pUtotdss H. B. K 

• About. 

138D04'— 37 1 


MeUca oltissima L 

Ai alia/a L (See Ai clHata (loss 
eligulata.' 
tiata flu- 

leadllala. . 

Ai nilcronika Boise. 

M. nutans L - 

Afe/lnis mlnuitflora Beauv — 

Atibora terna (Pers ) Beauv t 

MUmmtffusuml,... 

AI fernate Bleb - . 

AUscanthus japontevs (Thiinb ) 

Afiderss 

At saechaTifer (Anderss.) Benth... 

Ai sinentis Anderss 

Atonerma fullndrica (Willd ) Cow 
and Dur - Lepturus ciHndriciis.. 
AlvUenbtrgia glomtiala (Willd ) 
Tnn •^AluhUnbtrgia raermosa .. 

Ai fliciIfanB (L ) Trln 

panyens Thiirb 

raremosa (MIchx) BSP 
.See Atublenbngtu glomerato ) 

At. Sflzatica Ton (See Aitthlsn- 
bsrgta um6ro«a ) . . , , 

At umbrosa Hcrihn -AfrtAlenbergfa 




Nassflla Uiduioma^ (Nees) Hark 
(See Urathne Iticbotoma > 
Ophsmtnus bmmenii (Belt ) 


«. (L ) Beauv 

O vndutalifoltvs (Aid.) Hoein a 

ScUult 1 

Orfia cubensis Kkman 


P.dichoiomiilorum^ Mlcht... 




(Roxb ) Trlinen.f”f**ln‘>'*l“® 
crusgaiH var. fmmenlaeea.. 

P. ttndhdmsri Nash - 

P. millacsum L t - 

P. mihacca^m _L.^ 

?■ SicSuw ^in^- ^'arla pllcofo . 
P. iangvtnaU h - Digitarta cona»l- 


P. scribnerlanum Nash... 

P, spkasToearpon Ell 

P stMUosum Ashe 


P>»6eseen»Muhl (ScePn 
IcnAerrti) 

P icroWenlaftHn L— 

P. slolonlftrum Bose t 

P. Holtnaferum Bose t 

P.sirgatum L 


I. Humphrey, iiersonal correspondence 
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Table 5 . — Chromosome numbers of various grasses — Continued 



■ About. ’ B, L Setbi, personal correspondence. 

• L. M. Ilumpbrey, personal correspondence. 
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of various grasses — C'onliniied 
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IMPROVEMENT 
OF TIMOTHY 


MORGAN W. EVANS, Af«wK-iaie 
Agronomist, Division of Forage Crops 
and Diseases, Bureau of Riant Industry 


Timothy is the common name applied to the species Phleum 
vratense L. About 10 species in the genus Phleum are known, timothy 
being the only one under cultivation. The^ are all native to northern 
Europe and Asia with one exception. This one, a native in North 
America, is Phleum alpinum L., alpine timotliy— a grass that occurs 
throughout the mountainous regions in the western United States, and 
in the East as far south as the White Mountains of New England 

{20, p. 122)} 

While timothy is of European ori^n, it was in the United States that 
it was first brought under cultivation. The early history of the crop 
in this country is somewhat obscure, but mention of it in colonial days 
is not uncommon. In New England it was known as herd’s grass at 
least as early as the first part of the eighteenth century — probably 
earlier. The name “timothy” is said to have been derived from 
Timothy Hansen, who obtainecl seed from New England or New York 
and introduced it into Maryland, and possibly into some of tlie other 
southern Colonies, about 1720. Sometime after 1740 an early agri- 
culturalist, Jared Elliott, sent seed from Connecticut, under the name 
of herd’s grass, to Benjamin Franklin. In a letter dated July IG, 1747, 
Franklin wrote that the grass sent to him “is pown up and proves 
mere timothy” — vindicating that it had become fairly well established 
as a hay crop in Peimsylvania at that time {21). From then on the 
crop increased in use and imiwrtance and has received more attention 
from agriculturists than any other grass. 

In 1909, according to the United States census report, there was a 
total of 34,228,000 acres of timothy grown alone and in mixture with 
clover. In 1929 this acreage had decreased to 25,547,000, but it still 
constituted 37.7 percent of the total acreage used for tlie prorluction of 
all kinds of hay in that year. In 1928, the last year in which separate 
estimates were made by the United States Departinent of Agriculture 
of the acreage of timothy alone and in mixture with clover, timothy 
was grown alone on 8,537,000 acres and with clover on 16,078,000 
additional acres. 

For feeding horses, of which there are still large numbers, no other 
hay has been found as generally satisfactory as timothy. The cost 
of the seed is less than that of most meadow and pasture grasses ^d 
it can be sown more readily with the implements used for sowi^ 
clover and alfalfa. Although alfalfa produces hay superior to timothy 


‘ Italic numbers In parentheses refer to Lltenture Cited. P U18 


lies 
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in yield and in percentage of protein, timothy grows well on many 
soils on which alfalfa or even clover cannot be produced without a 
considerable investment for lime or drainage. Timothy is very 
extensively grown for hay in mixture with clover, and alfalfa can be 
more reatfily grown on some soils not naturally suited to it if it is 
sown in mixture with timothy. As a pasture grass, timothy is more 
palatable to livestock than many other grasses, including redtop, 
orchard gi’ass, and Kentucky bluegrass; and the recent increasctl 
interest in pastures has created an interest in the possibility of develop- 
ing varieties of timothy especially adapted for use in pasture mixtures. 

HISTORY OF TIMOTHY IMPROVEMENT 
Early Efforts to Improve Timothy 
According to available information, the first efforts to develop 
improved strains of timothy were made in the United States. No 
improvetl varieties were in exist- 
ence at the close of the last cen- 
tury, as there were of corn, oats, 
wheat, and other crops. The 
appreciation of the wide diver- 
sity in timothy plants, which 
made varietal improvement pos- 
sible, and the prospect of bene- 
fits to the protiucers of timothy 
hay, both for market and for 
use on the farm, if varieties were 
available that would produce 
larger yields of better quality 
than orilinary timothy, created 
incentives for the breeding pro- 
grams that were undertaken at 
this time by several experiment 
stations and other agricultural 
oi-ganizations. 

Willet M. Hays, professor 
of agriculture at the Univer- 
sity of Minnesota (fig. 1), made in 
1889 a number of selections of tim- 
othy plants. He had obsci-ved 
the wide variation in plants of 
ordinary timothy and thought 
that by selecting the beat from 
among them it would be possible to develop varieties, suited for growing 
in mixture with clover, that would prolong the season when timothy 
could be harvested in condition to make a high grade of hay, and also 
varieties capable of producing larger yields (13), No records have been 
found of any earlier attempt to improve timothy in this way, although 
Sinclair recorded the development of varieties of perennial ryegrass, 
through selection, more than a century ago (23, pp. 212-213). Hays 
discontinued his own work with timothy, but afterward, as the first 
secretary of the American Breeders’ Association and as Assistant 



Figure 1 . — Willet M. Uaya, ihe earliest 
:r of timothy. 
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Secretary of the United States Department of Agriculture he took an 
active interest in the improvement of this ci-op. ' 

In 1894 a few years after Hays made his first selections, A. D. 
Hopkins (fig 2), then entomologist at the West Virginia Agricultural 
Experiment Station, selected a number of timothy plants at his farm 
at Kanawha Station, W. Va. {I 4 , IS, 16). He continued this work for 
several years, making new selections and conducting tests of them for 
the purpose of eventually producing varieties with better quality and 

higheryielding capacity than the 

single unimproved strain then 
av^able. In 1899 he distributed 
plants of some of his selections 
to the Department of Agriculture 
and to a number of State agricul- 
tural experiment stations. In 
1902 he necame forest entomol- 
ogist and chief of the Division 
of Forest Insects, Bureau of En- 
tomology, Department of Agri- 
culture, but continued his work 
with timothy on his farms in West 
Virginia. About 1 907 or 1908 he 
transferred additional selections 
he had made to the Division of 
Forage Crops of the Department. 

Hopkins mcreased the stock of 
seed of three of his selections and 
introduced them as new varieties. 

Seed was distributed by him end 
by the Department to a number 
of farmers and experiment sta- 
tions. One of these varieties, * r» n i • u i 1 j 

Early, head^ and 

bloomed at somewhat more a„d seed were digtributed. 

nearly the same time ns medium 

red clover than ordinary timothy and thus was better for growing in 
mixture with this clover. Stewart Mammoth, derived from a vigorous, 
long-stemmed plant, was slightly later and was thought enable of 
producing somewhat larger yields than ordinary timothy. The third 
variety, Pasture timothy, diil not differ greatly in hahit of stem growth 
from the ordinary strain used for hay, but its leaves tended to remain 
green late, and, as its name suggests, it was thought well suited for 
pastures. 

Timothy Improvement by State Experiment Stations 



One of the comierators to whom A. D. Hopkins distributed plants or 
seed was T. F. Hunt, of the Ohio State University. Wlien Hunt went 
to the College of Agriculture at Cornell University, Ithaca, N. Y., in 
1903, he immediately began a timothy-breeding program. His 
objective was the development of varieties that would give a laiger 
yield of superior-quality hay, and he also wished to study some of the 
fundamentel principles upon which a timothy-breeding program should 



1106 


YEARBOOK, 1937 


be based. Seed was obtained from a large number of sources in the 
United States and from foreign countries. Plants were grown in row 
test plots, and from them many variants were obtained as the basis 
for further selections. When Hunt went from Cornell University to 
the University of California, the timothy-breeding investigations were 
continued by H. J. Webber and his associates. At the present time, 
the timothy-breeding work at Cornell is un<ler the direction of C. H. 
Myers. A number of technical studios of timothy, the variations 
occurring in it, and methods of improving it have been described in 
different published articles. Two varieties have been developed at 
Cornell, and efforts are now being made to have seed of them intro- 
duced commercially. One is somewhat earlier than ordinary timothy ; 
the other is later and produces relatively large yields; both tend to 
be rust-resistant. 

During the period from 1911 to 1924 the Iowa Agricultural Experi- 
ment Station tested about 300 timothy selections. Seed of the most 
outstanding one of these was increased and distributed to Iowa 
farmers, but the strain was finally lost. In Minnesota the early work 
started by Hays in 1889 was later discontinued, but in 1916 work was 
again resumed by others. Early work in timothy improvement was 
also conducted at tlie Pennsylvania station, starting in 1908, but was 
discontinued in 1931. Other stations that have more recently carried 
on work in timothy improvement are those of Kentucky, New Jersey, 
and Wisconsin. 

Timothy Improvement 

BY THE United States Department of Agriculture 

The earliest timothy-breeding work conducted by the United States 
Department of Agriculture was undertaken in 1899 bjr F. Lamson- 
Senbner, Chief, and Thomas A. Williams, Assistant Chief, of the old 
Division of Agrostology, with tests of some of the selections received 
from A. D. Hopkins, then at the West Virginia Agricultural Experi- 
ment Station. When the Offio.e of Forage Crops — now the Division 
of Forage Crops and Diseases — of the Bureau of Plant Industry was 
organized in 1903, C. V. Piper, who was in charge, became interested 
in timothjr improvement.^ From that time until 1909 a number of 
new selections of leafy, vigorous timothy plants were made. Tests 
were conducted at the Arlington Experiment Farm, Arlington, Va., 
of the new selections in comparison with some of Hopkins’ selections, 
and also in comparison with selections obtained from the New York 
(Cornell) Experiment Station. The timothy-improvement program, 
however, did not receive a very great amount of attention until a 
decade later when the Timothy Breeding Station was established in 
cooperation with the Ohio A^cultural Experiment Station. This 
work was conducted first at New London, Ohio. It continued from 
1909 to 1915, when the station was reestablished on a larger area of 
land at North Ridgeville, Ohio. Here the work was conducted until 
1935, when it was transferred to the Ohio Agricultural Experiment 
Station at Wooster. The outstanding varieties developed in this 
work are Huron and Marietta, desenbed later under the heading 
Improved Varieties. 
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Timothy Tmphovement in Foreign Countries 

Since the breeding of timothy was first undertaken in the United 
States, similar work has been conducted in Canada and in several 
countries in Europe. 

Some of the earliest European work was done at the Plant Breeding 
Institute at Svalof, Sweden. Several varieties have been developed 
there, some of which are adapted to difTerent regions, as southern 
Sweden, middle Sweden, and northern Sweden, where winter hardiness 
is an essential characteristic. 

Timothy-breeding investigations were undertaken at the Welsh 
Plant Breeding Institute at Aberystwyth, Wales, somewhat later than 
at wSvalof, and have been conducted on an extensive scale. Varieties 
suitable for hay production in Great Britain have been developed from 
native timothy plants. Other varieties, characterized by relatively 
small low-growing plants with procumbent stems tliat tend to become 
rooted at the nodes, have been found of value in pastures in Great 
Britain especially wlien grown in mixture with white clover. A third 
tvpe of timothy, midway between the typical hay-producing type ami 
the extreme pasture type, classified as “hay-pasture" timothy, also 
has been developed. The methods used in timothy breeding at 
Abeiystwyth have been described by Jenkins ( 17 ). 

Timothy-breeding investigations are also being conducted at agri- 
cultural experiment stations in Scotland, Belgium, Denmark, Ger- 
many, the Union of Soviet Socialist Republics, and ])ossibly elsewhere. 

OBJECTIVES IN TIMOTHY BREEDING 

It is comparatively easy to develop, within a few generations, a strain 
of timothy in which some single character, such as earliness or lateness, 
long stems, freedom from rust, or tendency to produce largo yields, is 
reproduced fairly well in the plants grown from seed. To produce a 
variety in which all of the desirable characteristics are combined is a 
much more difficult task. Furthermore, a certain variety of timothy 
may be adapted only to a more or less restricted area, ti'or instance, 
in northern Sweilen the Bottnia variety-is valuable because it is very 
winter-hardy, but in northern Ohio it apparently has no practical 
value because it produces smaller yields of hay than other varieties 
that are sufficiently hardy in this latitude, ^me of the late varieties 
that have produced relatively large yields of high-quality hay in north- 
ern Ohio are of no value in itentucky or farther south. It is therefore 
necessary to have varieties for certain regions as well as for different 
uses, and this must be recognized in any well-formulated breeding 
program. 

The most common disease of timothy is rust. Although plants in 
meadows are not often entirely destroyed by it, yet the growth of 
those that are badly attacked is checked, and the loaves dry iip pre- 
maturely. Some plants are more susceptible than others. Selection 
for rust-resistant strains has been one of the objectives of most breed- 
ers of timothy. When plants relatively free from rust have been 
selected, it has been found that their progeny tend to ^ rust-r^istant. 
In an investigation conducted at MacDonald College, Quebec, Canada, 
Bird 08) foimd that, generally speaking, the majority of improved 
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strains of timothy tested sliowed marked resistance to mst. Although 
strains differed greatly in their reaction to the disease, the reaction of 
individual plants within strains also varied greatly. No strains were 
found entirely free from the disease. Strains from Scandinavia 
were generally highly susceptible to rust, yet Gloria and 0tofte, two 
improved varieties, were outstanding in their resistance. 

Some of the earliest public discussions of the possibility of producing 
improved varieties of timothy, as of other farm crops, took place at 
the meetings of the Society for the Promotion of Agricultural Science, 
attended by many of the leading agricultural scientists of the last 
decade of the past century and of the fimt decade of the present one. 
A great deal of interest was aroused by Hopkins’^ papers on the 
improvement of timothy. He described many variations, such as 
early plants in condition to cut for hay about the same time as red 
clover and late plants producing hay that would retain green leaves 
and high quality for a longer time than ordinary timothy, and showed 
the possibilities for developing distinct varieties. Here, it seemed, was 
a new field of opportunity for service to agriculture. At the meeting 
at Columbus, Ohio, in 1899, Hopkins said tlint because of the pressure 
of official duties he thought he would have to give up his work with 
timothy. W. J. Beal, of the Michigan Agricultural College, one of 
the leading American botanists of that time, and also others pro- 
tested that Hopkins should rather give up his work with insects in 
order that he might be able to devote all of his time to the improve- 
ment of timothy. 

Present SriARCii for Leafy Pasture Varietif.s 

The present interest in improved pasture grasses has developed 
within the last 10 years. 

As already noted, pasture varieties of timothy already have been 
developed and introduced in farm practice by ^rae of the Euiwean 
agricultural experiment stations or plant-breeding institutes. _ When 
sown in fields to be used as permanent pastures, these varieties con- 
tinue to form a better and more persistent turf than ordinaiy timothy. 

At the New York Agricultural Experiment Station (Cornell), 
excellent results have been obtained with Aberystwyth Pasture 
timothy S. 50 when grown in association mth wild white clover under 
conditions of close grazing. 

In general, these low-g^wing European types of timothy produce 
very uttle seed in the latitude of Ohio; for normal development they 
require the longer days in spring and summer that occur farther 
north. If they are used, it may be necessary to have the seed pro- 
duced relatively far north, either in North America or in Europe, and 
to import it into localities where it is to be sown in pastures. 

Long before any of tiie special pasture varieties of timothy were 
introduced, ordinaiy unimproved American timothy had been used for 
pasturage. Farmers in the United States very commonly turn their 
farm stock into meadows during late summer or fall, after the first 
hay crop has been removed. It is also a common practice to utilize 
timothy meadows from which liay crops have been harvested as all- 
season pastures for 1 or more years before plowing for some other 
crop. 
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It is not unlike^ that some of the improved varieties of timothv 
elected primarily for them u^fulnessm meadows, may also be superior 
to ordmaiy timothy for use m pastures. ‘ 


Variations a Basis for Improvement 
Ordinary American timothy plants vary within quite wide limits in 
season of maturity, length and degree of fineness of stems, breadth of 
leav^, degree of susceptibility to rust, tendency for the leaves to 
mnain green as the seeds approach maturity, and in other ways 
These numerous variations and the different ways in which they are 



Figure 3 . — A timothy plant of the pasture type grown from seed from northern Europe. 

combined in different plants result in a very wide. range of variants 
from which selections may be made. 

In Europe, as in the United States, wide variation in timothy plants 
is common and some of these variants offer special opportunity to the 
breeder. A form occurs in extreme northern Europe that is entirely 
distinct from any found in the United States. Plants of this form 
grown in the latitude of northern Ohio are characterized by short 
stems, which usually grow more or less procumbent upon the surface 
of the soil (fig. 3) instead of upright like the stems of ordinary Amer- 
ican timothy (fig. 4). Relatively few of the stems have heads, the 
florets bloom late, and the seed frequently docs not form or fails to 
mature. Some of the more extreme plants of this northern European 
form produce no heads when they are grown as far south as northern 

Methods of Developing New Varieties 
Timothy is generally cross-pollinated. Experiments have demon- 
strated, however, that when imllen from the same plant is used 
to fertilize the florets, usually a small percentage of them produce 
seed. 1 V t. j 

Cross-pollination results in the occurrence of many natural hybrids 
between plants of diverse types. This provides a wealth of formS 
from which selections may be made, but makes the maintaining of a 
new variety more difficult. 
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The method used in the timothy-improvement work conducted by 
the Department in cooperation with the Ohio Agric\iltural Experiment 
Station is as follows; 

Seed from single-plant selecticns is sown in a seedbed or in a small 
broadcast plot. The growth of the plant of different selections is 
observed and compared in 
these plots, and plants are 
taken from them and trans- 
planted to cultivated _ row 
plots whore each individual 
plant has ample space for 
development. Later, from 
the row plot of each strain, 
one or more new selections 
are made of the plants most 
outstanding for the desired 
qualities. When, as a re- 
sult of repeated observa- 
tions and tests, a selection of 
sufficient merit is finally de- 
veloped, the supply of seed 
is increased, and it is intro- 
duced under an apipropriate 
name as a new variety. 

Since no provision is made 
during the early stages of 
selection to prevent the 
florets of the plant or plants 
of one selection from be- 
coming fertilized with the 
pollen produced by plants 
of other strains, the method 
is known as that of selection 
with open pollination. Ex- 
periments conducted over 
a number of years have 
shown, however, that when 
selection for some partic- 
ular quality or character is 
continued through several 
generations plants may be 
developed that reproduce 
themselves through seed 
fairly true for this character 

Fifftre 4. — A timothy plant having the relatively 

lone, upright stems characteristic of the American ' , , , , . . 

forms. At some other expenmont 

stations or plant-breeding 
institutions the seed of selected plants has been produced from sclf-fer- 
t^ized florets, that is, florets fertilized with pollen from the same plant. 
In this way it is possible to develop selections or varieties in which the 
plants conform to a certain type more closely than if they grew from 
seed produced under open pollination. In some strains of timothy 
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this uniformitv is attained only at the cost of nuich loss in vigor Our 
general knowledge of the science of plant breeding indicates that 
this deterioration may bo overcome later by artificially cross-polli- 
natmg two established uniform strains and producing a hybrid in 
which some of the most desirable characteristics of both parents are 
combined. 

At other pkces where timothy breeiling is being conducted both 
open-pollination and self-pollination are used, one method sometimes 
alternating with the other from generation to generation. 

When a variety of timothy is finally established and its seed is being 
increased and produced, on a lai^er scale, it is essential that indis- 
criminate cross-pollination ^th ordinary timothy or other varieties 
be avoided, or else the peculiar characteristics by which the variety is 
distinguished are likely to disappear. 

Improved Varieties 

Though no improved timothy varieties were available at the close 
of the past century, at the present time there are a number that are 
as distmct from one another as varieties of corn, oats, or wheat. 

Among those available commercially in the United States are Shelby, 
Huron, and the recently developed Welsh pasture strain, of wWch 
very limited quantities of seed have been imported from Great Britain 
witliin the last 2 or 3 years. 

In other countries, additional varieties, mentioned in table 1 in the 
appendix, have been introduced. 

The Shelby, an early-maturing variety grown in southern Indiana 
for many years, apparently is the result of regional selection. Wilham 
Zoebel, of Shelby^e, Ind., producer of the variety, grew his own 
timothy seed from about 1855 until the time of his death in 1892, and 
his two sons continued the practice. Most of the Shelby timothy 
grown on other farms in the vicinity can be traced to the Zoebel farm. 
The relative time of maturity of this timothy when William Zoebel 
began growing it is not known. The information available, however, 
indicates that the characteristic of earliness developed gradually by 
natural selection. Zoelicl harvested his timothy for hay when the 
earliest heads were mature. Some of the seeds from the riiie heads 
shattered in the mow, or where the hay was thrown down to the 
floor below. The mixed chaff and seed was swept up and the seed 
was separated with the fanning mill. This process, which was repeated 
year after year and continued at least up to 1930, supplies an explana- 
tion of the origin of the variety that is satisfactory and may be assumed 
to be correct. Little or none of the seed is shipped away from the 
vicinity. Many farmers of the district who do not produce their own 
seed purchase seed of Shelby timothy if it is available. If it is not 
they get seed of ordinary timothy from somewhere else. Thus the 
early variety and ordinary timothy have been grown on different farins 
in the same locality, but Shelby timothy has retained the characteristic 
of earliness. 

The Huron is a late-matuiing variety developed in Ohio. Plants 
grown from the seed of Huron timothy are shown in figure 5 (5). 
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In 1911 the plant from which this variety originated was found 
growing along a road near Wakeman, in north-central Ohio. It was 
transplanted to the timothy breeding station at North Ridgcvillo 
where it was grown in experimental tests. Seed was later distributetl 
to agricultural experiment stations in other States. In the Pacific 
Northwest, in nearly all trials, the yields have been lai^er, the plants 
have remained in condition to make a good quality of hay later in the 



Figure 5 , — The six plants at the right, grown from seed produced by the original 
plan^ of lluron timothy, are more uniform and are more vigorous and larger than 
the six plants of ordinary timothy at the left. 

season, and they have continued to grow for a longer time in pasture 
mixtures than ordinary timothy. The lluron is now most e-xtensively 
grown in northeastern California and western Oregon, though it has 
been found well-adapted to unirrigated land in northwestern Cali- 
fornia and western Washington, as well as to the irrigated and inoister 
valleys of eastern Oregon, eastern Washington, and northern Idaho. 
The use of the variety, especially in pastures in mi.\ture with other 
grasses and clovers, has been gradually expanding. It was estimated 
at the Oregon Agricultural Experiment Station early in 1936 that, in 
addition to its being useit on several hundred acres seeded to this 
variety alone, it has probably been sown in pasture mixtures on at 
least 8,000 to 10,000 acres. 

Another selection developed at the timothy breeding station. North 
RidgevUle, Ohio, is about to bo introduced under the varietal name 
Marietta, In northern Ohio it is 4 or 5 days earlier and in southern 
Ohio about a week earlier than ordinary timothy. Tests have 
demonstrated that it yields more than ordinary timothy, especially in 
the latitude of southern Ohio. It arrives at a stage of development 
suitable for cutting for hay at more nearly the same time as medium 
red clover or alfalfa than docs ordinary timothy. The Ohio Seed 
Improvement Association is plannmg to assist in the introduction of 
M^etta timothy into farm practice in those parts of the State to 
which it is well adapted. 

Since the primary objective in most timothy-breeding programs is 
increased |iay production, most of the improved varieties developed 
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to date are primarily hay vanetiM. Some of them, like that shown 
m fi^re 6. A, are earher than ordmary timothy. One of the charac- 
teristics of an early timothy is that it is capable of producing elon- 
gated stems mth heads, and the florets bloom and seeds form on 
them under shorter days than we required for late varieties, such as 
the one in figure 6, B. For this reason, early varieties can produce 
a hay crop in the South, where the days during spring and summer 





Figure 6. — A, A plot of early timothy, full-headed and beginning to bloom; B, a plot 
of late timothy, with stems grown to only a part of their full length. Photographed at 
North Ridgeville, Ohio, June 20, 1933. 

are too short for the proper development of late varieties. Trials in 
southern Ohio and at the Kentucky Agricultural Experiment Station 
have demonstrated the correctness of uie theory that near the south- 
ern border of the timothy-producing area in the United States early 
varieties produce materimly lai^er yields of hay than late varieties. 

Distribution of Improved Varieties 

In Sweden certain organizations formed for the purpose of introduc- 
ing the seed of new and improved varieties of all kinds of farm crops 
have been instrumental in having some of the new varieties of timothy 
grown. No oi^anized effort of uiis kind has yet been made on a large 
scale in the Unit^ States. . 

At Cornell University and in Ohio seed has been distnbuted to 
farmers who expect to harvest a seed crop. The same method is 
used in Ontario, Canada. In Quebec the seed is sent to the Pri^incial 
seed farm and from there to Provincial seed centers. In Grc^ Bntam 
improved strains are now being grown on a commereial scale by se^s- 
men. In Sweden all seed is sold and distributed by the Svamf Steed 
Co., which has a monopoly on all varieties produced by the Swedish 

The increased cost of seed must always be t^en into consideration 
in the establishment of new crop varieties. The seed of improved 
varieties of timothy necessarily sells at a somewhat higher pnee than 
that of ordinary unimproved timothy. This is because the seed 
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grower must use extra care not to have any ordinary timothy plants 
growing in mixture where seed of the improved variety is being 
produced. Further, if the seed is certified, the cost of inspecting the 
meadow must be added. However, the total qiiantity of timothy 
seed req^uired for establishing 1 acre of meadow is so small that the 
slight additional cost for the improved seed should be no objection if 
the varieties are distinctly superior. 

Since relatively long days are required for their development (7), 
it appears probable that the usefulness of late varieties of timothy 
will be restricted to latitudes no farther south than the northern part 
of Ohio (S). When grown under suitable conditions, it has been found 
that the better late varieties iiroduce somewhat more hay than 
ordinar}' timothy, though usually these increases in yield per acre 
do not exceed a few hundred pounds. The leaves on the best late 
selections remain green for a longer time than those of ordinary 
timothy, and consequently the protein content and quality of the 
hay remain at a relatively high level for a longer time. On farms 
in the northern part of the United States, where relatively large 
acreages of clear timothy hay are harvested and where there is 
difficulty, because of unfavorable weather conditions or the pressure 
of other farm work, in harvesting ordinary timothy early enough 
to produce hay of a high quality, late varieties would have certain 
advantages. 

Timothy is now being prown in mixture with alfalfa in an increasing 
area each year (1). This mixture should be harvested early, before 
ordinary timothy has begun to bloom It is apparent, therefore, 
that an early variety of timothy, that would be in bloom when the 
crop should be harvested, is most suitable for such a mixture and 
should be supplied by the timothy breeder. 

No varieties of tiiiiothy that are ])rimarily pasture types have yet 
been produced in the United States. The Welsh pasture variety, 
seed of which is now available to a limited extent, is characterized 
by its short, low-growing stems, and it wouhl produce much smaller 
yields of hay than any of the hay types. There has been so little 
experience in this country with the hhiropean iiasture varieties, 
even experimentally, that it is not yet clear just how useful they 
may be. 

As indicated in the preceding paragraphs, the principal objectives 
in the improvement of timothy are the development of rust-resistant 
varieties; early varieties suited to the southern part of the timothy- 
growing area; late varieties for the North, for use where timothy 
meadows are maintained for 2 or more years; varieties adapted for 
hay production when grown in mixture with clover or alfalfa; and 
varieties for use in pastures. 

Technical Research 

When T. F. Hunt began the timothy-breeding investigations at 
Cornell University in 1903, seed was procured not only from many 
different places in the United States and Europe but also from other 
countries. The plants grown from these lots of seed revealed the 


* Tbll section is written primarily for studenta and others proressionally interested In breeding or genetics. 
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existence of a vey wide range of types m. Some of the strains at 
Comell were used by Clark (3) in a technical study of variation and 
corre ation in timothy. Smith and Myers (34) have recently pub- 
lished the results of a biometncal analysis of yield trials. 

Investigations at MacDonald College on the rust resistance of 
improved strams have been previously referred to. 

^ Oregor and Sansome (iO) found that the low-growing forms of 
timothy plants with more or less procumbent stems, which occur in 
Great Britain, have 14 chromosomes (2n), whereas the plants with 
longer, more nearly upright stems have 42 chromosomes (Bti). Plants 
of the latter type, winch occur both in Europe and in North America, 
were designated by these authors as the “American” and the 
low-growing forms as “British Wild” type. Gregor at first found 
these two types are intersterile (9), but according to a recent report 
(18) they later were able to produce artificial F, hybrids between 
them. 


Sethi, in a study conducted in India of Phleum, Phalanx, and 
Festuca, found seven as the basic chromosome number in each genus 
(33). In Phleum, wliile different morphological types interbreed 
quite readily provided they have the same number of chromo- 
somes, diploid and hexaploid types can be crossed only with great 
difficulty. 

At the Plant Breeding Station at Svalbf, Sweden, Muentzing (19) 
observed and studied spontaneous hybrids between Phleum prateme 
and P. alpinum (4n). Some of these hybrids were approximately 
pentaploid. 

The extent to wliich timothy florets produce seeds under conditions 
of self-pollination has been studied by Witte (37), Valle (36), and other 
European investigators. In general, it has been found that when 
they are self-pollmated the average percentage of florets producing 
seeds is very much less than under natural conditions that permit 
cross-pollination . 

A series of genetic studies of timothy has been conducted at the 
Minnesota Agncultural Experiment Station. Hayes and Barker (11) 
found that there is a considerable amount of venation in the extent 


to which timothy may be self-pollinated. Some plants are highly 
self-sterile, others are highly self-fertile. Clarke found that although 
a few of the selfed lines were markedly reduced in vigor the majority 
compared favorably in yielding ability with the open-pollinated com- 
mercial strains (4). He observed that when timothy seeds are 
produced by self-fertilized florets for a few consecutive generations 
the plants grown from these seeds are more uniform than plants 
grown from seed from open-pollinated florets. 

Hayes and Clarke, in an investigation conducted at the Minnesota 
Experiment Station (12), found that selection in self-fertilized lines is 
a logical means of freeing the lines of undesirable recessive characters 
and of obtaining vigorous lines that excel in such important characters 
as yielding ability and disease resistance. On the other hand, it has 
also been found elsewhere (6) that when selection for any particular 
type is continued, even under natural conditions favorable for open 
pollination, the plants of many strains representmg several generations 
of selection show a high degree of uniformity. 
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ALFALFA IMPROVEMENT 


II. M. TYSDAL, Assoriule Agroiiouiist, 
H. L. WESTOVER, Senior AgrouoniiBi, 
Division of Forage Crops and Diseases, 
Bureau of Plant Industry > 


Alfalfa means “best fodder” in Arabic, the language from which 
the crop received its name. Botanicnlly it is known as Medicago 
sativa L. In England and most other European countries it is called 
lucerne, perhaps after Lake Lucerne and Lucerne Canton, in Switzer- 
land, where alfalfa was grown at an early date, though some believe 
the name was derived from the Spanish or the French. 

Alfalfa is a member of that hirge and important proup of plants 
called the legmne or pea family, characterized by ability to provide a 
home for useful bacteria that take nitrogen from the air and store it in 
a form available to plants, thereby enriching the soil. The home for 
nitrifpng bacteria is on the roots in what are known as nodules, which 
look like small detachable lumps or knots. The soil-improving value 
of legumes, combined with their forage values, makes them one of the 
great economic plant families. 

In 1929 alfalfa hay was producetl on approximately .‘15 million acres 
throughout the world, according to Klinkowski (1.9).“* In addition, a 
proportionately large acreage was devoted to alfalfa-seed production 
in those regions where climatic and soil conditions are conducive to seed 

' The authors gratefully ackno« ledge the asMstauce of N' I' Peter>en, » ho i.reiiareil tlip key on the tsjni- 
mon gpeciea of Mrdleaga 

• Italic numbers In parenths'es refer to l.lteratiire Clleil, p 1117 


THE most serious threat to alfalfa growing in the United States 
is the insidious disease, bacterial wilt, which kills stands of sus- 
ceptible alfalfa in 2 to 4 years. In the large area where this disease 
is present — and it is spreading to other areas — it annually destroys 
hundreds of thousands of acres of alfalfa, with aggregate losses 
equivalent to those that tvould be experienced by fanners as a result 
of flood, drou^, or any other major disaster. If varieties or strains 
could be developed that were sufficiently resistant to maintain stands 
even 2 years longer, these farmers would be saved many millions of 
dollars. This is one of the problems on which alfalfa breeders are 
now ivorking, and promising progress has been made. 
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setting and maturity. Argentina reported 14 million acres of alfalfa 
hay in 1929^ the United States nearly 12 million acres (fig. 1), and 
IVance 3 million acres. Other countries reported smaller acreages, 
but the crop was widely distributed. Since 1929 the aggregate acre- 
age of alfalfa is believed to have extended, but there are no available 
figures to support this belief. 

There are many types of alfalfa, and they displav wide differences 
in their adaptation to environmental changes from the Mexican to the 



Figure L — Jlieiribution of alfalfa production in the United Slates in 1929. Approxi. 
mately 11,500,000 acres were cut for hay in that year. 


Canadian bordera and from the arid West to the humid East. They 
differ not only with respect to soil and chmate, but also with respect 
to their resistance to disease and insect injury. 

These differences, long recognized by alfalfa growers and research 
workers, are now being utilized by plant breeders as the basis of im- 
provement of the crop, and the results of breeding work to date indi- 
cate that superior strains can be developed that will make possible an 
even greater use of alfalfa on the farms of America. 

EARLY HISTORY 

The best authorities agree that the original home of alfalfa was in 
southwestern Asia, from Mesopotamia northward across Persia and 
Turkistan to Siberia. De Candolle {4) states that it has been found 
wUd, with every appearance of being an indigenous plant, in several 
provinces of Anatolia, to the south of the Caucasus, in several parts of 
Persia, in Afghanistan, in Baluchistan, and in Kashmir. More re- 
cently, Department of Amculture explorers have found many so- 
called “wild alfalfas” in the region of Thirkistan, so there can be no 
doubt that alfalfa got its start m this general region. 
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Alfalfa was probably planted in this region by half-civiUzed man 
ages before any history was written. The earliest records indicate 
that by that time man had discovered the superior feeding value and 
soil-building properties of alfalfa. One of the earliest Roman agri- 
cultural writers, Columella, stated in De Re Rustica, written about 
56 A. D., that all emaciated cattle whatsoever grow fat on it and that 
it fertilizes the land. 

Alfalfa was thus developed m diy regions and was usually found in 
river valleys with soils rich in lime and of alkaline reaction. Wing 
(3^) has suggested that the gra-ss eaten by Nebuchadnezzar when he 
was driven into the fields was none other than alfalfa growing in the 
fertile valley of the Euphrates River near Babylon. The earliest 
records alluding to alfalfa were discovered in Babylonian text written 
in 700 B. C. In this reference alfalfa is listed under its Persian name, 
aspasti, by the gardener of the Babylonian King, Mardukbalidin, 
which shows that alfalfa was known in the palace grounds of that day. 

From this point on the story of alfalfa becomes history. Pliny and 
Strabo, both early Roman writers, recor«l that when the Medes and 
Persians invaded Greece in 490 B. C., they introduced alfalfa into that 
coimtry for the sustenance of their chariot horses, camels, and domestic 
animals. The plant was named medic, to denote its Median origin, 
and it has retained this root in the present botanical name, Medicago. 
This is believed to be the first introduction of alfalfa into Europe. 
From there it spread to Italy and during the next centuries to other 
European countries, including Spain. Thus the queen of forage 
plants, as it has been called, followed the path of historic civilizations 
and conquering armies from East to West. 

Introduction into the Americas 

The first introduction of alfalfa into the Americas was through the 
Spanish explorers. When Cortez and Pizarro had completed their 
conquest, the natives had alfalfa in lieu of their gold. This was at the 
beginning of the sixteenth centuiy, and alfalfa soon became distributed 
over Peru and Chile. It is probable, though not certain, that some 
of the Catholic missionaries brought alfalfa from Mexico into southern 
California, New Mexico, and Arizona. Be that as it may, there was 
no decided spread of alfalfa growii^ in North America at this time. 

The English, French, and Germans introduced alfalfa into the 
colonies of the Atlantic seaboard under the name of lucerne. There 
was some success in growing it in Virginia, North Carolina, Pennsyl- 
vania, and New York, but there were also some disappointments, due, 
no doubt, to a general lack of well-drained limestone soils and also 
to lack of knowledge of the necessity of inoculating for nitrogen-gather- 
ing bacteria, which, when present, grow on the roots of legumes. 
General Washington tried alfalfa at Mount Vernon with enough suc- 
cess to warrant planting a field of it in 1794. Thomas Jefferson, ac- 
cording to Spurrier, took considerable pride in his lucerne field, which 
was in production prior to 1793. 

To trace the further introduction of alfalfa into the United States, 
it is necessary to return to the west coast, where in the gold rush days 
of the 1850’s many prospectors came via the all-water route around 
the Horn to California. Some of them stopped at Chilean ports en 
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route, and, curious as to how this new plant would grow in the new 
country, took some seed with them. One of the first growers of 
alfalfa in California, according to the account related by E. J. Wickson 
to Wing, was W. A. Cameron, of Marysville, in the Sacramento 
Valley. He produ^d alfalfa in 1851, and his seed came from Clule. 

I^m the b^inning alfalfa produced remarkably good crops in the 
fertile irrigated valleys of CaJifomia, and it is not strange that its 
gradual spread was across the oountiy from the West rather than from 
the East, because, although it had been grown continuously in New 
York for oyer a century, it received its mam impetus from the success 
it had attained in the West. From California it was soon taken to 
Utahj where the Mormons found it extremely satisfactory. It was 
then mtroduced into Colorado, Kansas, and Nebraska. According to 
the 1916 report of the Kansas State Board of Agriculture (8, p. 11), 
one of the first succossfrJ growers of alfalfa in Kansas was Charles J. 
Grosse, of Marion, who received his seed m 1868 from the Trumble 
Seed House on Sansom Street, San Francisco, Calif. In the 1890’s 
alfalfa had become an important crop in Kansas and spread into 
Nebraska, where it was also successful. By 1900 it had crossed the 
Missouri River and become important on the well-drained and alluvial 
soils of Iowa and Missouri. Then it s]>read across the Mississippi 
into Illinois. Wing had previously carried the crop from a ranch in 
eastern Utah to Champaign County, Ohio, where he established one 
of the first really successful alfalfa projects in the State. 

Considering the historical backgrou'^d of alfalfa production in this 
country, it is probably safe to assume that the so-called Common 
alfalfa now being extensively grown originated from the early intro- 
ductions of Chilean alfalfa. It is also evident that through the years 
the crop has been remarkably changed by natural regional selection. 
As inmeated by Westover (SO), strains developed that have the 
ability to become relatively dormant in the fall and resist cold, as is 
the cose with Northern Common. Other strains, such as the Com- 
mon alfalfa found in the South, grow rapidly late in the fall; in other 
words, they do not respond so greatly to the shortening day length. 
Hybridization no doubt has also been a factor in this adaptation, out 
segregation by survival has been predominant. 

Grimm Alfaua 

At about the time alfalfa was being introduced into California, 
another circumstance was paving the way for the growing of alfalfa in 
northern climates. In 1857 Wendelin Grimm brought his family 
from the Grand Duchy of Baden, Germany, to Carver County, Minn, 
(fks. 2 and 3). In the spri^ of 1858 he sowed 15 or 20 pounds of 
alfalfa seed brought from his native land. This proved to be the 
origin of what was later called Grimm alfalfa — the ^t alfalfa grown 
in country that had sufficient hardiness to withstand the cold 
winters of the North. Many attempts had been made to grow the 
nonhardy alfalfas in Northern States, but this invariably resulted in 
winter-killing. The advent of Grimm alfalfa greatly increased the 
acreage importance of the crop. 

There can be no doubt that the wide distribution of Gnmm today 
is due to the comparative testing of experiment stations, where ite 
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superiority was proved and given publicity. This alfalfa was grown 
in practical obscurity for almost 50 years before it came to the atten- 
tion of eimeriment station officials, after which it was soon widely 
known. It would bo hard to find a better example of the leadership 
afforded by experiment stations in agricultural work. 

The discovery — and it can well be called^ a discovery, because very 

little was known regarding 

the adaptation of alfalfa in 
this early period — that cer- 
tain strains were not adapt- 
ed to certain regions while 
others thrived there, was an 
important one. No longer 
could a prospective grower 
just ask for alfalfa seed— he 
had to be sure of the kind 
of alfalfa seed he was get- 
ting. Some confusion thus 
arose because it was impos- 
sible to tell one variety 
from another by the seecl, 
but fortunately this diffi- 
culty has been overcome by 
certification and verifica- 
tion seiwices made available 
by State and Federal in- 
stitutions. 

Early Breeding Work 
Without doubt, natural 
selection in alfalfa, helped 
here and there by the will- 
ing hand of man, has taken 
jfiace for many generations, 
^is is evident from a com- 
parison of our vigorous- 
growing, sturdy cultivated 
Figfire 2. — Mr. and Mrs. VI'eiideliii Griiiiin, of alfalfas with the prostrate. 


Chaska, Carver County, Minn. In 185B Mr. slow-growillg wild spocies 
Grimm planted 15 or 20 pounds of alfalfa seed he picked up by plant explor- 
brought with him from Germany the previous ^tust also be 

y^r This was the Inigmning of the present admitted that nO plant of 

A. '‘h 

Experiment Station.) antiqui ty shows SO little evi- 


(Courtesy of A. C. Amy, Minnesota Agriciilturat i.« 'i. u ^ 

Experiment Station.) antiqui ty shows SO little evi- 

dence of deliberate broodmg. 

Only two examples, both cited by Brand (2), 11)07, are needed to show 
what apparently had been accomplished by natural selection, helped 
along by man. Peruvian alfalfa, which is now grown to a consider- 
able extent in the Southern States, has a very low zero point, that is, 
ability to grow at a low tonmeraturo, but is not at all wmter-liardy in 
northern latitudes. This, Brand suggested, has been due to many 
centuries of growing in warm climates. On the other hand, it is 
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rather surprising that the original home of Grimm alfalfa in Germany 
has minimum temperatures less severe than those observed at Albu- 
querque, N. Mex. From all available records it is clear that tlie bulk 
of the original Grimm seed was not sufficiently winter-hardy for 
Minnesota conditions. Yet by saving seed from the plants that 
survived each successive winter, generation after generation, the 
persistent German immigrant, Wondelin Grimm, showed what could 

be accomplished in the 

way of acclimatization 
' or adaptation of alfalfa 
in Minnesota. 

In a report of the 
committee for breed- 
ing forage crops, made 
by Piper { 24 ) in 1909, 
a very good picture is 
given of the alfalfa- 
breeding jjrogram in 
the entire United 
States at that time. 

“It must be home in 
mind”, the report 
states, "that alfalfa 
breeding is a very re- 
cent development of , 
plant improvement, I 
apparently no work 
having been conducted 
along this line prev- 
ious to 1903.” At the 
time of the report 11 
workers were directly 
interested in alfalfa im- 
provement: J. M. West- 
^te, C. J. Brand, G. 

+ Figure 3 . — Monument erected in honor ot Wendelin 
J ^ A Grimm, who greatly benefited northern agriculture by 

Umted States Depart- originating the hardy variety that bears his name, 
ment of Agriculture; (Courtesy of A. C. Amy, Minnesota Agricultural 
G. F. Freeman, of Experiment Station.) 

Kansas; W. H. Olin 

and P. K. Blinn, of Colorado; F. A. Spragg, of Michigan; E. G. 
Montgomeiw, of Nebraska; W. A. Wheeler, of New York; and L. R. 
Waldron, of North Dakota. 


lYactically all these workers had a well-developed program, chiefly 
involving mass selection. Only Oliver, Westgate, and Brand report 
hybridization of varieties or species, but without definite results. 
tVo rather distinct methods of selection were followed. Spragg, 
Dillman, and others selected mother plants without control of the 
male parent except cutting back adjacent undesirable material at the 
time of blooming. Olio, Oliver, Brand, and others self-fertilized the 
selected plants, using wire cages or bagging. This group thoroughly 
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^ understood the possibility of contamination by cross-fertilization, but 
‘ apparently they did not fully realize that an indi\'idual selected plant 
might not necessarily — probably would not — pass on all its good 
characteristics to the next generation. Thus too much effort was 
often spent in picking out the best plant in the entire nursery, only 
to find when seed was obtained that the daughter plants were not at 
all like the mother plant. It must be added, however, that even at 
this early date many breeders knew the value of tlie progeny test 
and used it to determine which was the best parental material. 

The workers of this period had a considerable number of strains to 
use for foundation stock. The State experiment stations had access 
to the collection of the Department of Agriculture, which included 
introductions from all important alfalfa-growing regions as well as 
material from more out-of-the-way parts of the world. The maior vari- 
eties used were Grimm, Common, and Turkistan. There were also 
introductions of other species, chiefly Medicago falcata L., and a few 
species crosses were made, but apparently nothing came of them. 

Among the more important characters selected for at this date were 
frost resistance, forage producti-vity, drought resistance, desirable 
habit of growth, seed productivity, leafiness, and resistance to leaf 
spot {Psev/lopeziza medicaginis (Lib.) Sacc.). It is interesting to 
note, however, that only one worker mentions breeding for disease 
resistance, and then it is not given much prominence. In reply to 
the question “What are the most serious difficulties you have found 
in breeding alfalfa?”, made in J’iper’s survey of 190*9, the following 
answers were received; 

(1) Difficult., of keeping strains )>ure, both during breeding and for increase. 

(2) Maintaining a large nursery several seasons to await winter-killing or 
drought to eliminate undesirable individuals. 

(3) Scouring seed. 

(4) Length of time required to determine the value of any given plant, some 
suggesting 3 years as the minimum. 

Results of Early Improveme.nt Work 

The early work can bo said to have begun about 1903 and ended 
about 1915. During this period there was considerable interest in 
the improvement of alfalfa, one outstanding character sought being 
winter-hardiness (fig. 4). A group of superior varieties and strains, 
together with the date they originated, is listed in the appendix, and 
it may be noted that several of these came into prominence during 
this early period, notably Grimm, Baltic, Cossack, Ontario Variegated, 
and Ladak. Figure 5 shows the origin of Ladak and the nursery from 
which it was selected at the Umted States Department of Agriculture 
Experiment Station, Redfield, S. Dak. All of these varieties have 
superior characteristics, such os cold resistance and adaptation for 
special conditions. They are all still considered standard varieties. 
Introduction and selection played a part in their development. 

It must be added, however, that many an alfalfa selection was 
“born to blush unseen” during this period. Some very promising 
selections made in various nurseries never got any further. Wheeler’s 
Grimm No. 19A was increased to the extent of 100 acres, then turned 
over to farmers and its identity lost. No doubt the worth-while 



ALFALFA 


1129 

characteristics in this strain have through the years gradually made 
themselves felt m other strams with which it crossed. Thus the work 
put mto such selections has not been entirely lost. 

Nevertheless, the early work did not reach full fruition, for several 
reasons, among them the World War, which focused attention on the 
food crops to the detnment of the feed crops, and the widespread 



Figure 4. — A denioiiatralioii of ibe differeiic-e in cold resislance of different alfalfas. 
Nebraska-grown Common alfalfa at left and Peruvian alfalfa at right, seeded May 16, 
1922. Both varieties seemed equally good during 1923 and 1924, but the Peruvian 
winter-killed almost completely in the winter of 1924-25, while the Nebraska Common 
was uninjured. Photographed May 25, 1925. (Courtesy ttf T. A. Kiesselbach, 
Nebraska Agricultural KxperimenI Station.) 

introduction of Grimm nlfnlfa, which lurgely solved the winter- 
hardiness problem, wiping out the atlvantago gained by selection for 
hardiness m Common alfidfa, and also depriving breeders of a definite 
goal for selection. In other words, for the moment no great catas- 
trophe threatened alfalfa, and most people, including the breeders, 
were content to let well enough alone. 

But events were already developing that brought a great revival of 
interest in the improvement of alfalfa and other forage crops. 

New Problems Appear 

Crowding into compact communities leads to peculiar problems 
with plants as with human beings. Growers will tell you they can 
remember when they couhl plant alfalfa and leave it dow’ii almost 
any numher of years without any trouble. This cannot be done any 
longer. The problem of winter hardiness was lai^ely overcome by 
the general use of Grimm and other cold-resistant varieties, but 

138004°— 37 72 
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another major problem appeared and became increasingly insistent. 
It manifested itself in the killing out of stands after 2, 3, or 4 years 
of production. No one knew what was causing the trouble. Finally 
it became so serious that Department of Agriculture workers under- 
took to determine the underlying cause. 

Finely Jones and McCulloch (15) found the dise^e was produced 
by a hitherto unknown oi^anism, a bacterium to which was given the 



Fifftre 5 . — The original alfalfa nursery at Redfield, S. Dak., from which Ladak was 
selected. The seed was sent to the United States Department of Agriculture from 
the Province of Ladakh, in northern India, in 1910 and was planted in 1914. Photo* 
graphed July 20, 1915. The entire acreage of the Ladak variety now being grown in 
the United States came originally from the two rows marked by the arrow. The light 
color of the rows is causeil by the profuse bloom, the preponderance of which was 
yellow in color, (Courtesy of S. Carver.) 

name Aplanobacter insidiosum McCulloch, the insidious Aplanobacter, 
more recently changed to Phytomonas insidiosa (McCulloch) Bergey 
et al. The disease it caused was called bacterial wUt. Since its dis- 
covery in 1925, apparejitly increasing inroads have been made by the 
disease until at the present time it is known to occur from the Atlantic 
to the Pacific and from the Northern States to the southwestern bor- 
der. It was apparently most severe in the river valleys of Nebraska 
and Kansas at first, but it is now found in considerable abundance 
eastward through Iowa, Illinois, Indiana, Michigan, Ohio, Wisconsin, 
and other States. 

Of the approximately 11% million acres of alfalfa harvested for hay 
in the Umted States in 1934, the 1934 census shows that over 7% 
million acres were grown in the 14 North Central States bounded on 
the east by Ohio and on the west by Colorado. At the present time 
bacterial -^t is prevalent throughout this region, although it is more 
serious in some localities than in others. In this region, too, alfalfa 
is usually allowed to remain as long as there is a good stand. When 
it kills out it must be plowed and another field planted to maintain 
a hay balance. The available domestic alfalfas such as Grimm, Hardi- 
gan, and Common are very susceptible to the bacterial wilt disease 
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and kill out, where the disease is severe, in from 2 to 4 years. Figure 
6 shows the ravages of bacterial wilt in tlie domestic varieties in field 
plots at the Kansas Agricultural Experiment Station. 

Bacterial wilt annually destroys hundreds of thousands of acres of 
alfalfa, with aggregate losses equivalent to those that would be expe- 
rienced by farmers as a result of flood, drought, or any other major 
disaster. These losses include not only the crop destroyed by the 



Figure 6 . — Exiieriincnlal plots at the Kansas Agricultural Experiment Station, Man- 
hattan, Kans., (leiiiunslrating resistance or lack of resistance of different varieties to 
bacterial wilt, the plots with a [toor stand being covered with weeds, a, Kansas 
Common (jjoor stand); b, Turkistan F. C. 19303 (good stand); r, Turkistan F. C. 19301 
(good stand); </, Gritniii (jHKir stand); c, Ukranian F. C. 19315 (|>oor sUnd); /, Turk- 
istan F. C. 19316 (good stand); g, Kansas 308 — a resistant selection from Kansas 
Common (good stand); h, Dakota Coniiiinn F. C. 16081 (poor stand); i, Argentine 
F. C. 159% (poor stand); y, Cossack F. C. 18836 (fair stand). These plots were 
planted in the fall of 1930; photographed September 1936. The greatest decrease in 
stand took place during the third and fourth years. (Courtesy of C. O. Crandfield, 
Kansas Agricultural Experiinciii Station.) 

disease but also the cost of seeding and the loss of production from 
tho land until a now crop is established. If, through the use of resist- 
ant strains, growers could maintain stands of alfalfa for even 2 years 
lormor, they would he able to save millions of dollars. 

Considerable preliminary work indicated that cultural practices in 
general would not control the disease. Tho only avenue of approach 
that offered possibilities was a breeding program. For a number of 
years Westover and his coworkers, plant explorers of the Department 
of Agriculture, have been gathering alfalfas from remote parts of tho 
globe. This collection has progressed until at the present time approx- 
imately 1,000 different strains of alfalfa are growing in various nurs- 
eries in tlie United States. Some of these were gathered in areas 
where the natives had never seen or heard of an automobile. Of the 
alfalfa strains tested from every continent, and almost every country, 

E racticallv tho only strains having decided resistance to bacterial wUt 
ave been found in the region around Russian Turkistan, northern 
India, western China, and northeastern Persia. Even some alfalfas 
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of the wild type and the Medicapo Jaleaia strains found in this region 
have shown resistance to bacterial wilt. The obiective of the breed- 
ing program, then, is to combine the good qualities of commercial 
alfalfas such as Grimm and Common with the bacterial wilt resistance 
found in the Turkistan alfalfa. 

PRESENT ALFALFA IMPROVEMENT WORK 
As already indicated, both new problems and new advances in plant 
breeding have OTeatly stimulated alfalfa improvement. At the present 
time a relativdy large number of breeding projects are being started 
or have recently been started, and there is a great deal of interest on 
the part of almost all experiment stations, whether or not they are 
themselves actively engaged in alfalfa-improvement work. In order 
to make the present status of alfalfa improvement clear, the work that 
has already been done both in the United States and abroad will be 
briefly summarized. 

Correlation of Characters 

Wlien selection is desired for a certain character, it is often desirable 
to determine, if possible, what other characters of the plant are asso- 
ciated with it. Sometimes certain eharacters are inherited together. 
By selecting for one, it may then be possible to secure the other also. 
This association of characters frequently presents difficulties. In 
alfalfa, for e.xample, selection for increased forage production usually 
gives at the same time a more coarse, sparsely leaved plant of poorer 
quality. In 1914 Freeman (if) published a paper of interest from the 
standpoint of selection of matenal. He studied correlations between 
various characters in alfalfa and, among others, found positive correla- 
tions indicating that nitrogen content is associated with the percentage 
of leaves, and green weight with both the average number of stems and 
the average height. He found negative correlations indicating that 
greater forage yield is associated with smaller percentage of leaves ; 
smaller percentage of leaves with greater height ; smaller number of 
stems with greater average height. There was no significant correla- 
tion between thickness of stand and percentage of leaves.® Freeman 
concludes {11, p. 367)-. 

In economic plant breeding one frequently encounters pii^ Biologically negative 
correlations such as those, m alfalfa, between height and stooling capacity, 
height and percentage of leaves, and between yield and quality. In seeking im- 
provement, therefore, the breeder must recognize and maim use of these facts 
in the interpretation of results obtained, and also search for races which violate 
such natur^y antagonistic correlations to the greatest possible extent. 

Hackbarth and Ufer {IS) found a relatively high positive correlatiou 
between forage yield and height * and also a positive correlation 
between height of stem and length of intemode and coarseness of stem. 


« Correlation between nitrogen content and percent leaves.. afl0±0.08 

Correlation between percentage of leaves and tblokness of stand (Mi± . lo 

Oorrelatton between percentage of leaves and forage yield — .39± .09 

Correlation between percentage of leaves and beignt (height 27 to 32 inches) — . 68± . 06 

Correlation between green weight and average numbw of stems. 37± 07 

Correlation between green weight and average height 26± . 09 

Correlation bet ween average height and number of stems — .26± .09 

Correlation between average height and percent leaves . 09 

* r»0.861. 
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Thus lugh-yielding plants were tall and upright but of low quality 
because they had long intemodcs, were sparsely leaved, and had thick, 
woody stems. The^ suggest, however, that the correlation is not 
absolute and that with a sufficiently large number of plants to choose 
from it might be possible to obtain the desired combination of height 
and quality. Of especial interest is the finding of a positive though 
slight correlation® between forage production and seed production. 
Since it is considered by many that high forage yield militates against 
high seed yield, it is noteworthy that they found a number of lines 
(clones) in which high yield of forage was associated with high seed 
production. Fleischmann {10) has also found strains that combine 
relatively high forage and seed yield. In this connection Helmbold 
(14) bas found some correlation between the following characteristics 
and liigh scod production, and selection for these characteristics may 
help attain the desired end: 

(1) A definite (closed) blooming period. 

(2) Large flower clusters. 

(.3) Great individual ability to set seed. (He believes the female parent has a 
greater bearing on seed productivity than the male ) 

(4) Many coils per pod with high seed number per pod. 

(5) Least possible sliattering of seed. 

Other workers, including Kiessclbach and Anderson in Nebraska 
and Willard in Oliio, have also found a very high correlation between 
nitrogen content micl percentage of loaves. Thus it seems evident that 
for a higher quality crop it is necessary to have a high percentage of 
leaves and also that the plant retain those leaves until harvest. Thus 
disease resistance as well as inherent leafiness is involved, because 
most of the leaf-spot <liscases, for example, tend to defoliate the plant 

Hybrid Vigor 

The question of how much crossing naturally occurs in alfalfa 
brings such different answers that there is obviously no e.xact informa- 
tion on the point. Waldron found 42.7 percent crossing between 
purple and yellow, tlie yellow being the female parent, while he found 
7.5 percent crossing in the reciprocal, the purple being the female 

E arent. As high as 80 percent crossing has been observed in Nebraska 
otween closely associated plants of the purple-flowered {Medicago 
sativa) and yellow-flowered {M. Jalcata) alfalfa, the female agam 
being yellow. It is more difficult to determine the crossing between 
purple-flowered strains of similar origin because of the difficulty of 
determining when a cross is obtained. This difficulty is now being 
overcome in the production of “testers” by at least three experiment 
stations. These include a strain produced by the South Dakota 
station with pure wliite flowers, the character acting as a simple 
recessive. Anotlier strain produced at the Wisconsin station has 
red roots, also simply inherited; and the Nebraska station has a strain 
producing four or five leaflets instead of the usual three. These 
strains all have the M. sativa type of flower, and by their use reliable 
information should bo obtained on the amount of natural crossing, 
the distance necessary for isolation, and possibly on the activities of 
various insects. 

I r»-0.2()2 



1134 YEARBOOK, 1937 

A considerable body of facta bearing on the question of the influence 
of self-fertilization on an alfalfa population is gradually being estab- 
lished. The work of Kirk (17), Williams (31), Torsaell (36), Dann 
(7), and others suggests, on the whole, decrease in productivity of 
both forage and seed vield when plants are self-fertilized. The 
decrease is very marked in most cases; for example, Williams (31) 
reports that 14 parent plants produced an average of 2,433 seed per 
plant, while the average yield of the first-generation selfed progeny 
was only 301 seeds. Kirk found that the first generation selfed pro- 
duced only 62 percent as much as the cross-fertdized parent, and the 
second selfed generation only 30 percent as much as the original 
parents. 

The German workers, including Dann (7), also found a decided 
decrease in seed production with self-fertilization ^ compared with 
cross-fertilization, llelmbold ( 14 ) found that crossing gave a higher 
percentage of pods than selling. By crossing with foreign pollen, 
24.86 percent of the flowers fomed pods. With close polhnation 
(pollen from the same plant but dilferent flowers) 18.26 percent formed 
pods, and with strict selling 17.54 percent formed pods. Crossing 
also gave the highest number of seeds per pod, an average of 2.34, 
while inbreeding gave the least, an average of 1.38 seeds per pod. 
Most workers agree that there is no self-sterility, in the true sense, in 
Medicago satim or M. falcata. 

Tysdal and Clark (37) found decided decreases of seed production 
in self-fertilized lines as a general rule, but point out several instances 
where selection for seed productivity increased production, j)articu- 
larly in Turkistan lines, which as a rule are naturally low in seed 
yield. These lines were carried into the fourth generation of selling 
and represent a decided improvement in the inherent ability to set 
seed over the original parent. Kirk (18) has isolated a strain of 
alfalfa during the course of his breeding work that he characterizes as 
“autogamous”, that is, it is extremely self-fertile and sets seed readily 
without manipulation. 

The seed production resulting from hybridization compared to that 
of the original parental stock has not been so carefully worked out. 
It is evident that open pollination or cross-pollination between selfed 
lines brings them up nearly to parity with the open-pollinated parents, 
but there are very few defimte examples, if any, of large increases 
attributable to hybrid vigor. Most of the comparisons have been 
with the progeny of self-fertilized individuals and not with the o^nal 
parent, and the relative improvement in the cross is therefore difficult 
to determine. Carlson (5) found decided decrease in seed production 
upon self-fertilization, and then when open pollination^ — with no way 
to determine the amount of crossing — was allowed, seed production 
increased over that of self-pollination but still did not reach that of the 
open-pollinated parents. In the work reported up to the present 
tune it has not heen posdble to recombine desirable inbred strains 
with the object of producing a superior first-generation hybrid^ as is 
being done with com, because such inbred strains were not available; 
but at present there are a number of lines that have superior germ 
plasm with respect to seed production as well as other desirable 
cbiracters. 
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The available data on the influence of self-and cross-fertilization on 
forage production somewhat parallel those on seed production. 
Kirk (16) found the following percentages of forage yields: Cross- 
j generation selfed, 81 ; second generation selfed, 72; 

third generation selfed, 53 (fig. 7); but he also found certain second- 
and third-generation selfed Imes that produccjl 100 percent or more as 



Figure 7. — A, UepresenUtive alfalfa |ilanu from strain no. 22, showing reduction in 
vigor due to self-fertilization: a, Opeii-fertili/.ed; It, first generation selfed; r, second 
generation selfed. U, Representative alfalfa plants fntni strain no. 3, showing reduc- 
tion in vigor due to self-fertilization: o. Open-fertilized; b, first generation selfed; c, 
second generation selfed. (Courtesy of L. E. Kirk, Dominion Agrostologist, Ottawa, 
Canada^.) 

compared with the original parent. This coincides in general with 
results of other workers, there being not such a very great decrease in 
forage production of some lines, and a tremendous variability with 
respect to the retiction of difforei t linc.s — some showing great loss of 
vigor, while others show veiy much less. It must bo admitted, how- 
ever, that the chance of obtaming a superior forage-yielding strain 
of alfalfa by self-fertilization ajipears rather remote at the present 
time. 

As in the case of seed production, most of the comparisons in forage 
production are between open- and self-pollinated lines. Waldron 
(S9), however, as far back as 1920 pointed out hybrid vigor in crosses 
between two alfalfa species. Ho allowed natural crossing to take 
place between Medicago saliva and M. Jal-cata. Subsejjuently he 
obtained yield data from the first-generation-hybrid individuals com- 
pared with other individuals produced by normal pollination within 
the species. He found an increase in forage yield of 61 percent of the 
M. saliva X the M. jalcata hybrids over the pure M. saliva, and 43 
percent increase of tiie M. Jalcaia X M. saliva hybrids over the pure 
M.jcdcaia. 
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This is an interesting observation, particularly in view of the fact 
that the most widely cultivated alfdfas, in both Europe and North 
America, are considered to be the result of a natural cross between 
these two species. Thiis without knowing it commercial ^wers tu-e 
probably taKing advantage of hybrid vigor In a study of the varie- 
gation in flower color of 64 strains and varieties of European alfalfa, 
W^dron found only 5 that did not show any variegation, and 3 of 
these were Turkistan. Hembold (f^) states that in his opinion the 
appearance of any color but pure purple in the flower surely indicates 
foreign crossing in the Af. saitva group, and os a rule the introduction of 
M.Jalcaia blood. 

The general results of inbreeding and crossing in alfalfa point to the 
strong possibility of hybrid vigor being obtained for forage yield if the 
proper combinations of lines are made. The results also point to the 
possibility of using species cros^ to effect improvement.^ In a later 
paragraph more mformation is given on various species that may 
have possibilities for crossing. 

Progress in Selection for Disease and Cold Resistance 

In the replies from questionnaires sent^ to practically aU alfalfa 
workers in the world in connection with this survey, many indicated 
that they were selecting for cold resistance and others that they were 
selecting for both cold and disease resistance. In the past Grimm 
alfalfa was an outstanding example of natural selection for cold 
resistance. The introduction of various lots of seed and subsequent 
selection and increase, as in the case of Cossack, Ladak, and other 
varieties, resulted in the production of additional material of high 
cold resistance. 

In many projects selection is being carried on with the object of 
purifying strains and making them homozygous for certain character- 
istics, then recombining the lines to form new varieties. Such work 
has advanced to the pomt where some information has been obtained 
on the breeding behavior of lines, but very little on the behavior of 
the recombinations. 

As a result of a study of the reaction of selfed linos to cold, Kirk 
(16, p. 16) states: 

Inheritance has clearly played an important part and segregation into hardy 
and non-hardy lines is plainly indicated in the second generation of self-fertilisa- 
tion. Strains IV and VII may be cited as obvious cases in which lack of hardiness 
has been transmitted in some de^ee from one generation to another. In one 
second generation line of strain I Y, every plant was winter killed. [The cross- 
fertilized parental stock of strain IV winter-killed 28 percent.] Lines III and 
XIII are notable illustrations of segregation in the second generation of selling 
for hardy and non-hardy families of plants. 

In striking contrast to the strains in which inherent nonhardiness made an 

S irance are * strains * * * in which praotioallv no winter- 

g occurred. 

Waldron {28) found segregation for cold resistance with one genera- 
tion of selfing, and he also obtained increased cold resistance by selec- 
tion of mother planto^indica^g a great heterozygosity or mixture 
of inheritance in individuals with respect to this characteristic. 

A number of superior lines have been segregated by various workers 
in the United Spates. Wisconsin, Kansas, New Jersey, Michigan, and 
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Nebraska have had rather intensive improvement programs under 
way, and progress is reported in fixing desirable characters such as 
cold and bacterial wilt resistanc'e in certain lines. Peltier and Tysdal 
(^3) report that selfing alfalfa through the fifth generation has in- 
creased the homozygosity for bacterial wilt resistance — that is, a 
lai^er and larger percentage of the plants were resistant— provided 
selection for this character was carried on during the inbreeding 
process. If no selection for disease resistance was practiced during 
the inbreeding process, a rather marked decrease in bacterial wilt 
resistance occurred from generation to generation, although some few 
lines were consistently high in b^terial wilt resistance. Practically 
the same results were obtained with cold resistance. Selfing without 
rigid selection for cold, resistance and elimination of the cold-susceptible 
individuals resulted in a marked decrease in resistance, taking the 
population as a whole. There was, howev'er, great variation and 
segregation in different lines, as has been found by other workers. 
Thus, when the cold-resistant segregations wore selected by means of 
artificially controlled freezing teats, the cold resistance of superior 
lines was maintained in spite of self-fertilization. It was also found 
possible to obtain high bacterial wilt and cold resistance either in the 
same lines or independently, thus indicating independent inheritance. 
Figure 8 shows two hybrids relatively resistant to bacterial wilt, as 
compared with the bacterial wilt-susceptible Grimm variety. 

Brinkj Jones, and Albrecht (3) at the Wisconsin station report 
segregation for bacterial wilt resistance in selfod lines from Hardistan 
alfalfa, some having a very high degree of bacterial wilt resistance. 
They state (3, p. 642): "Resistance to bacterial wilt in alfalfa behaves 
in inheritance as an iutergrading character and probably rests upon 
a complex genetic basis. A factorial interpretation is at present 
impossible.” 

In certain crosses between resistant and susceptible lines the same 
workers found varying percentages of resistant offspring. In the 
case of a Turkistan X Hairy Peruvian cross, 58 percent of the second- 
generation offspring were resistant, while a Turkistan X Grimm cross 
gave relatively few resistant segregates. 

Thus while complete success has not yet been attained in the fight 
against winter hazards and disease, it is safe to say that remarkable 
progress has been made in obtaining lines that are superior in these 
characters. These lines contain the necessary genetic stability for 
those characters, and the next step will be to combine them to produce 
a variety with as much bacterial wilt resistance as is now found in 
any commercial variety, or oven more, together with such desirable 
characters as high forage and seed yiehl, freedom from loaf diseases, 
and other attributes. To say that this is an easy task is to under- 
estimate the difRculty of the problem and the whims and caprices of 
nature. , . • , 

In the alfalfa-improvement work, the Department of Agriculture 
is cooperating w ith a number of State stations, among which the work 
in Kansas, Wisconsin, and Nebraska has been longest in progress. 
At each of these institutions superior strains are now available, some 
strains having more than twice the bacterial wilt resistance of the bwt 
commercid varieties. The Wisconsin station reports that among its 
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most promising material are lines having very high cold resistance 
selected out of nardy varieties, and also some bacterial wilt resistance 
found in occasional plants from well-known and highly susceptible 
American varieties. The Kansas station has also reported increasing 
the bacterial resistance by selection in the Kansas Common strain. 
The Nebraska station has promising lines developed from plant 



Figutv 8 . — Looking down on three strains of alfalfa artificially inoculated with the 
bacteria causing alfalfa bacterial wilt, grown in the Nebraska Agricultural Experiment 
Station greenhouse: a. Gross between a bacterial wilt-resistant Tnrkistan selection 
and Medicago ftdeata; b, Grimm (originally a natural cross between Af. nativa and M. 
falcata); c, a cross between bacterial wilt-resistant selections from Turkistan and 
Ladak. All three had an equal number of plants when inoculated, but Grimm has 
been almost completely killed by the disease, while the two resistant crosses maintain 
a stand. (Photographed 4 months after inoculation.) 

selections from old fields of the State, foreign introductions, and the 
Ladak and Cossack varieties. 

The New Jersey station has had selection and hybridization in 
progress for some time and reports the possibility of selection for a 
type of root resistant to heaving, as well as selection for adaptation 
to particular soil conditions. 

Various stations now also have access to strains with rhizomes or 
imderground stems. These are particularly interesting from the 
standpoint of pasture t^pes and erosion control, as they form a matted 
growth and bind the soil. 

Relation of Insects to Alfalfa Ibiprovehent 

There is some division of opinion, but in the main considerable a^ee- 
tnent, r^arding the kinds of insects that assist seed setting in alfalfa. 
FracticaUy all workers agree that the leaf cutter bees (MegachiU spp.) 
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are very effective in causing tripping or forcing of the pistil out of the 
keel. Piper et al. {25) found the bumhlebee {Bombus spp.) to also 
be fairly effective for tripping. They found that butterflies caused 
practically no tripping, and this was true also for moths and other 
night-flying insects. The ability of the honey bee {Apia melli^era L.) 
to trip alfalfa flowers is not so easily clarified. Piper et al. found that 
honey bees tripped only from 0.3 to 4.7 percent of the flowers visited 
and many visits to the flower were required before tripping was 
effected. Dwyer {9), of Australia, has found that honey bees cause a 
considerable amount of tripping and has suggested the use of honey 
bees in cages in breeding >york. Michigan worlcers have also found 
the honey bee to be effective when confined to small areas. Helm- 
bold (14) states that honey bees collecting pollen cause tripping and 
attributes more tripping to them than to bumblebees. He also says 
that the following bees are efVee.tivo in tripping alfalfa flowers: Ma- 
cropis hibiata P. (female), Melitta leporina Panz., and Anthophora 
bimaculata Panz. 

There is no doubt fronr the work of numerous investigators that 
insect visitation under most conditions will improve seed jiroduction, 
an<l it is probable that insects cun be used to advantage for controlled 
pollination in certain breeding and improvement work. 

There is some evidence that progress can bo made in selecting lines 
resistant to harmful insects. Painter and Grandfield in Kansas have 
selected individual plants that are much more resistant to aphids 
{Illinoia pisi Kalt ) than the average of the variety. Some workers 
have also found individual plants that seem to carry resistance to 
leafhoppers (Empoaaca spp.). At present these represent only 
possibilities in superior germ plasm. Insects that harm alfalfa from 
the standpoint of seed production, upon which little or no selection 
for resistance has been (lone, inchule the clover seed chalcid {Brucho- 
phagm gibbun Boh.), certain species of bugs of the genus Lygus, and 
Say’s stinkbug {Chlorochrm sayi St&l). 

Tue Alfalfa Improvement Conference 

In June 1934 a meeting of 27 alfalfa workers from 7 States 
and the District of Columbia was held at Lincoln, Nebr., and at 
this meeting attention was given to the formation of an informal 
association for the benefit of all workers interested in alfalfa improve- 
ment. In order to get the reaction of the eastern men it was decided 
to cdl another meeting to bo held in connection with the American 
Society of Agronomy meeting at Wasliington, D. C., in November 
1934. Nineteen States, the District of Columbia, and Canada were 
repr^ented by 54 workers. After a thorough discussion a committee 
of five was appointed, composed of H. L. Westover, R. A. Brink, 
T. A. Kiesselbach, D. W. Robertson, and H. B. Sprague, to develop 
plans and methods for a permanent alfalfa improvement conference. 
This committee called a meeting of all interested workers to be held 
in coimection with the meeting of the Com Belt section of the Amer- 
ican Society of Agronomy at St. Paul, Minn., June 1935, at wWch 
time fuial organization of the conference took place. At this meeting, 
representing 15 States and the District of Columbia, with an attend- 
ance of 78 workers, the following motion was adopted: 
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That the guidance of the Alfalfa Improvement Conference be in the hands of 
an executive committee of five, consisting of H. L. Westover, permanent secre- 
tary, and four additional members, one of whom would be chairman, to be elected 
biennially at the conference to be held in conjunction with the Chicago meeting 
of the American Society of Agronomy; and that summer conferences be held in 
alternate years at an experiment station where alfalfa investigations are in prog- 
ress, the time and place to be determined by the committee. 

The following were elected as members of the executive committee 
to serve until the fall of 1937: R. A. Brink, chairman; T. A. Kiessel- 
bach, H. B. Sprague, and D. W. Robertson. In Mr. Weatover's 
absence on plant exploration trips, H. M. Tysdal has been acting 
secretary. 

Since its inception and organization the Alfalfa Improvement 
Conference has been active in disseminating information on progress 
in alfalfa breeding, has taken an active interest in plans for seed 
increase of desirable improved strains under isolation, has assisted 
in the exchange of breeding material, and at the biennial summer 
meeting held at Madison, Wis., in June 1936, laid the foundation of a 
cooperative program of testing new strains. In this cooperative 
testing two types of nurseries will be used — (1), an “observation” 
nursery composed of duplicate rod rows with appropriate standard 
checks, and (2), an advanced nursery composed of perhaps five or 
six replications of multiple-row plote. Yields will be taken on the 
latter nurseries, and also, where possible, on the former. 

It is planned to have a considerable number of observation nurseries 
scattered throughout the country so that experiment station workers 
will have an opportimity of testing out the available new strains for 
their own concfitions, and this will enable them subsequently to make 
intelligent varietal recommendations to alfalfa growers of their own 
States. The advanced nurseries will be located in representative 
areas to test out any definite regional adaptations that are found in 
the improved strains. One or more tests are also contemplated in a 
recognized alfalfa seed producing section to test this character. In 
addition to these cooperative field tests, attempts will be made to 
include testing under controlled conditions for such characters as 
resistance to diseases, to insect pests, and to low temperatures. 

The Alfalfa Improvement Conference has alreaay proved itself 
to be a vital force in coordinating the alfalfa improvement work 
of the United States. Reports of the conferences already held 
may be obtained from the E)ivision of Forage Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture, 
Washington D. C. 

Methods and Objectives of Present-Day Alfalfa Ibiprovement 

Even the most optimistic workers fail to see how it would be 
possible to produce one variety of alfalfa that would be the best for 
all sections of the country. Some workers, however, recognize a 
need for the development of strains of alfalfa especially suited to at 
least four general regions: (l) The northwestern region, north of the 
southern boundary of Nebraska and west of the eastern boundaries 
of North Dakota and South Dakota; (2) the northeastern region, 
which may roughly be designated as the area bounded on the west 
by the western ^undaries of Minnesota and Iowa and on the south 
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by a line representing approximately the southern boundary of 
Pennsylvania; (3) in the middle region, including Kansas and Oklahoma 
and the surrounding territory esistward and westward; (4) the south- 
western region, including southwestern Texas, southern New Mexico, 
Arizona, most of California, and the extreme southern parts of the 
United States along the Gulf of Mexico. 

In regions 1 and 2 it is essential to have an alfalfa of high cold re- 
sistance. Bacterial wilt can also be found throughout these regions, 
but it is severe only in those areas where moisture and other conditions 
are favorable; it is not serious as yet in the dry-land areas or in the 
eastern regions where short rotations are the rule. However, it causes 
severe dam^e in parts of Ohio, New Jersey, and other Eastern States. 
The chief difference between the requirements for regions 1 and 2 relate 
to resistance to various leaf spots, particularly the leaf spot caused by 
Psevdopeziza medicaginis (Lib.) Sacc. and leaf blotch (Pyrenopeziza 
medicaginis Fckl.), and also to dormancy habits and resistance to potato 
leafhopper yellows. Cold-resistant Turkistan alfalfa has been fairly 
successful in region 1 hut not in region 2, chiefly because of its suscepti- 
bility to leaf spots and the fact that in some cases its slow recovery after 
enttmg allows grasses to encroach. At one experiment station in the 
Union of Soviet Socialist Republics, selections less susceptible to leaf 
spot have already been made, and it does not appear impossible that 
eventually a strain can be produced that will combine the Qualities 
necessary for adaptability to both regions, 1 and 2. This would bo all 
the more desirable because seed is often produced in the western area 
to be used in the eastern area. Also there is some evidence indicating 
an increase in the severity of bacterial wilt in eastern States, wliich 
would make bacterial wilt resistance desirable for this region. 

In region 3, cold resistance is a less important factor, but it can by 
no means bo entirely neglected. Bacterial wilt resistance is desirable 
if not necessary for many areas, and it seems probable that if a strain 
can be produced combining bacterial wilt resistance and the desirable 
habit of growth of Kansas Common alfalfa, it will be veiy well adapted 
for this region. 

In region 4 the climate is so mild that cold resistance need not be con- 
sidered, although there is apparently considerable difference in ability 
of the foliage of different strains to resist frost, and it is desirable to 
select for this character. Since tests have shown that the nonhardy 
alfalfas grow more rapidly and give better yields of hay in this region, 
selection work can be confined largely to southern types. Bacterial 
wilt has not been important in this re^on, although it has been found. 
Fortunately certain Persian introductions of the nondormant type have 
shown some bacterial wilt resistance and these are available for selec- 
tion and breeding work for the region. , , • 

It is apparent from the foregoing that a large amount of selection and 
recombination of characters must bo accomplished before the desirable 
alfalfas are obtained. Fortunately much of the foundation stock, 
including lines of high resistance to certain diseases and to cold, is 
already available. A cooperative arrangement with the various States 
to give accurate information on the adaptation of all new strains pro- 
duced is now available under the auspices of the Alfalfa Improve- 
ment Conference. 
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The ultimate objective will be the combination of as many desirable 
characters in a single individual strain as possible. Most plant breed- 
ers constantly bear in mind and guard gainst the possibility that selec- 
tion for one character, such as bacterial wilt resistance, may actually 
lead to the development or retention of characters undesirable in other 
respects. For example, bacterial wilt resistance can readily be ob- 



Figure 9 . — Emasculation of alfalfa flowers by suction. The glass tube is held over the 
stigma and stamens, and the suction (in this instance supplied by a rubber tube con- 
nected to the intake manifold of an automobile) removes the anthers and pollen. 
If all the pollen is not removed, a jet of water is applied to the stigma and suction 
finally removes all trace of pollen. 

tained in Turkistan lines, but the strain is still undesirable because of 
other characters, including high susceptibility to leaf diseases. 

Naturally present-day alfalfa breeders use a wide variety of methods 
in^ attacking the problem of improvement, although the underlying 
principles are the same. In hybridization work where emasculation 
18 desired most American workers use the suction method or a combina- 
tion of suction with a jet of water directed on the stigma. The suction 
method operates on the principle of a vacuum cleaner and is illustrated 
in %ure 9. 

It has been found advantageous not to allow the stigma to strike the 
standard or any other object when it is tripped or forced out of the keel 
for emasculation. It has also been found that in general it is unneces- 
sary to emasculate the flower at a very early stage; emasculation is 
usually delayed until full bloom, even though the anthers have become 
ripe. If the pollen is carefully removed, apparently there is little 
danger of self-fertilization, and foreign pollen can then be applied 
immediately. , 




Figfire 10 . — Incrcaiic of see<l of Heleclcil linen of alfalfa in the greenhouse at the Nebraska 
Agricultural Experiment Station. The greenhouse is screened against insects, and the 
flowers are tripped by hand, insuring self-jxtilination. Good seed setting can usually 
be obtained in the greenhouse even in unfavorable seasons, although temperatures 
often reach 120° F. inside. 



Figure ll . — Seed increase of a selected alfalfa strain in an isolated block. Such a 
plot must be separated from any other by at least 20 rods; in this case the separation 
was about a quarter of a mile. The planU were transplanted to irrigated land in 
western Nebraska in the spring of 1936 from seedlings started at the United States 
Yuma Field Station, Bard, Calif., in December 1935. These plants produced a fair 
amount of seed the flrst year. ITie plot is surrounded by com and sugar beets. 




1144 


YEARBOOK, 1937 


Selling is accomplished by the use of bags, screen c^es, or screened 
greenhouses, the flowers usually being artificially tripped, although 
not always. Some strains have been produced that set seed without 
any mampulation of the flower. Figures 10, 11, and 12 show some of 
the ways in which the problem of seed increase of selected lines is 
being met. 

Perhaps of greater interest than details of technique are the principles 
followed in the breeding program itself. Some workers allow open- 



Figure 12. — Small, portable thresher for threshing both single plants and increase 
blocks of alfalfa, l^e single-plant material is run only over the rubber drum with 
apron shown at the right, while larger quantities are put through the cylinder, and pods 
that are not threshed fall through the screen and are then run over the rubber drum, 
which rubs all the seed out. The rubber drum is powered through an automobile 
transmission so the drum can be stopped when not in use, even though the cylinder 
is going. The whole machine is mounted on the chassis of a car, and the motor of 
the car used as power. This thresher has proved very satisfactory fc* relatively 
small lots. 

fertilization in the nursery and select the best individual lines for 
propagation, while others employ strict inbreeding methods with the 
object of more rapidly fixing the characters desired and then recom- 
bining if necessary. Still others use a combination of these methods. 
Without doubt many alfalfa breeders are usin^ the same method that 
has produced such remarkable results in hybnd com, as described by 
Merle T, Jenkins in the 1936 Yearbook of Agriculture. 

The problem of how to determine which lines when crossed will 
produce a superior hybrid is of great interest to alfalfa workers. At 
Present the only way to find out is to try the lines in actual crosses, 
and it is difficult to make as many crosses as are necessary to test all 
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combinations. Corn workers use the top-cross method rather exten- 
sively at the present time for eliminatinjg undesirable strains, and it 
has been suggested that a modified appheation of the same principle 
m^ be useful in alfalfa. 

Evidence seems to indicate that long-continued inbreeding is not 
necessary to fix desired characters sufficiently for practical breeding 

S osos. If this is true a great deal of labor and time will be saved 
also a larger number of lines can be produced and tested. 

The backcross method or its modifications, as, for example, Richey’s 
“convergent improvement” method, is apparently not very much 
used with alfalfa. Some type of backcross may be useful in such 
a problem as combining the bacterial wilt resistance of Turldstan 
selections with the desirable characters of Grimm, Cossack, or Hardi- 
gan.^ The application of the backcross method is not simple when 
the inheritance of resistance is complex, as is apparently the case 
ydth bacterial wilt, but the method should not be overlooked when 
it is yielding results in various other crops. 

To obtain further information on the present status of alfalfa 
improvement, questionnaires were sent to all experiment stations in 
the United States and all foreign workers of whom there was a record. 
Among 40 replies, 23, representing opinions from England, Germany, 
Australia, and Canada, as well as the United States, indicated that 
alfalfa breeding or improvement work was in progress. In the replies 
to the question “What are the objectives in your selection or hybridiza- 
tion work?” the following objectives were mentioned the number of 
times shown: 


Increased eecd-setting capacity 

Higher yield of good quality forage 

Winter hardiness 

Disease resistance 

A type suitable for grazing 

Adaptation to different soil conditions 

Ilesistance to heaving injury --- 

Insect resistance — 

Increase resistance to drought 

Increase in protein content and leaf i>crccntagc 

A type less susceptible to injury from early cutting. . 
Larger seed 


10 

8 

8 

8 

5 

4 

2 

2 

2 

2 


It is interesting to compare these relies with those obtained in 
1934, given in the supplement to the Report of the Second Alfalfa 
Improvement Conference. The most significant change is found in 
the increased number of workera at present interested in selection for 
a pasture type of alfalfa for grazing, and also the increased number 
interested in selection for sod adaptation. This undoubtedly indi- 
cates a trend toward the increased use of alfalfa for grazing and a 
desire to use it on land to which it is at present not well ad^ted. 

In the same questionnaire, in answer to the question “What prob- 
lems and material need future attention?” the replies indicated further 


studies would be desirable on — 


(1) Technique in methods of hybridization. 

(2) The mode of inheritance of various characters. 

(3) Hybrid vigor, including interspccies crosses. 

(4) Factors affecting seed setting in alfalfa. , , , j - „„ „„ 

(6) Fundamental research on the nature and control of various diseases. 


1 9Rn04* — .<17 73 
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(Q) The mosaic problem. 

(7) EEFective means of isolating pure seed for increase. 

(8) Interregional testing, including hardiness and disease tests. 

(9) Production of improved seed. 

(10) The use of the backcross method, or modifications, in alfalfa breeding. 

INHERITANCE AND CYTOLOGICAL STUDIES 
There is rather a largo amount of literature dealing with the general 
genetic behavior of alfalfa, but very little has been done on the in- 
heritance of any given character. This is to be expected in a crop 
worked with as little as alfalfa, but nevertheless it is a handicap to 
the plant breeder in many respects. As self-fertilized strains having 
a known inheritance are developed, more information of this kind 
should be forthcoming. 

Most of the work so far has involved crosses between the two con- 
trasting species, Medicago sativa X M. JalccUa. In such a cross Koro- 
hoda (lO) has reported on the inheritance of flower color, shape of 
leaves, and structure of the stem. With regard to the inheritance of 
flower color in the purple X yellow cross, he states that the former 
supposition that two or three hereditary factors were involved was 
found to be inadequate. The results of his studies indicated at least 
four factors, one for each fundamental coloration — cream, blue, and 
violet — and one or two that intensify these colors. 

With respect to the shape of the leaves of the hybrid, the shape 
typical of Medicago sativa was observed in the second generation in 
28 plants, that typical of M.jalcaia in 196 plants, and an intermediate 
in 424 plants. It was not found possible to calculate the relations, 
assuming the eidstence of two, three, or four factors. 

When examining the structure of the stem in the second generation, 
stems of the type of M. falcaia were observed in 565 individuals, ancl 
of the type of M. sativa in 30 individuals. Since the ratio of tliese 
numbers (18:1) is close to 15:1, the workers assumed the existence of 
two hereditaiy factors, with ,the Jalcata type dominant over the 
sativa type. 

MacVicar (^2) reports the results of an investigation to determine 
the inheritance of black and white seed coat characters in alfalfa and 
whether or not the former could be utilized in breeding as a marker for 
identifying improved strains. He says: 

The available evidence indicated that the white seeded parent was homusygons 
for a recessive factor which results in the absence of yellow pigment, and that the 
inheritance of this character was comparatively simple. Inheritance of the black 
seeded character, on the other hand, was fairly complex, reqtiiring the assump- 
tion of at least three factor pairs. The original black seeded plant was thought 
to have arisen as a single gene mutation. This gene, primarily responsible for 
pigmentation of the seed coat, together with at least two modifying factors was 
postulated as the most probable genetic factorial basis to account for the breeding 
behavior of the original black seroed parent. 

It was concluded that the character of black-seededness would be valueless 
from a utility standpoint. 

The cytological aspects of alfalfa have also been neglected until 
recently, when several interesting papers have been published. 
Among these is a paper by Fryer (12), sunmarizii^ much of what is 
known regarding chromosome numbers in Medicago species, and 
•anoHier by Cooper (6) on embryology, reporting the important fact 
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that according to his observations the lack of seed production in 
various plants seems to be due not to lack of pollination or fertiliza- 
tion but to failure of the ovule to develop after it has been fertilized. 
In plants that fail to set seed after effective pollination takes place, 
the young embryos abort. Direct evidence regarding the cause of 
the abortion was not available, but it was believed to be an unbalanced 
nutritional condition. 
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APPENDIX 

Investigators Working on Alfalfa Improvement 

The following list includes mainly the breeders and workers employed by institu- 
tions that returned questionnaires on superior germ plasm in alfalfa. Nearly all 
the workers listed as State apicultural experiment station employees devote 
only a small part of their time to alfalfa-breeding investigations. The remainder 
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of their time is given to investigations on otlier crops. This is also true of some of 
the field staff of the Division of Forage Crops and Diseases, Bureau of Plant Indus- 
try, United States Department of Agriculture. Early workers are listed on page 
1233. The names of alfalfa breeders listed for foreign countries were all given 
in the returned questionnaires. 

An asterisk (*) denotes IJiiited States Department of Agriculture employee. 

United States 

United States Department of Agriciilturc, Bureau of Plant Industry, Division of 
Forage Crops and Diseases, Washington, D. C • 11. li. Westover.* 

California Agricultural Experiment Station, Davis: B. A. Madson, F. N. Briggs. 

Colorado Agricultural Experiment Station, Fort Collins: D. W. Rolierteon 
R. M. Weihing. ’ 

Kansas Agricultural Experiment Station, Manhattan: C. O. Graiidficld.* 

Kentucky Agricultural Experiment Station, Ijexington; E. N. Fergus. 

Michigan Amcultural Experiment Station, East Lansing: E. E. Down, S. T. 
Dexter, H. M. Brown. 

Minnesota Agricultural Experiment Station, St. Paul: A. C. Amy. 

Montana Agricultural Exiieriment Station, Havre: M. A. Bell. 

Nebraska Agricultural Experiment Station, Lincoln- T. A. Kiessclbach, H. M. 
T\ sdal. * 

New Jersey Agricultural Experiment Station, New Brunswick: H. B. Sprague, 
E. M. Hodges. 

New Mexico Agricultural Experiment Station, State College: J. C. Overpeck, 
G. N. Stroinan. 

Now York Agriculturtd Experiment Station, Ithaca: C. 11. Meyers. 

Rhode Island Agricultural Ex])erimciit Station, Kingston: T. E. Odland, H. F. 
A. North. 

Utah Agricultural Experiment Station, I^ogan: R. J. Evans, B. L. Richards, 
J. W. Carlson.* 

Wisconsin Agricultural Experiment Station, Madison: R. A. Brink, A. H. 
Wright, O. S. Aamodt, E. J. Delwiche (Green Bay), A. 1 j. Bibby (Spooner), 
A. M. Strommen (Spooner), L. E. Muskavitch (.\shland), F. R. Jones.* 

Canada 

Dominion of Canada Experimental Farms, Ottawa, Ontario. L. E. Kirk, 
J. M. Armstrong. 

University of Saskatchewan, Saskatoon, Saskatchewan: T. M. Stevenson, 
William J. White. 

University of Alberta, Edmonton, Alberta: J. R Fr.vcr. 

Ontario Agricultural College, Guelph, Ontario- R. Keegan, O. McConkey. 

McGill University, MacDonald College, Quebec: J. N. Bird. 

Australia 


Bathurst Experimental Farm, Bathurst: W. T. Atkinson. 

Grafton Experiment! Farm, Grafton: W. H. Darragh. 

Riverina Experimental Farm, Yanco: W. II. Poggendorff. 
Hawkesbury Agricultural College, Richmond: N. S. Rhirlow. 

Wales 

Welsh Plant Breeding Station, Aberystwytli: R. D. Williams. 

Germany 

Kaiser Wilhelm Institute, Muiiohlierg: J. Hackbarth, Dr. Schrock, 
Siveden 
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K^' to Some of the Commoner Species of Medicago 

Pods not coiled, straight or curved; flowers yel- 
low. 

Pods not flattened. 

Pods kidney-shaped, one seeded, style as Chromoiome immbtr (in) 

long as ovary at time of blooming. M. lcpulixa 16 

Pods straight or curved, several seeded, M. palcata *32 

usually sickle-shaped, style never as long 
as ovary. 

Pods flattened, at least twice as broad as hi 
M. fcdcala. 

Pods large, oval, many seeded M. platycarpa 16 

(M. PLATYCARPOS). 

Pods smaller, with about four seeds M. ruthenica 16 

Pods spirally coiled. 

Coil with an open center; plants perennial. 

Shrubby, 4 to 10 feet high; flowers large, M. arborea 32 

yellow. 

Herbaceous plants; flowers usually not yel- 
low. 

Pods but little coiled, less than a full M. hemicycla 32 

spiral. 

Pods with one to several windings. 

Flowers uniformly violet or blue M. sativa 32 

Flowers variegated, %vhite, yellow, and 
blue. 

Plants generally without rhizomes. 

Plants glabrous or slightly pubes- M. media 32 

cent. 

Plants glandular pubescent, espo- M. olutinosa 32 

daily pods and calyx and .voung 
shoots. 

Plants with long rhizomes; flowers, M. gaetuda 32 

seeds, and pods larger than in M. 
media, pod with two and a half to 
four windings. 

Coil with a closed center; flowers yellow; an- 
nuals. 

Pods generally spiny. 

Spines in a double row, those at top of bur M. corovata 16 

turned upward to form a double crown. 

Spines not as above. 

Leaves with a dark blotch in center; M. arabica 16 

seed with a projection by the hilum. 

Leaves without a dark blotch. 

Pods 7 to 10 mm across, spines from M. hispida-. 14 

half to whole width of winding. 

Pods as alx)ve, but spines shorter M. hispida dbnticulata. 14 

Pods without spines. 

Pods small, about size of those of M. hia- M. hispida conpinis 14 

pida. 

Pods much larger. 

Pods flattened; leaflet nearly orbicular. _ M. orbicularis 16 

Pods nearly spherical; leaflets nearly M. scutellata 32 

twice as long as wide. 

1 Abo 16 

Bri^ Description of Certain Medicago^ S^ies With Particular Reference to 
Their Economic UesirahUity 

Medicago platycarpa is a low-growing perennial with large broad leaflets, yellow 
flowers, and large flat pods, found mainly in Siberia. According to Hansen its 
distribution is mainly along the edges of timberland and in open places in the native 
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timber, indicating that it might be adapted to sheltert'd regions such as the timber 
sections of nortiiern Minnesota and Wisconsin and westward into the Rocky 
Mountains. 

A/, ruthenica is a small seinieroct perennial with small narrow leaflets, yellow 
flowers, and small pods. Hansen found this 8|)ccies growing wild in a section of 
the Gobi Desert in nearly pure sand In general it is found scattered in dry, stony 
soils. As a fodder plant this species is greatly relished by the cattle, horses, sheep, 
and camels kept by the, Mongolian nomads. Its distribution is farther north than 
that of Common alfalfa {M. saliva). 

M. arborea is the largest representative of the Medteago genus, attaining a height 
of iipwaril of 10 feet. It is a native of the Mediterranean region of Europe and 
does not thrive in cold climates It is cultivated to a limited extent in various por- 
tions of its range, but as it gets woody too quickly and is less productive than M. 
saliva, that siiecios is much more in favor. 

A/, falcata is an upright to prostrate perennial with small elongated leaflets, 
yellow flowers, and falcat<‘ polls. It is distributed over a wide range in eastern 
I liiropc and w csti'rn Asia. Apparently it combines readily with M. saliva to form 
many of the cultivated varieties such as Griiiiiii and Cossack, which are classified 
as Af. media in the foregoing key. Many strains, though not all, are very cold- 
resi.stant, and certain types also endure pasturing rather well. It is now being 
used in breeding programs to a considerable extent 

A point of particular interest has recently been raised by Fryer (/;8), who found 
dilTereiit ehromosome niimlx'rs m A/ falcala. In two strains he found the number 
to be 2ii -32, while in another strain he found it to be 2n— 16. It is probable 
these two tyjies w'oiild react differently in crosses. 

A/, gaelula is iiarticularly not<*d for'its rhizomes, by means of which it spreads 
readily like sod-fornimg grasses. It is now being used in crosses to produce pasture 
and soil-binding types. 

A/, glultnosa is a native of the Caucasus Mountains and Trans-Caucasia gen- 
erally, esiiecially of Armenia, where it is found up to an elevation of 7,500 feet. 
It is'foiiiid growing in a very dry iqiland region and is more vigorous than most 
Medicugn species of Caucasia 

M. hemicyda is found in the Caucasian region and is somewhat similar in mor- 
phological type to A/, media It is considered to be a natural cross between M, 
saliva and A/ falcata. 

M coronala is n-iuarkable on account of its very high drought resistance. It is 
an annual found in all parts of Palestine, but its occurrence on the mountain slopes 
is jiartieularly interesting, as the soil there is only an inch or two deep over the 
rocks. The seed setting of this variety is also high. 

McKee and Ricker Ul) state tliat the nonperennial species of Medicago consist 
principally of bur-clovers, mostly annual plants native to the Mediterranean re- 
gion. Spotted bur-clover (A/, aralaco), California bur-clover (Af. Atspida), and 
black medic (Af. lupulina) are the only species now' widely distributed in the 
United States. The feeding value of bur-clovers, both those with and those 
without siiines, is good. Among the latter the three most promising are Af. con- 
finis, Af. orbicularis, and A/ arabica inermis. 



IMPROVEMENT 
IN SOYBEANS 


W. J. MORSE, Senior AgrononuBt, 

J. L. CARTTER, Associate Agron- 
omist, Division of Forage Crops ami 
Diseases, Bureau of Plant Industry t 

One of the most striking agricultural developments of recent times 
is the rapid rise of the soybean within the last few years from the posi- 
tion of a substitute and emergency crop to a place of considerable 
economic importance in American agriculture and industry. First 
introduced into this country in 1804, it was grown for many years 
only in gardens as a curious plant from the Far East. Its culture 
has now spread over much of the territory east of the Mississippi 
River, and it has become well established in the cropping systems of 
this area as well as in the States bordering the west bank of the 
Mississippi. 

The high nutritive value of the plant and its seeds has made it 
particularly valuable as a hvestock feed. The seed, with its by- 
products, oil and oil meal, have great commercial possibilities as a 
food and for industrial purposes. In spite of the extensive investi- 
gations that have been conducted, the work of developing this versa- 
tile plant to its fullest possibilities is still in its infancy, ^^ile much 
has been done in determining the genetic relations oi many seed and 
plant characters, the plant breeder has many problems of a complex 
nature ahead in the development of new and better varieties for the 
various purposes for W'hich the crop is now being used. 

HISTORY OF THE SOYBEAN 

The early histoiy of the soybean is lost in obscurity. Ancient Chinese 
literature, however, reveals that it was extensively cultivated and 
highly valued as a food centuries before written records were kept. 
It was one of the grains planted by Hou Tsi, a god of agriculture. 
The first record of the plant is contained in a materia medica de- 
scribing the plants of China, written by Emperor Sheng Nung in 2838 
B. C. The crop is repeatedly mentioned in later records, and it was 
considered the most important cultivated legume and one of the five 
sacred grains essential to the existence of Chinese civilization. Seed 
of the j^ant was sown yearly with great ceremony by the Emperors of 
China, and poets extollea its virtues. The records of methods of 
culture, varieties for different purposes, and numerous uses indicate 
that the soybean was perhaps one of the oldest crops grown 
by man. 

Botanicallv the soybean usuallv has been referred to in literature 
as Glycine hispida (Moench) Maxim. In an extensive botanical 

I Tbs BUthon ats irsatljr Indebtsd to C. M. Woodworth and L. Y. Williams, of the Illinois Agrloul- 
tval Exi>eriinent btation, for their cooperation and snweetlons In the tneparatlon of this article. 
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study Piper (fig. 1) came to the conclusion that the soybean must be 
named Soja max (L.) Piper. Other botanists, however, consider 
Olycine javanica L. the type species of Qlydne and call the soybean 
Olynne max (L.) Merrill.* 

’The cultivated soybean is thought by many invest^ators to have 
been denved from Glycine -ussuriensis Regel and Maack, which 
grows wild throughout much of 
eastern Asia. This species is 

f irostrate in habit of growth, 
las long fine twining stems. 



small narrow leaves, appressed 
hairs, purple flowers, small com- 
pressed pods, and small oblong 
seeds of a sooty-black cxilor. 

Karasawa (5)*, on the basis of 
genetic data, believes the cul- 
tivated soybean might have been 
derived from this wild species 
through the qualitative and 
<|uantitative changes due to 
gone mutation, unaccompanied 
by any change in chromosomes. 

A plant with characters be- 
tween tlie wild and the culti- 
vated species has been described 
by Skvortzov (55) as G. gracUis 
Skvortzov. 

Europeans know of soybeans 
in the seventeenth century, and 
they were tried in Germany, 

Eiiglaml, France, and Hungary 
but did not become commer- 
cial established in any part 
of Eiiropo until in recent years. 

The first mention of the soybean in American literature was in 1804, 
when Janies Mease wrote: “The soybean is adapted to Pennsylvania 
and should be cultivated.” In 1889 W. P. Brooks, of the Massa- 
chusetts Agricultural Experiment Station, brought a number of 
varieties from Japan, and in 1890 C. C. Georgeson, of the Kansas 
station, secured three lots from the same country. Undoubtedly 
other early importations of seed from Asia were obtained through 
missionaries, but no definite, records have been found. Since 1890 
most of our agricultural experiment stations have experimented with 
soybeans on<l many bulletins have been published dealing wholly or 
partly witli the crop. 

In 1898 the Department started to introduce largo numbers of soy- 
beans. Previous to this there were not more than eight varieties, 
with limited adaptation to soil and climatCj grown in the United States.® 
Since that time the acreage of soybeans m the United States has in- 

• numbers in naronthesei refer to Selected References on the Genetics of the Soybean, p. 1181. 

The eighr^rtefies'ofsoybenns grown in the United States were Ito San, Mammoth Yellow, Butterball, 
Buclcshotr Kingston. Guelph or Medium Green, Eda, and Ogemaw. 


Figure I, -The laic C'harles Vancouver 
Piper, agronomist. United States Depart- 
ment €»f Agriculture, 1902-26. Pioneer in 
the introduction and development of soj - 
bean varieties for United States conditions. 
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creased more than a hundredfold — from less than 50,000 acres in 1907 
to nearly 6,500,000 acres in 1935. The increase in acreage and 
production in this coimtry has been closely correlated with the intro- 
duction of varieties from the Orient 'and their development 
through selection. 

WORLD DISTRIBUTION AND PRODUCTION 
The soybean is grown to a greater extent in Manchuria, often 
called “The Land of Beans”, than in any other country in the world 
(fig. 2). It occupies about 25 percent of the total cultivated area 
and is the cash crop of the Manchurian farmer (fig. 3). Chosen and 
Japan are large producers, and south of China the soybean is culti- 
vated more or less in the Philippines, Siam, Cochin China, India, and 
the East Indies. 

In the central part of the Union of Soviet Socialist Republics the 
districts of the Don and the southwest are said to be especially suited 
to the culture of this crop. In Czechoslovakia, in 1935, commercial 
beans were produced on a small scale. Rumania has also succeeded 
in growing soybeans of high quality, and the production of seed is 
rapidly increasing. In other parts of the world, particularly Germany, 
England, South Africa, British East Africa, Algeria, Egypt, New South 
Wales, and New Zealand, soybeans have been tried or are being grown 
in a small way. 

In the Western Hemisphere the production of soybeans is concen- 
trated chiefly in the Com Beit region of the United States. In 1920, 


ONE of the most striking agricuUural devdopments in the United 
States in recent times is the rapid rise of the soybean. In 1907 
there were 50,000 acres; in 1935, nearly 5,500,000. In 1920, 
seed production was 3,000,000 bushels; in 1935, about 40,000,000. 
Remarkable progress has been made in the last few years in develop- 
ing food and industrial uses. Soybean breeding to ineet varied 
cultural, food, and industrial needs is being conduOed by the 
United States Department of Agriculture and by experiment 
radons in 32 States, and more than 10,000 introduftions have 
been made for study and experiment. In spite of extensive inves- 
tigations, the work of developing this versatile plant to its fullest 
possibilities is still in its infancy. But thou^ the plant breeder 
has many problems of a complex ncOure ahead, there appears to 
be no reason why it should not be possible, by selection and hybridi- 
zation, to develop varieties that possess a I, or nearly all, the im- 
portant duiracters desired by oil processors and by manufacturers 
of food and industrial products. 
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14 States produced 3,000,000 bushels of seed, the leading States being 
Worth Carohna, Virginia, Alabama, Missouri, and Kentucky— North 
Carohna producing about 55 percent of the total. By 1931, seed pro- 
duction had increased to nearly 15,500,000 bushels, with IlUnois, 
Indiana, North Carohna, and Missouri leading. In 1935, about 
40,000,000 bushels of seed were produced, of which about 37,500,000 
bushels (92 percent) were harvested in Illinois, Indiana, Iowa, Mis- 
souri, and Ohio, the first three States producing about 87 percent of 
the total. In Canada, production is confined chiefly to the Province 



Figure 2 — Storage yard of a (^bineae grain merchant near Kungehuling, Manchuria. 
More than 80 oeier bins, each holding four carloads of soybeans, were in this yard. 

of Ontario, where about 15,000 acres are planted to this crop. In 
other parts of the Western Hemisphere the acreage grown m any 
country is small. 

Table 1 shows the increase in production of soybeans over an 11- 
year period, 1924-25 to 1935-36 inclusive, in the principal producing 
countries of the world. 


Table 1 . — Increase in production of soybeans over an 11-year period, 
1924-25 to 1935-36, inclusive, in the principal producing countries 
of the world ‘ 


Production In— 



1 From the following publication. U. B. Dept. Agr., Agricultuial StatlsUcs 193 
1 1934-36. > 1933-34 (decrease). 



Figure 3 . — The Manchurian farmer sUil harvests (A), threshes (B), and cleans 
(C) soybeans by hand methods inherited from his ancestors, whereas in the 
United States (D) modem machine methods are used. 
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UTILIZATION OF THE SOYBEAN 
In the Orient the soybean is grown principally for the seed, which for 
centimes has been utilized in the preparation of a great variety of 
fresh, fermented, and dried food products indispensable in the diet of 
oriental people. Laige quantities of beans are also crushed for oil, 
which is used for food and numerous industrial purposes; and the 
resulting cake or meal 
(fig. 4) is utilized chief- 
ly as a fertilizer and to 
a small extent as feed 
for animals. Europe- 
an oil mills have for 
many years imported 
considerable quanti- 
ties of soybeans from 
Manchuria (fig. 5) for 
crushing for oil and oil 
meal. 

The soybean is used 
in the United States 
primarily for forage 
purposes, being cither 
preserved as hay or 
silage or cut and fed 
green ns soilage. It is 
also pastured exten- 
sively with hogs and 
sheep, and is used to 
some extent as a green 
manure or cover crop. 

For many years the 
increasing supply of 
seed was matcnM by 
a steady demand for 
planting the expand- 
mg acreage and for use 
as a stock feed, but 
eventually other out- 
lets had to be found. 

About 1920 the possi- 
bilities in home-grown 
soybeans attracted the attention of oil mills, and by 1929 they began 
to be a potent factor in the production of the crop for commercial 

S oses. In 1926 slightly more than 2,500,000 pounds of oil were 
uced in tlie United States, while more than 200,000,000 pounds 
were obtained from the 1935 crop. 

Remarkable progress has been made in the last few years in develop- 
ing food and industrial uses for the soybean, the oil, and meal. At 
present about 45 oil mills, including a few cottonseed oU mills, are 
crushing soybeans; more than 40 concerns are manufacturing soybean 
food products and soybean flour; and more than 75 factories are 



Figure 4 . — Millions of soybean oil rakes are stored in 
warehouses in Manchuria awaiting shipment to Japan, 
Chosen, China, and the East Indies, where they are used 
for fertilizing purposes and for cattle feed. 
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turning out various industrial products made from soybeans. Soy- 
bean oil has become an important product in many industries. In 
addition to the use of the meal in livestock feeds, considerable quanti- 
ties are utilized ha iiwr manufacture of foods and industrial products. 
The high nutritional value of the soybean, known for many centuries 
in oiiental countries, is becoming quite generally recognized in the 
United States. Many food concerns in various parts of the country 
are manufacturing numerous products wholly or in part from the 
soybean. 

The following outline shows the diversity of uses to which the 
different products of the soybean are put; 

SOYBEAN UTILIZATION 



( Fuel. 
Furfural. 


^llulold substitutes. 
Core binder. 

'Feeds 

.FertUlier 
I Glue. 


(Cattle 
Dogs 
Fish 
Hogs 
1 Poultry 


Human food-. 

Plastics 
tWater paints. 

'Candles. 

Celluloid 
Core oil. 

Disinfectant 
Electrical insulation. 
Enamels 

Food products 

Fuel 

Glycerin. 


-Iseasonlng powders. 


IButter substitutes. 
Cooking oils 
Lard substitutes 


Lubricant. 

Oilcloth. 

Paints 
Printing Ink. 

Rubber substitutes. 

Soaps 

Varnishes 

Waterproof for cement 
Waterproof goods 

, rCanned. 

Green bean .... I Frosted 

] Green vegetable. 


, Boiled. 

Breakfast foods. 
Feeds 


Sprouts. 

Vegeteblel 


I Condensed. 

I Curd 

Foods. 

[Powder. 


{ Paints. 

Paper site. 

Textile dressing. 
Waterprooflng f Canned. 

Dried. 

..{Fermented. 
Fresh. 
[Smoked. 


[Candles. 

'Chocolate. 

Emulsifier 
Margarine. 
Medicines 
[Textile dyeing. 


(Hard 
. . iLIquhl 
[Soft 


Breaktest foods. 
Candles. 
Chocolate. 
Diabetic foods. 

Health drinks. 

Ice-cream cones. 

[Candied. Ice-cream powder. 

Coilee substitute. Inhint foods. 
[Salted. Macaroni prodncti 

[Meat products, mil 




Fiffuv 5 . — Coolies loading soybeans on a freighter for shipment to the 
oil mills of Europe. 

IMPROVEMENT OF SOYBEAN VARIETIES 
Soybean breeding is being conducted in the I/nited States, Japan, 
Manchuria, China, India, Chosen, and the Union of Soviet Socialist 
Republics, and to some extent in a few European countries. As 
with other crops, the chief objective has been increased yield under 
local conditions. Within the I^t few years, however, with increased 
utilization of the soybean for industrial and food purposes, attention 
has also been given by plant breeders to the oil and protein content, 
the nutritive value, and the quality of beans. 

In the United States, more than 50 percent of the acreage devoted 
to soybeans is used for forage and pasture; breeding work, therefore, 
has tended largely toward the development of varieties for hay, silage, 
and pasture. The development of such varieties as Virginia, Laredo, 
Otootan, Wisconsin Black, Manchu, Wilson-Five, Kingwa, Peking, 
and Ebony by selection from introductions has been the principal 
factor in the increased use and acreage. 

Beginning with 1929, the use of soybean seed by oil mills has led to 
a demand for yellow-seeded varieties of high oil content. Agrono- 
mists end plant breeders have attempted to meet this demand by 
mal^g large numbers of selections from foreign introductions and 
locally grown varieties and by analyzing these for oil content. This 
has brought about the development of several superior oil varieties 
and has resulted in a large increase in production of beans for milling 
purposes. The most popular of these varieties are Illini, Uunfield, 
Mukden, Mandell, Scioto, Mansoy, Manchu, Mamredo, Delsta, and 
Mandarin. Results of analyses with more than 1,000 selections and 
varieties have shown a range of from 12 to 26 percent in oil content. 
From studies cf the oil content of varieties grown in a given locality, 

13S904°— r-7 74 
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it seems possible, from the breeding standpoint, to produce varieties 
high or low in oil, at least within the known ranges of variation 
exhibited by common varieties.* 

Quality, which may include several characters, the most important 
of which are the iodine number and the lecithin value, is the chief 
factor in the use of soybean oil. The drying property of an oil is 



Fiffjare 6 . — Prize winners. Maiieliunaii farmers are awarded cerlificates and prizes 
for producing high-qualily soybeans. 


measured by the iodine number, that of linseed being about 180. In 
a large number of tests with varieties and selections of soybeans, the 
iodine number ranged from 118 to 141. The iodine number of the 
wild soybean was found to be 155. To give soybean oil a better 
diying quality for paint purpose, its number must bo raised. On the 
other hand, it is stated that oil with a low io<lino number is more 
suitable for food purposes. Lecithin, a phosphatic compound, of 
which egg yolk was the chief source of supply, is now being extracted 
from soybean oil on a commercial scale. It is used extensively in the 
baking and confectionery trades, and also in textile and leather indus- 
tries. Varietal studies show a range of IK to 3 percent, according to 
variety. The development of varieties high in lecithin and high and 
low in iodine number offers a most promising problem to the plant 
breeder. The best procedure in breeding for quantity and quality 

< The Agricultural Experiment Station of the South Manrhiiria Railway at Kungchuling, Manchuria, 
has conducted experiments for several years toward the selection of varieties for high oil content. One 
variety, the Kungchuling, with seed uniform In size and shape and an oil content of more than 20 percent, 
has hMn widely distributed. To encouran the growing of this variety In regions to which it has been 
found adapted, the Experiment Station holds an annual soybean fair at which prizes ore given to the farmers 
having the highest dURlity of seed (flg. 6). 
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of oil in the soybean is without doubt to analyze adapted varieties 
and then to isolate the best line from the best variety 

The development of new industrial uses for protein from the soybean 
and the value of this constituent in foods and feeds has led investi- 
gator to mve more attention to varietal differences in the amount and 
quality of protem. Extensive analytical tests show a range of from 28 
to 56 percent of protein (moisture-free basis), depending on variety 
and locality. Investigations of the nutritive value of soybean protein 
have shown that it contains all the essential amino acids. Studies by 
the Bureau of Chemistry and Soils of the United States Department 
of Agriculture with several standard varieties show' a wide range in 
percentage of tlireo amino acids — cystine, tryptophane, and tyrosine — 
which indicates the possibility of developing varieties of high nutritive 
value for animal feeds and human foods. 

In the Orient, soybean foods to a very considerable extent supply the 
protein that is furnished largely by meats in the diet of western people. 
Oriental varieties of soybeans are distinguished not only according to 
seed and plant characters but also according to use, as for bean curd, 
bean sprouts, confections, and other food products. Increased recog- 
nition of the nutritional value of the soybean in the United States has 
created a demand for varieties more suitable for this purpose, since the 
varieti^ generally grown for commercial uses are not desirable for food. 
The principal drawbacks to the use of dried beans have been the length 
of time necessary for cooking and the flavor. Eimerimonts with a laree 
number of selections and varieties used in the Orient showed consid- 
erable variation. Some were of excellent flavor and became soft in 
less than 2 hours of cooking, while others remained hard and had little 
flavor or a pronounced bean flavor. Several of the most promising have 
been testea in various sections and the Easycook, Bansci, Rokusun, 
Jogun, Chusei, and Sousei are now in the hands of growers and seeds- 
men. Experiments by commercial Aims have shown that these vuiric- 
ties are superior to commercial varieties for the manufacture of food 
products, such as bean flour, roasted beans, bean milk, and bean curd. 

In Japan, certain varieties of soybeans were found that were used 
solely as green shelled beans. Ranging in maturity from 75 to 170 
days, many of these introductions, and selections from them, have 
been found especially promising for various sections in the United 
States. The vegetable soybean offers an e.xcellent food of high nutri- 
tional value, especially in the fall when other green beans are lacking 
and in sections where the Mexican bean beetle prohibits the growing 
of garden beans. As a result of selection, cooking tests, and adaptation 
studies, eight green vegetable varieties — Hahto, Kura, _Kanro, Hok- 
kaido, Higan, Chusei, Sousei, and Jogun— have been introduced in 
various sections of the country. , , u * 

Although the major objective of soybean breeding has been to 
increase acreage yields, increasing utilization for food a.nd iMust^ 
purposes demands improvement m quality as well as yield. With the 
vast number of introductions now under test by the Department and 
State experiment stations, there ap^ars to be no reason why it should 
not be ^ssible, by selection and hybridization, to develop vanetiw 
that posMss all. or nearly all, the imnortant characters d^ijed by oil 
processors end \)j manufacturers of food and industrial products. 
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ADAPTATION 

The soybean seems to be peculiarly sensitive to changes of soil and 
climate. Differences in behavior of the same purc-hne variety in 
different localities are often very striking, so much so that it is often 
difficult to believe the variety is the same. Obviously, this adaptation 
explains why practically every locality in the soybean regions of tlie 
Onent has its own local varieties. Of the many varieties introduced 
into the United States, the same variety has rarely been secured a 
second time unless it was obtained from the same locality. In the 
Orient^ limited areas appear to have varieties adapted to their own soil 
and climatic conditions. For the most part, Japanese varieties are 
unsuited to Manchuria and Chosen (Korea), and on the other hand, 
few Manchurian and Korean varieties are suited to Japan. Very 
few Korean varieties are adapted to the soil and climate of Man- 
churia. In these countries centuries of experience, aided by natural 
crossing and natural selection, have brought about the development 
of varieties adapted to special purposes. In China, Japan, Man- 
churia, and Chosen varieties are found especially suited for bean curd, 
bean milk, bean sprouts, green vegetable beans, bean flour, bean con- 
fections, oil and oil meal, and femiented products. Different regions 
in these countries have their own different varieties for these purposes. 

One of the outstanding results of soybean improvement work m the 
United States has been the realization of the importance of varietal 
adaptation. Early investigatoi’s noted that introductions from vari- 
ous localities in the Orient differed widely in their adaptation to various 
regions or localities in this country. This led to the conclusion that 
by introduction and local selection strains adapted to all localities, 
conditions, and purposes could bo developed. With the increase in 
the number of introductions and the developnient of new varieties 
from these for a greater range of soil and climatic conditions, the 
acreage in commercial plantings has increased. 

In many regions of the I’nited States adaptation experiments com- 
paring standard varieties with newly developed sorts or new intro- 
ductions indicate that the new types are better adapted than the 
commonly grown varieties, and it seems likely that varieties for dif- 
ferent uses that suit requirements in nearly all our farming regions 
will be found. At present about 100 named varieties (see appendix, 
table 4) are generally grown or are being increased for greater dis- 
tribution in this country. Although it would be highly desirable to 
limit the number of varieties in the trade, unfortunately each region 
must have locally adapted varieties suitable for different purposes 
in order to obtain the best results. 

METHODS IN BREEDING 

The soybean is normally a self-fertilized plant, the flowers being per- 
fect, producing both pollen grains and ovules. The flowers are com- 
pletely self-fertile, as shown by experiments carried on by Piper and 
Morse (SO) at the Arlington Experiment Farm, Arlington, Va. (near 
Washington, D. C.), in 1909. Screened or ba^ed plants set pods and 
seeds os perfectly as plants in the open. Similar experiments by 
Woodhouse and Taylor (54) in India gave identical results. As 
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pollination occurs about as soon as the flower opens or a little before, 
there is little opportunity for cross-pollination to take place. How- 
ever, natural crossing does occur. Since the plant is self-fertilized, 
the same general principles of breeding that apply to other self-ferti- 
lized crops may be applied to the imyirovement of the soybean. 

Selection within self-fertilized plants is effective in purifying exist- 
ing strains and makes some improvement possible, but variations arc 
essential for any great improvement within a crop, and the only 

E ractical means the plant breeder has of inducing variations is by 
ybridization. By this method he may combine desirable characters 
from different varieties in one typo and obtain plants that express a 
character to a greater or lesser extent than it was expressed in either 
parent. As with other crops, the major problem in the improvement 
of the soybean is to bring together into one type all the characters 
that are considered desirable for a certain set of conditions. From 
this standpoint, hybridization holds much promise for the develop- 
ment of special varieties of soybeans. This involves close study of 
wild and domestic species, varieties, and strains and their reactions to 
environment, as well as quantitative and qualitative analysis of oil, 
protein, and other constituents of the seed. 

After varieties are selected or developed the grower faces the prob- 
lem of maintaining them as pure strams. Commercial varieties of 
soybeans are in general relatively pure because the plant is self- 
fertilized. However, in a field of a single variety one often finds more 
or less offtype plants. Such mixtures may be brought about by 
careless methods of planting and threshing, by natural crossing, and 
by mutation. No natural crossing will result if mechanical mixtures 
are avoided. Mutations rarely occur and therefore are not an impor- 
tant factor. A variety can be kept relatively pure by careful methods 
of planting and threshing and by roguing out offtype plants. 

Natural and Artificial Crossing 


Previous to 1907 it was quite generally assumed that natural 
crossing in the soybean did not occur. In that year oddly colored 
seeds were noted in the variety rows and plots at the Arlington Experi- 
ment Farm, and were selectecl by Piper and Morse (SO). The progeny 
of these seeds in 1908 showed segregation for various seed and plant 
characters. In that year more than 100 single plants of supposed 
hybrid origin were selected and most of these broke up in the following 
year in sunple Mendelian proportions, indicating that they were 
natural hybrids. It is often easy to detect hybrids by the peculiar 
coloration of the seeds (fig. 7). Among the more stnking colors are 
yellow or green with narrow streaks or bands of black or brown 
beginning usually at the hilum and extending over half or more of the 
seed, or mainlv centered about the hilum. Hybrid plants are also 
often distinguished by the unusual form of the pods near the tips 
of the branches. They are more swollen and the seeds are more crowd- 
ed than normal; the pods are often thinner walled and much less 
pubescent, sometimes being nearly snaooth. * u 

Natural crossing in soybeans has been studied to some extent by 
various investigators and it is quite generaUy agreed that a limited 
amount does occur, but that it is much less than 1 percent. 
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Fiffire 7 — Seeds of a natural soybean hybrid showing peculi 
types of coloration 
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Even this small amount of natural crossing undoubtedly is respon- 
rable for many of the mixture^ now occurring m our standard varieties. 
The crossing is made possible by the mechanical mixing of seed 
through careless methods of planting and harvesting. After 
wth one variety, the planters or harvesters are not thoroughly cleaned 
before starting on another, so that the two varieties are mixed in the 
same field. An excellent illustration of this is afforded by the Mam- 
moth Yellow vpiety now produced in eastern North Carolina. For 
many years this was the only variety grown in that section and it 
remained pure. As other varieties were introduced, the Mammoth 
Yellow seed became more or less mixed and it is now difficult to find 
fields without offtypes. 

Natural crossing in soybeans is undoubtedly brought about by 
small insects. Thrips have been observed to be very common in the 
^ybean flowers at the Arlington Exi)erunent Farm. Bees and other 
insects have also been observed working on soybean flowers. Studies 
by many investigators at various places indicate that soybean plants 
growing in contact with one another are more likely to be crossed 
than plants separated by a few feet. 

Because the flow'er is very small and easily injured, the work of 
making artificial crosses with the soybean is a difficult and tedious 
operation. Under field conditions at the Arlington Experiment Farm, 
Piper and Morse (31 ) made successful crosses in about 20 percent of the 
operations. In the greenhouse, wdiere it is difficult to secure normal 
behavior in the soybean plant in winter, no success has thus far attend- 
ed efforts to produce hybrids. Under winter conditions, the plants are 
small and bear few flowers, which do not develop and open normally 
and which apparently become fertilized in tbe very early bud stage. 
Woodworth (63), in crossing studies, found that soybean crosses can 
be made in the greenhouse as well as in the field provided artificial 
light is used. Light from 500-watt bulbs was used in the early stages 
of plant growth to induce good vegetative development, and then the 
light was shut off to induce flowering. The pcrcentoge of successful 
crosses is said to compare favorably with that ordinarily obtained 
under field conditions. 


Crossing the flowers in the afternoon from 3 to 7 o’clock has given 
the best results, and it also has been found best to emasculate and 
pollinate a flower the same afternoon. Experience has shown that 
emasculation is the most difficult part of the operation and must be 

P erformed before the soybean flower has fully opened. All of the 
ower buds should be removed from the raceme except those to be 
crossed, and in these the purple or white of the corolla must have 
appeared above the calyx. At this stage, the^lO anthers surrounding 
the stigma (fig. 8) are immature and may easily be removed without 
bursting the pollen sacs. After emasculation, pollination is a rela- 
tively simple process, the pollen being applied to the stigma at 
once In collecting the pollen for crossing, it is ad viable to select 
well-developed flowers just before they open or fr^h-loolong Aowera 
that have just opened. After the pollen has been applied, the 
raceme should be enclosed in a small paper or cloth bag, or a 
leaf may be pinned around it to protect the parts from excessive 
evaporation. 
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Figure 8 . — Suybean flower and parte enlarged: A, hVoiil view; B, side view; C, parla 
of the coroUa (a, standard; b, wing; c, one of the keel petals); D, staiuens; E, 
pistil. 

M UTATIONS 

Tho origin of now varietic.s of soybean.s without liybridization has 
apparently occurred in several instances that have come under the 
observation of investigators. Piper and Morse (SO) cite a case in 
which a brown-seeded type, the Trenton, arose as a mutation 
from a yellow-seeded variety, the Mammoth Yellow. Grown side 
by side at the Arlington Experiment Farm, these varieties were 
indistinguishable by any character other than the seed color. Wood- 
worth (65) explains this by assuming that the gene designated as 
ii, carried by the Mammoth Yellow variety, mutated to the gene 
designated as i, and that this permitted the brown pigment of the 
Mammoth Yellow hilum to extend over the whole seed coat to 
produce a brown bean. 

A more recent mutation gave rise to the Avoyelles variety. This 
variety with medium-sized black seed was selected in Louisiana from 
a field of Otootan, a small black-seeded type, and it gave uniform 
progeny that in many characters is superior to Otootan. Stewart 
and Wentz (56) discovered a recessive glabrous type which they 
designated by the symbol p 2 and assumed that it arose as a mutation. 
Woodworth (65) notes the following mutations that have come under 
his observation: Dark to light pod, normal plant size to dwarf, normal 
green plant to variegated, and black hilum to brown hilum. In 
addition to these he has noted a few mutations in vegetative cells 
diat resulted in “chimeras” of various kinds. 
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Hybrid Vigor 

The phenomenon of heterosis, or hybrid vipor, in soybeans was 
first reported by Wentz and Stewart (60), who found in the first- 
generation hybrid of some crosses considerable increases in height of 

S lant over the average of the parents. Still greater evidences of 
ybrid vigor were shown by the hybrids in yield of seed, the per- 
cent^e increases oyer the parents ranging from 59.58 to 394.37. 
Studies on hybrid vigor involving a greater number of crosses and 
more characters were made by Veatch (46). In 16 crosses the char- 
acters in wliich the hybrids exceeded, on the average, even tlie better 
parents, and therefore the characters in which nybrid vigor was 
shown, were the following: Number of pods per plant, plant weight, 
plant height, total stems and branch length, number of nodes, days 
from planting to flowering, seed weight or yield, and number of seed. 
Considerable variation, however, was found among the hybrids in 
the extent of hybrid vigor. Although the average of all the hybrids 
was higher in all characters studied than the average of all the parents, 
the average of all the better parents exceeded the average of the 
hybrids in average seed weight, number of seeds per pod, ratio of 
straw to grain, and average internode length. 

Nagai (ZS) also reports that the individual of the first hybrid 
progeny is extremely prolific in comparison with its parents. In a 
cross between the Akazaya (seed yield per plant 34.18 grams) and 
the Hashikawa Yellow (seed yield per plant 34.18 grams) varieties, 
the first-generation hybrid yielded 52.97 CTams and the first generation 
of the reciprocal cross 54.84 grams. In two other crosses similar 
evidences of hybrid vigor were Siown in yield of seed over the parents. 
The problem of utilizing this hybrid vigor for increased production is 
rather complicated, and in order to make any definite progress more 
extensive investigations are essential. 

INHERITANCE STUDIES AND CYTOLOGY* 

The many strains differing widely in’ plant and seed characters and 
the almost complete self-fertility of the soybean make it an excellent 
plant for genetic study. The tediousness and difficulty of artificial 
crossing undoubtedly have been the chief reasons why more extensive 
genetic analysis of the plant has not been undertaken. Woodworth 
(6S) and Nagai (^S) have perhaps made the most substantial contri- 
butions. Considerable information has been collected on the be- 
havior of progeny of natural and artificial hybrids, the most important 
features of which are presented heroin under discussions of various 
plant and seed characters. 

Pl\nt Characters 


Flower, stem, pubescence, andfolia^ 

Soybean flowers occur in two colors, purple and white. While 
variations in intensity and grade of color occur m the purole-flowered 
varieties, no attempt has^een m^e to di^e/f^.^iate them ex^pt 
by Nagai (22) and Takahashi and Fukuyama (42). Skvortzov (35) 

jThiiMctl^b written primarily for studenU or others professionally Interested In breeding or genetics. 



1170 


YEARBOOK, 1937 


mentions a wild species of soybean with yellow flowers in Manchuria. 
This is perhaps an error, as there has been no hint of yeUow flowers 
in the 10,000 or more introductions of cultivated and wild varieties 
and strains from all parts of the world, studied by the Department 
and numerous State experiment stations. In crosseS| Woodworth 
(38) found purple (WO dominant to white («?), with a simple ratio of 
3 purple to 1 white in Fj. A diliybrid ratio of 9 purple, 3 purplish red, 
and 4 white was obtained in on F 2 generation by Takahashi and 
Fukuyama (4^). No^rai (23) reports pui-ple dominant to white in a 
simple segregation ratio, or the segregations may be observed in three 
colors, purple, purplish blue, and white in a 9.3 ;4 ratio, the purple 
in the case evidently being determined by two factors. Piper and 
Morse (SI), in both artificial and natural hybridization, found flower 
color to separate In simple Mondelian ratio, the purple flowers being 
dominant. 

The stems of soybean seedlings are either purple or ^een, the purple 
color being most abundant just below the cotyledons. Purple-stemmed 
plants bear purple flowers and green-stemmed plants bear white 
flowers. In extensive tests at the Arlington Experiment Farm no 
exception was found to this relationship. Woodworth (6S) reports 
similar results and states that the same gene probably is responsible 
for both characters. Stem color is undoubtedly a reliable indication 
of the flower color to be shown later by the plant. 

According to Nagai (22), many Japanese varieties of edible soy- 
beans have a special character known as fasciation (fig. 9). In crosses 
of such plants with normal plants, Woodworth (<?S), Takagi (39), 
and Nagai (22) found fasciation to be recessive, and in F 2 a ratio of 
3 normal to 1 fasciated was obtained. 

Nearly aU varieties of soybeans are pubescent, that is, the stems, 
leaves, and pods are covered with fine tawny (brown) or gray hairs. 
In most cases there is no difficulty in distinguishing the two colors, 
but in some instances in selection from natural hybrids the pubes- 
cence color often is intermediate between gray and tawr^, and some- 
times both colors appear on the same plant. With artificial hybrids, 
the colors of pubescence have behaved in the same way as with 
natural hybrids. Tawny pubescence (20 is dominant to gray (t), 
and in Fa a simple ratio of 3:1 is obtained. 

Several yellow-seeded Japanese varieties, such as the Hadaka and 
Mizukumiri, are entirely glabrous, that is, lack pubescence or hairi- 
ness. These glabrous vaneties of early, medium, and late maturity 
have been found by Japanese investigators to be highly resistant to 
attack by the pod borer (Laspeyresiaglycimwrella Mats.), while pubes- 
cent vaneties are highly susceptible to injury from this pest. In the 
United States, Johnson and Hollowell (8) found glabrous varieties 
subject to considerable injury from the leafhopper (Empoasca Jahae 
(Harris)), while pubescent varieties were immune. According to 
Woodworth (6S), glabrous soybeans fall into two distinct types. When 
crossed with pubescent vaneties, one type behaves as a dominant 
while the other type behaves as a recessive. In each case the ratio 
is 3:1, indicating that a single factor pair is involved. Nagai and 
^to (23) discovered the dominant type and Stewart and Wentz (36) 
the recessive. Glabrous soybean plants are smaller, shorter, and 
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yield less than most pubescent plants, according to Nngai and Saito 
(23) and Owen (25). Nagai (22) had one case in which strictly gla- 
brous plants occurred in the F 3 generation in a cross of jiubescent 
parents. The occurrence of this glabrous progeny was attributed to 
mutation. 

In a study of the differences in amount of pubescence in American 
and Indian varieties, Woodhouse and Taylor (54) noted that the 
leaves of the Bengal “types I-V” differ from those of the Nepali 
“type VI” and the American varieties in being covered with soft 
upright hairs on their upper surfaces, whereas, the upper surfaces of 
the Tatter are covered with closely appressed hairs. In a cross be- 
tween the cultivated and the wild soybean (Glycine ussvriensis), 
Karasawa (9) found appressed pubescence in tlie wild soybean domi- 
nant to erect in the cultivated soybean, the segregation occurring in 
accordance with the monohybrid ratio. 

A wide variation occurs in the leaves of soybeans, involving shape, 
size, color, and degree of persistence. These characters merge py 
insensible degrees so that tliey are useful in differentiating varieties 
only in extreme cases. In shape the leaflets in some cases are ovate- 
lanceolate or almost linear; in others, nearly orbicular. In color they 
are usually a pale green but in some varieties dark green. In nearly 
all varieties the leaves commence to turn yellow as the pods begin 
to ripen and commonly all have fallen when the pods are mature. 
A few varieties, however, like the Medium Green, Old Dominion, 
Kingwa, and Wisconsin Black, retain their leaves until all or nearly 
all of the pods are mature. It has been ouite generally observed 
that varieties with yellow cotyledons have leaves that turn yellow 
as they mature, whereas some varieties with green cotyledons have 
leaves that remain green and persist until niaturity. It is believed 
that the retention of green in the leaves is associated or tied up 
with the green cotyledon color and is separate and distinct from 
the simple retention of leaves by the plant. Additional leaflets occur 
not uncommonly in several varieties. This seems to be especially 
true with the linear-leaved form and with several early green- 
vegetable varieties from Japan, which frequently have leaves with 
four or five leaflets. 

According to Nagai (22) there arc two kinds of yellow leaves. One 
is greenish yellow from the beginning of growth and has little chloro- 
phyll. The other has a normal or nearly normal amount of chloro- 
phyll when young, but the leaves turn yellow ns the plant grows. It 
was found that when either kind is crossed with a green-leaved vari- 
ety, yellow leaves are recessive to green leaves, segregating in a 3 : 1 
ratio in the former and in a 15:1 ratio in the latter. 

Takahashi and Fukuyama (42), in studies of hybrids between nor- 
mal and narrow-leaflet forms, found the Fj generation to be interme- 
diate, and in the P'j a ratio of 1 : 2:1 was obtained. Woodworth 
(63) found essentially similar results in crosses between normal and 
narrow-leaflet forms, except that the broad shape was partially 
dominant and the Fj generation was made up of two main forms, 
broad and narrow, in a 3:1 ratio. There were a few Fa plants, 
however, that seemed to be intermediate in leaflet shape between the 
two parents. 
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In a cross iiuulc })y Tukalmslii and Fukuyama (42) between a vnri- 
ety showinpr 73 percent of the compound leaves with extra leaflets 
and a normal variety the hybrid showed 52 percent of the compound 
leaves witli extra leaflets. In the F2, however, a ratio of 3 plants 
with extra leaflets to 1 normal plant was obtained. 

Woodworth (f)3) found in the F3 generation of a hybrid a single 
plant with variegated leaves. As neither parent possessed this char- 
acter, it was supposed that the variegation arose as a mutation. In 
cros.ses with normal and variegated plants, variegation proved to be 
recessive. While the deviation from the expected 3 : 1 ratio was rather 
laige, it was believed that variegation (I’l) is a simple recessive to nor- 
mal in inheritance. Takagi (30) has reported a type with greenish- 
yellow leaves that apjieared in one-si.xteenth of tlie Fa progeny of a 
cross between tw'o normal, green-leaved plants. 

Ih-if>hl oj Phmt and Maturity 

Two cases of inheritance of size in the soybean plant have been 
reported in which definite segregation in plant height w^as observed. 
Woodworth (5H) describes a natural hybrid that "segregated in the 
ratio of 3 tall-growing plants to 1 short, stocky, early-maturing plant. 
Stewart (34) reports a dwarf form that behaved iii inheritance as a 
simple recessive to the 

In soybeans there is a complete series of varieties ranging from very 
early (about 75 days) to very late (200 days or more). With very 
few exceptions earliness is o.orrelatcd with size, the tallest varieties 
being latest. The maturity eharacter usually has a complicated mode 
of inheritance because it is determined by numerous genes. Wood- 
worth (5S), however, describes a progeny of plants that s^egated 
for two plant sizes, tall and short, in a 3:1 ratio. Coupled with plant 
size was a difTerence in maturity. The tall variety matured usually 
about 2 weeks later than the short variety. In this case, late maturity 
was dominant. Studies by Vcatch (46) tended to confirm this, but 
Owen (25) found the Ft of crosses between early and late varieties to 
resemble the early in time of maturity more than the late, and in F* 
the range in maturity due to segregation covered the entire parental 

Pml-Iimring Ilahit and Pod Characters 

In a classification of soybean varieties Etheridge, Helm, and King 
(6) placed 100 or more varieties into classes with respect to pod-bearing 
habit as determinate and indeterminate (fig. 9). The determinate 
class has a dense array of pods on the central stem, terminating in a 
blunt apex, with a thin dispersal on the lateral branches. The 
indeterminate class has a sparse and comparatively even distribution 
of pods over all branches and stems, a diminisliing frequency toward 
the top of the central stem being notable. Woodworth (63) obtained 
a segregation for pod-bearing habit of 69 indeterminate plants to 19 
determmate plants, a single-factor difference appearing to be mvolved. 

The pods of the soybean exhibit a wide variation in color, rangmg 
from very light straw yellow through numerous shades of pay and 
brown to black. As vet very little work has been done m cl^sifymg 
varieties as to pod color or in studying pod-color inhentance; howper, 
pods usually have boon divided into two groups— dark pods, which are 
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mostly black or nearly so, and light pods, ranging from a very light 
tan to light brown. In inheritance studies, Woodworth (58) and 
Piper and Morse (31) found dark pods dominant to light and in the 
F2 obtained a ratio of 3 dark to 1 light. 

While the pods in most varieties of soybeans are distinctly com- 
pressed, some are cylindric, and all possible intermediate forms e.xist. 
Nagai (22) places pods into two general classes, flat and bulky. In 
crosses ho found the segregation of these two characters quite distinct, 
the flat (compressed) being dominant to the bulky (cylindric). 

Soybean pods in most varieties contain two to three seeds, rarely 
one or four. The linear-leaf soybeans from Manchuria possess a 
lai^c T>ercentage of four-seeded pods, although a few five-seeded pods 
have been found. Without doubt, seed number per pod is a heredi- 
tary character, although in some instances it is quite unstable, depend- 
ing upon method of culture, season, and fertility of the soil. Nagai 
(22), m a cross between two-seeded and three-seeded varieties, found 
that about 70 percent of the pods that segregated in the F2 generation 
were two-seeded. 

Under changeable w'eathcr conditions most soybean varieties tend 
to shatter their seeds readily. Some varieties, however, such as the 
Bilo.xi and Manchu, have been noted that hold their seeds better than 
others. The wild soybean shatters very easily and the Medium Green 
begins to shatter with the fii'st mature pods. Piper and Morse (31), 
in a cross between the Medium Green and a glabrous nonshattering 
variety (F. P. T. No. 22876) from Japan, found the nonshattcring 
character to bo dominant to the shattering character of the Medium 
Green. Nagai (22) found in hybrid progeny of cultivated and wild 
soybeans that the shattering character was dominant to nonshattering, 
the segregation ratio in the F2 being 3 shattering to 1 nonshattering. 

Sterility, Growth Habit 

As early as 1908, Piper and Morse (31) found small dwarflike plants, 
bearing few or no pods, in the diflerent hybrid selections at the Arling- 
ton Experiment Farm. These plants were sterile or nearly so. 
Owen (28) describes a sterile strain in which both ovules and pollen 
grains were nonfunctional. This strain was found in a progeny of 
Manchu soybeans that segregated into 3 normal to 1 sterile, appar- 
ently a single-gene mutation being responsible. 

All soybeans are strictly determinate as to growth, that is, the plants 
reach a definite size according to environment and then mature and 
die. The great majority of varieties are erect and branching with a 
well-defined main stem. The branches may be all short, or the lower 
ones elongated, either spreading or ascending. In other varieties the 
stems and branches, especially the elongated terminals, are more or 
less twining and usually weak, so that the plants are only suberect 
or even procumbent. ^ The latter kind ^ is represented by varieties 
from India and certain Siberian varieties of Olycine gracilis. The 
stem of the wild soybean (G. ussuriensis) is long and twining with 
a procumbent habit. Karasawa (9) in crossing experiments with 
the wild and cultivated soybeans found the Fi hybrid of a twining 
nature. AU of the plants of the F2 and F3 generations were more 
or less twining. 
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SuKD Chauaci-ers 

Co/or of Seed Coat, llifum, and Cotyledon 

Moat varieties of soybeans liavc iinicolored seeds of straw yelKiw, 
olive yellow (Kreenisli yellow), green, brown, or black. In some varie- 
ties straw-yellow seeds are very pale, especially when old, and they are 
sometimes erroneously calleil white, but no truly white seeds are 
known in soybeans. In straw-yellow varieties, the seeds have a green- 
ish tinge if harvested before, tliey are fully mature, which sometimes 
makes it difficult to liistinguish them from varieties whose fully mature 
seeds are greenish yellow. Bieolored seed oeeurs in several varieties 
such as Black Eyebrow, Meyer, Taha, and Kura. The most common 
of the bicolored patterns is green or yellow with a saddle of black or 
brown, the latter not being sharply delineated, f^nie varieties have 
their seeds brindled brown aiul black, the two colors somewhat con- 
centrically arranged. One variety has black seeds faintly marked 
with ininuto brown specks. On lieterozygous plants the seeds are 
often irregularly bi<-olored and in some eases tricolored. Several 
black and a few brown varieties, with the outer layer of the testa 
broken by numerous cracks so as to e.xpose the inner white layer, 
have been introduced from C’hosen. In the case of the black-seeded 
and one or two brown-seeded introductions, this splitting has a net- 
liko appearance that gives the beans a black-and-white or brown-and- 
whito color. 

Individual selections of natural hybrids by Piper and Morse {SI) 
at the Arlington Experiment Farm gave sonic rather interesting re- 
sults in the breaking up of the various seed colors. The selections 
with a single seed color, as straw yellow, black, or brown, broke up in 
simple Mendelian jn-oportions, while those with more than one color 
presented a different ratio in the progeny. 

Nagai {20) makes the following classification of soybeans according 
to color of seed coat; 

(1) Deans producing no antliocyanin pigment in the seed coat. 

(2) Beans producing untliocyaiiin pigment in the seed coat. 

Owen {27) found the following classification of seed-coat color in 
soybeans most useful for the purpose of interpreting Mendelian 
characters: 


fl) Self-color tyi)c. 

(2) Bicolor tyiie. . 

(3) Kyebrow pattern with green or yellow liackground. 

(4) Green or yellow weed coat with dark hUum. 

(5) Green or yellow weed coat with light hilum. 


The genetic relationships of seed-coat colors and the effect of other 
genes on the colors have been studied extensively by Woodworth {66), 
Kagai {22), Owen {27), Terao (45), and Stewart {36) The inheritance 
of seed-coat color in soybeans differs somewhat from that of ouier 
members of the legume family. In soybeans, those seed-coat wlora 
producing no plastid pigments os a rule mask those pr^uemg plastid 
pigment. The black pigment, according to Owen {29), is a very in- 
tense purple belonging to the general class of anthocyai^s The 
brown pipnent is closely related to quercetm, and the green and 
yellow are plastid pigments. 
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According to Woodworth (66), the black and brown pigments are 
genetically independent of green and yellow in inheritance. Black 
13 dominant to brown, and in F 2 a ratio of 3 black to 1 brown is ob- 
tained. Green is dominant over yellow, and in a ratio of 3 green 
to 1 yellow is obtained. When black or brown is crossed with green 
or yellow, the results are influence<I by genes for inhibition of black 
and brown pigments over the seed coat. Owen (27) cites a case of 
incomplete dominance over brown. A natural hybrid was acciden- 
tally found that segregated according to a ratio of 3 black to 1 brown 
in the progeny that was grown, but all heterozygous plants bore seed 
slightly speclded with brown. It is believed that this brown sp^k- 
ling or flecking on tlie black seed coat is different from that qrmbolized 
by Woodworth (see table 2, symbol FI.). 

Varieties of soybeans e.xhibit a wide range of color types in the 
hilum, ranging from a pale-yellow or colorless hUum through various 
shades of brown to black. Two complementary genes for tilack pig- 
ment formation in the seed coat and hilum have been affirmed by 
Nagai (22), Woodworth (66), and Owen (27). The symbols for these 
genes were designated C and L by Nagai, B and H by Woodworth, 
and R and i?a by Owen, the symbolism given by Owen appearing to be 
preferable according to Woodworth (63). In some early expenments 
which led to the suggestion of complementary factors for black lulum, 
Woodworth (65) obtauied, in a cross between a strain with a black 
hilum and a strain with colorless hilum, black- and brown-hilum 
plants in the ratio of 9:7. He pointed out, however, that the ratio 
probably was 9 black : 6 brown : I colorless, because, on account of 
mottling of the seed coat, the plants having seed with brown hilums 
could not be easily distinguished from plants having seed with color- 
less hilums, and consequently they were classed together. Nagai 
(22) found in a cross between a plant having seed with a light-brown 
hilum and a plant having seed with a dark^rown hilum that the Fi 

S lants have slightly brownish seed and the Fj may be dark brown, 
rown, and hght brown in a 1:2:1 ratio. Woodworth (63), in crosses 
with parents of dark-brown hilum and light-brown hilum, found that 
the difference in the intensity of hilum color is due to the genes Tj t, for 
tawny v. gray pubescence. Plants with T have dark-brown hilums, 
and plants with t have light-brown hilums. The genes for purple and 
white flowers (WjMJj) have also been found to mfluence black and 
brown seed coat or hUum colors. 

The cotyledons in the soybean are of two colors, yellow and green. 
When young the cotyledons are green, but in moat varieties they 
turn to yellow towanl maturity, while some varieties retain the 
original green. The behavior of the green and yellow cotyledons in 
natural and artiflcial hybrids has given some very interesting results. 
In 1909 Piper and Morse (31) noted in hybrid selection work that, 
with many plants having straw-colored to greenish-yellow seeds, seeds 
with green cotyledons and seeds with yellow cotyledons occurred on 
the same plant and sometimes in the same pod. These plants pro- 
duced three kinds of progeny — those bearing only yellow-cotyledon 
seeds, those bearing only green-cotyledon seeds, and those bearing 
both kinds. The ratio was approximately 1:1:2, respectively, indi- 
cating that yellow was a simple Mendelian dominant to green. This 
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segregation in cotyledon color has been confirmed by Woodworth (5S), 
who found evidence for two (duplicate) genes for yellow cotyledon. 
Terao (4S) found in crosses that the cotyledon color of the hybrid 
progeny was the same as that of the female parent in eveiy case and 
that there was no evidence of segregation in succeeding generations, 
mdicating that cotyledon color in soybeans is maternal in Inheritance. 
Maternal inheritance of cotyleilon color in the soybean has been 
substantiated by Piper and Morse (SI) and by Owen ( 24 ). 

At least two_ kinds of transmission of the colors of the cotyledon are 
known. One is transmission through the maternal plant — that is, if 
the female parent is yellow the cotyledon of Fi becomes yellow, and 
if it is green F 1 shows green cotyledons. Terao (43) suggests that there 
are two factors, G and Y, representing chlorophyll in two cotyledon 
colors. 6 is the one that always remains green and Y is the one that 
changes to yellow. In the other case of the inheritance of the coty- 
ledon color, a simple Mendclian ratio has been obtained in Fj in which 
yellow- and green-cotyledon seeds occur in a 3: 1 or 15: 1 ratio according 
as the parents differ by one or more genes. 

Other Seed Characters 

Defective or cracked seed coats have been observed by several 
investigators in black-, brown-, and yellow-scedeil varieties and rarely 
in those having green seed. In some yellow and grqen seeds mottled 
with brown, the defects, or cracking, are found to occur mostly in 
brown areas. The character is uiulesirable, for in the defective or 
cracked areas the very thin inner coat cannot furnish the protection 
against unfavorable weather and disease organisms that is afforded 
normal soybeans in which the seed coat completely covers the seed. 
Stewart and Wentz (S7), in a cross between the Wisconsin Black and 
Mandarin varieties, obtained in the F2 51 normal to 5 defective or 
cracked, suggesting a 15:1 ratio. Nagai (22), in a cross between 
plants with normal and defective seed coats, found the defective or 
cracking character to be partially dominant. In F2 a largo number 
of individuals were produced showing different degrees of cracking, a 
rough estimate giving a ratio of 9 defective or cracked to 7 normal. 

Nearly all varieties of soybeans have a comparatively smooth seed 
coat but differ more or less in the degree of smoothness. In some 
varieties the seed coat is rather dull in appearance, while in others it is 
bright and glossy. In the variety Sooty, soine black and brown 
Siberian vaneties of Glycine gracilis, and the wild soybean there is 
a distinct bloom covering the entire seed coat. The bloom can easily 
be scraped off, exposing the coniparativelv smooth seed coat under- 
neath. In a cross between the Sooty and Manchu varieties. Wood- 
worth (63) obtained a 3: 1 ratio in the F^ generation, while in another 
cross a 27:37 ratio was found in the Fj. In interpreting these ratios, 
he assumes that three genes, B„ Bj, aiul Bg, are involved and that all 
three must be present together to manifest the bloom. If any one of 
these genes is not present, the character does not develop. 

The range in size of soybean seed varies according to the variety, 
each variety having its own typical seed size. Vaneties and mtroduc- 
tions tested at the Arlington Experiment Farm ranged in ave^e 
weight of 100 seeds from about 4 grams for the smallest to about 

138904*— 37 75 
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40 j^ams for the largest. Although seed size is mentioned in numerous 
published descriptions of soybean varieties, Nagai (22) and Takagi (39) 
are apparently the only investigators who have made studies of the 
inheritance of this character, the same results being obtained by both. 
In a cross of small seed (100 8eeda=10.2 ^ams)Xla^e seed (100 
seeds=25.5 ^rams) Nagai obtained from the Fj generation seed inter- 
mediate in size (100 sccd3=14.2 grams). The segregation in the F 2 
plants gave a wide range of variation between the seed sizes of the 
parent. Nagai states that it is very difficult to find plants bearing 
seeds of the same size as those of the larger plant and believes that 
many factors are involved in the inheritance of size of seed. 

A considerable mottling of the seed of many yellow- and green- 
seeded varieties occupied the attention of plant breeders more tlian a 
decade ago. This mottling consisted of patches, blotches, or bands 
of black or brown pigment, irregular in outline and extent, super- 
imposed on a ground color of yellow or green. Seeds with black hilums 
ivere mottled with black, and seeds with brown or colorless hilums 
were mottled with brown. In 1924 Woodworth and Cole {66) de- 
scribed the character and believed the cause to be physiological 
rather than genetical. After further studies, Woodworth states that 
the problem of mottling has some genetic aspects and also that a 
strain may be developed by selection that lacks the objectionable 
feature of mottling e^ibited by the original variety. This is sub- 
stantiated by selection of nonmottling plants from the Dixie variety, 
resulting in a pure yellow-seeded strain. Owen {26) concluded after 
an extensive investigation of this subject that mottling is due both to 
hereditary and environmental factors. In artificial hybrids the pu- 
bescence color was found in one instance to influence the extent of 
mottling, tawny pubescence increasing it, gray pubescence decreasing 
it. Owen, however, could not designate any particular factor as 
being the most important in causing mottling. The problem had 
certain genetic aspects, but the environmental effects were also quite 
evident. In recent years, mottling has not appeared to any ^eat 
extent and it has been suggested that perhaps the wider use of varieties 
not subject to mottling has been an important factor. 

YiddofSeed 

In considering the most desirable character in varieties of soybeans, 
the most valuable single desideratum, as with other crops, is high 
yield of seed. Other characters of course are important, such as habit 
of growth, seed quality, color of seed, ease of shattering, etc., but 
extensive tests are being conducted at experiment stations in States 
where soybeans are an important crop to determine the best yielding 
varieties. 

From the standpoint of inheritance, seed yield is a very complex 
character. The amount of seed produced is determined by heredity 
and environment (soil fertility, soil type, method of culture, and 
seasonal conditions). Woodworth {63), in studies of the yield charac- 
ter, has analyzed yield of seed into its component parts — number of 
nodes, number of pods per node, number of seeds per pod, percentage 
of abortive seed, and size of seed — and attempt^ to evaluate each 
variety studied with respect to these components. The general 
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situation was that any particular variety was found to rank well in 
one or more components and low or medium in others. No variety 
was found to rank highest in all. The conclusion reached was that 
tlie method of cross-breeding that has for its object the production of 
types with all yieltl components e.xpr^sod to a higher degree than in 
the parents appears to be a promising method of breeding for in- 
creased seed yield in the soybean. 

Diseask Resistance 

Although the soybean is attacked by a number of bacterial and 
fungus diseases, none of which reach serious proportions in oriental 
countries, no one disease as yet has caused serious injury to the crop 
in the United States. As cultivation continues, however, diseases 
undoubtedly will increase and assume more serious proportions. 
Breeding for disease resistance, therefore, may become an important 
factor in the improvement of the soybean. Studies of the various 
diseases of the soybean already found in this country indicate that 
varieties differ markeilly in relative resistance to certain bacterial and 
fungus diseases. 

Woodworth and Brown (66), in studies on varietal resistance and 
susceptibility to bacterial blight {Baderivm ghjemeurn Coerper), 
foimd that held e.\pcriments indicated that soybean varieties vary 
greatly in their relative su.sceptibility to the bacterial blight. Of 48 
varieties studied, about half were completely resistant, and the other 
half ranged from complete susceptibility to partial resistance. 

A bacterial blight (Bactenum mjae Wolf) of soybeans was found on 
a number of varieties in North Carolina by Wolf {52). Studies failed 
to disclose any evidence of varietal resistance or susceptibility in any 
of the varieties. 

Lehman and Woodside {16) made a very o.xtensive study on resist- 
ance anti susceptibility of soybean varieties to the bacterial pustule 
disease {Bacterinm yhaseoH sojenne Hedges). After held observations 
and inoculations in greenhouse plantings, they were able to classify 
56 varieties with respect to their resistance and susceptibility to the 
disease. 

Extensive studies and experiments have been made on the inosaic 
disease of soybeans by Kendrick and tJardner {13). Results indicated 
quite clearly that varieties differ greatly in relative resistance and 
susceptibility. 

“Brown spot” {Septoria glycines Heniini), a fungus disease attacking 
the foliage of the soybean, has been studieil by Wolf and Lehman {63), 
who noted differences among soybean varieties in relative resistance 
and susceptibility. . 

Another fungus disease, fusarium blight {Fusanum bvll»yenumys.&. 
and Mass. var. tracheiphUum (E. F. Sm.) Wr.), was observed m North 
Carolina by Cromwell {3). In extensive variety teste, all vaneties 
were found susceptible with the exception of the Black Eyebrow, 
which in two teste showed considerable resistance. , * * 

Lehman (16), in a study of another disease, frogeye leaf spot 
(Cercospora daizu Miura), attacking the foliage of the soybean, found 
that the early-maturing varieties m a certain group escaped senous 
injury while the late-maturing sorts suffered most. 
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lOEIVTIFICATIOIV OF CeNES AND CHROMOSOMES 

Sevefal synonymic difficulties were encountered in establishine the 
identity of genes that different investigators have studied and desig- 
nated differently. In cooperation with Woodworth and Williams, of 
the Illinois Agricultural Experiment Station, literature on the genetics 
of the soybean was reviewed thoroughly as to the genes of the soy- 
bean, and symbols were designated for each by the various geneticists. 
Liberty was taken in some cases to assifpi symbols to genes that have 
been studied but not named and certain symbols have been changed 
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Figure 10 . — Chromosome chart showing four groups of linked genes in soybeans. 
(Courtesy of C. M. Woodworth and L. F. Williams, Illinois Agririilliiral Experiment 
Slat ion.) 

(Woodworth, 63) in order to bring them into line with current usage. 
Every effort has been made to make the list given in table 2 of tlie 
appendix as complete as possible, and it is hoped that the list given 
here will help to establisn greater conformity in the designation of 
soybean genes in the future. 

According to counts made by Karpetschenko, Kawami, Fukuda 
(Karasawa, 9), and Veatch U8), the chromosome number in soybeans 
is given as 20 for the haploid and 40 for the diploid condition. The 
same number, has also been counted in the wild soybean by Tschechow 
and Kartaschowa (46), as well as Fukuda {6). In Fi hybrids between 
the wild and cultivated species of soybeans, Karasawa (5) found the 
same somatic chromosome number as in the parents. No abnormali- 
ties were found in the pollen mother cell in the course of sporogenesis, 
and the pollen therefrom was normal. Moreover, the fertility of the 
Fi and its progeny was quite normal, indicating that the two species 
contain on the whole the same kind of genom. 

Linkage studies in the soybean have not been very extensive, due 
lai^ely, perhaps, to the difficulty of making artificial crosses. Wood- 
worth, Nagai and Saito, Owen, and Stewart and Wentz have been the 
chief contributors to our meager knowledge of the association of genes 
in inheritance in the soybean. In table 3 of the appendix are shown 
the linkage groups reported up to the present time. 

A provisional chromosome map of soybeans showing linkage rela- 
tions of a few factors is given in figure 10. In chromosome 1, the gene 
order may not be as represented, since E and Da have not been studied 
together. In chromosomes 3 and 4, the order may be as represented 
or reversed. 
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APPENDIX 

Workers Identifier With Soybean Improvement 


United States 


United States Department of Agriculture, Bureau of Plant Industry, Division of 
Forage Crops and Diseases. 

W. J. Morse, Washington, D. C 

W. M. Stuart, Jr., and C. H. Binkley, Arlington Experiment Farm, Arling- 
ton, Va. 

J. L. Cartter, Urbana, 111. 

M. G. Weiss, Ames, Iowa. 

J. L. Stephens, Tifton, Ga. 

T. F. Akers, West Point, Miss. 

R. E. Stitt, Statesville, N. C. 

H. A. Schoth, Corvallis, Greg. 

State agricultural experiment stations: 

Alabama, Auburn: H. B. Tisdale. 

Arkansas, Fayetteville; C. K. McClelland. Stuttgart; G. 11. Batiks. 
California, Berkeley: W. W. Mackie. 

Colorado, Fort Collins; D. W. Robertson, A. Kczer. 

Delaware, Newark; G. L. Schuster. 

Florida, Gainesville: G. E. Ritchey. Belle Glade A. Daane. Quincy: 
J. D. Warner. 

Georgia, Athens: J. R. Fain. Experiment- R. P. Bledsoe. 

Illinois, Urbana- C. M. Woodworth, W. L. Burlison, J. C. Hackleman, U. F. 
Williams. 

Indiana, La Fayette: G. H. Cutler, R. R. Miilvey, K. E. Beeson, A. H. 
Probst. 


Iowa, Ames: H. D. Hughes, J. B. Wentz. 
Kansas, Manhattan: J. W. Zahnley. 
Kentucky, Lexington; E. J. Kinney. 
Louisiana, Baton Rouge: J. P. Gray. 


Minnesota, St. Paul; A. C. Arny, W. M. Myers. 

Mississippi, State College: W. K. Perkins, J. F. O’Kelly. Stoneville: H. A. 

York. Poplarville: J. C. Robert. 

Missouri, Columbia: W. C. Etheridge, C. A. Helm, B. M. King. 

New Hampshire, Durham: F. S. Prince. 

New Jersey, New Brunswick: H. B. Sprague. 

New York, Ithaca: R. G. Wiggans. 

North Carolina, Raleigh: C. B. Williams, R. L. Lovvorn. 

North Dakota, Fargo; A. F. Yeager. 

Ohio, Columbus: J. B. Park, P. Preston. Wooster: L. E. Thatcher. 
Oklahoma, Stillwater: B. F. Kiltz. 

Pennsylvania, State College: C. F. Noll, C. E. Myers. 
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South Carolina, Florence: E. E. Hall. 

TenncBsec, Knoxville: H. P. Ogden. 

Texas, College Station: E. B. i^ynolds. 

Virginia, Blacksburg: M. 8. Kipps. Williamsburg: R. P. Cocke. 

West Virginia, Morgantown: J. A. Rigney. 

Wisconsin, Green Bay: E. J. Delwiche. Madison: G. M. Briggs, B. D. 
Leith. 


Foreign Countries 

Australia: 

Department of Agriculture, New South Wales: 

Glenn innes: S. L. Macindoe. 

Traftor: W. II. Darragh. 

Richmond: N. S. Shirlow. 

Sydney: H. Wenholz. 

Canada: 

Central Experimental Farm, Ottawa: F. Dimmock. 

Dominion Experiment Station, Harrow: C. W. Owen. 

Agricultural College, Guelph; O. McConkey. 

England: 

Royal Botanic Gardens, London; J. L. North. 

Germany; 

Kaiser Wilhelm Institute, Mandiberg. W. Rudorf. 

Sudd. Soya-Institut, Miinchen; K. Baiimeister. 

Soya-Institut, Mannheim: L. Muller. 

Japan: 

Imperial Agricultural Experiment Station, Tokyo: H. Terao. 

Hokkaido Imperial Agricultural Experiment Station, Kotoni. V. Fiiiine, 
T. Hoshino. 

Saitama Agricultural E.x|)criment Station, Ageo; T. Hasegawa. 

Central Agricultural Experiment Station, Suigen (Chosen); J, Nagai. 
Central Agricultural Exjjeriment Branch Station, Shariin (Chosen): Y. 
Takahashi. 

Akita Agricultural Experiment Station, Akita: K. Adachi. 

Manchuria: 

South Manchuria Railway Agricultural Experiment Stations: 

Kungchuiing; Y. Nakamoto, S Tsuda, M. Ishikawa, K. Adachi. 
Hsiungyocheng; K. Hisatake 
Kaiyuan: 8. Kofuku. 





YEARBOOK, 1937 

Tablb 2. — List of genes in soybeans — Continued 


Domiaant-reoessive characters 


iShed^ 


Dark-colored or black pods; 1, light-colored pods 

Kesponsible fur black mottllnK on a self-brown seed coat, 

m, no mottling 

Normal hilum such as is found in most soybean varieties; 

n, abnormal hilum such as Is found in Soysota variety. 

Broad leaflet of most varieties, no, narrow leaflet 

Inhibition of pubescence, causing glabronsneas, p,, no 
inhibition. 

Pubescence: pi. no pubescence _ . 

Multiple allelomorphio series for seed-coat color 

R, complementary with Ri for black seed coat or hilum 
ri. Complementary with Ri for brown seed coat or 
hilum, recessive to R, 

ri*. reddish-brown seed coat; recessive to Ri and r 
Complementary with R| for black seed coat or hilum, 
ri, complementary with Ri and tCi for buff coat or hilum , 
ri, Ri, and H'l, Imperfect black 
Tall, late-maturing type; a, stocky, early-maturing type. 
Nonshattering of F P I 22870. dominant to shattering of 
Medium Qreen, ih, shattering of Medium Dreen 
Shattering of wild soybean, dominant to nonshattering of 
Kuradaisu, ahj, nonsbatterlng of Kuradalsu 
Spreading or fan-shaiie habit of growth; sp, erect compact 
habit of growth 

Normal production of seed: a, sterility... 

Tawny or brown pubescence color, t, gray pubescence 
color 

Normal chlorophyll development, t>i, variegation 

Colored flowers, wi, white Bowers 

Complementary with fPi for purple flower color; tci with 
gives purplish-blue flowers, tci with Wt or wi, white 

Extra leaflets in compound leaf, x, normal number, three.. 
Normal green plant; gi, greenish-yellow leaves; weak 
plant 

Complementary for green plant, it It, leaves turn yellow 
as plant grows; vigor fair 

Normal green plant, gi, yellowish leaves, mutant found 
in Wllson-V. 

Normal green plant; ft, yellow-green leoves; mutant found 
In F PI. 65388, ^ant low in vigor 
Normal green plant, y«, pale-green leaves, mutant found 
In Rokusun variety 

Normal green plant; it, leaves, stem, and pods become 
yellow as plant develops Mutant found in Fuji 
Normal green plant, it, yellow-green leaves In young 
plant, becoming green as plant develops. 


Woodworth- 

Nagal and Baito 

Owen 

Takahashl and Fu- 
kuyama. 

Nagal and Salto 

Stewart and Weniz. 
Nagal 

Owen 

Wooilworth 

Piper and Morse 

Nagai 

do 

Piper and Morse. . 

Woodworth 

Piper and Morse. . . 
Tiikahashi and Fu- 
kuyama 

Nagai 

do 

do 

Woodworth 

do 

do 

Womiwortli 


Table 3 . — Linkage of soybean characters 
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CLOVER IMPROVEMENT 


A. J. PIETERS, Principal Agronomist, 
E. A. HOLLOWELL, Senior Agrono- 
mist, Division of Forage Crops and 
Diseases, Bureau of Plant Industry 


Throughout the world clover has been repeatedly refe^ed to as 
the keystone of a permanent agriculture. Its mtroduction into agri- 
cultural use in the sixteenth century profoundly affected the entire 

? '8tem on which the old agriculture was based. As ea^ as 1663, 
arranton wrote, in The Great Improvement of Lands by Clover, “for 
I perceive the land doth receive wonderful advantage by these leaves 
and branches; and as the leaves and branches, so the root doth very 
much contribute towards the enriching of the land.” The improve- 
ment noted by Yarranton has been obaer\'ed in every generation suice 
that time, and to this has been added an increasing appreciation of 
clover as forage. Red clover, especially, is today the most widely 
adapted dual-purpose crop available to the farmer of the humid parts 
of the United States. Even older is the belief in clover as a lucky plant. 
Systematic attempts at improvement, however, are of recent orijpn. 

Marry plants have been called clovers, probably because of a simi- 
larity in usefulness and appearance to the true clover; but the true 
clovers and the sweetclovers only will be considered herein. 

The true clovers belong to the genus Trifolium, of which there are 
some 250 described species of annual, biennial, and perennial fonns 
that are widely distributed. In nearly every contment there are 
found indigenous species that occur only m that continent. In general 
they inhabit cool, moist regions or their growth is confined to the 
season of the year when cool climatic contutions prevail. Only four 
^cies — red {Trifolium prateme L.), alsike (T. hybridum L.), white 
(T. repena L.), and crimson (T. incamatum L.) — are of primaiy im- 
portance and widely used, although several others are minor agricul- 
tural plants, in some cases of great importance locally. 

Though recently considered a weed, sweetclover has had a phe- 
nomenal rise to the position of a forage crop of major importance in 
the United States. As an immigrant, it established itself along road- 
sides and railroad beds before its value was recognized. Sweetclover 
is now widely distributed over the world, but its native habitat ap- 
pears to be in Asia Minor. Twenty species of sweetclover are recog- 
nized by Engler and Prantl. Three species — MelUotua alba Dear., M. 
officinalis Lam., and M. indica All. — are of importance in agriculture. 

RED CLOVER 

Of the true clovers, red clover {Trifolium pratense) is by far the most 
important. In the wild state it ranges over most of Europe and far 
into Siberia. The plant was known to be generally cultivated in the 
1190 
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Netherlands 370 yeara ago, and it is possible that there may have been 
a much older clover culture among the ancient Letts, 

Natural Development 

In the wild, red clover is an extremely variable plant. There ore 
known to be early, late, smooth, hairy, prostrate, erect, and semierect 
forms. These forms can be found today, and it seems probable that 
one of them was the ancestor of the clover first used in agriculture, 
which was substantially like the doublc-cut clover of Europe today. 
The many varieties that have developed since the introduction of red 
clover into England in 1645 have resulted from the action of local 
conditions rather than conscious selection by man. Many such more 
or less local forms still exist, but they differ physiologically rather 
than morjiholomcally ; that is, they differ in resistance to cold and 
disease or in yielding ability rather than in characters that can readily 
bo distinguished by the eye. In the Netherlands, however, a variety 
occurs, know*n as Maas, that is characterized by the almost total 
absence of the crescent-shaped white spot on the leaflets; and the 
character of rough hairiness readily distinguishes the American clover 
from its European progenitor. 

Nothing is definitely known regarding the origin of red clover now 
common in North America. It is known that red clover was grown 
in Rhode Island in 1663 and that in later yearn there was a constant 
importation of seed from England. The American red clover is there- 
fore certainly descended from the cultivated red clover of England, 
which in turn was introduced from Flanders. Just how the American 
form developed its characteristic hairiness is not known, but it has 
been surmised that it may have been because of the continued attacks 


IN 1928 the United Stales Department of Agriculture, through the 
cooperation of the State agricultural experiment stations, began a 
thorou^ search for red-clover stocks that had been grotvn continu- 
ously on the same farms or in the same communities for periods of 
10 years or more without the introduction of seed from outside 
sources. These were planted in small observation plots and used 
as a basis for determining regional needs in red-dover-breeding 
programs for the humid Eastern Slates. It turned out that in the 
soiUhem region red clover must he especially resistant to anthrac- 
nose; in the central region it must be both winter-hardy and disease- 
resistant; in the Twrthem region it must be able to withstand a long 
period of winter dormancy; and in all regions resistance to powdery 
mildew is of varying importance. Erring work based on these 
needs is now in progress, and some superior strains have already 
been introduced or are well advanced. 
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of leafhoppers, which are common on clover and which prevent seed 
production in the smooth more than in tlie hairy plants. The English 
clover contains a certain percentage of hairy plants that, on this 
theory, would persist and hence gradually develop a hairy form (fig. 1). 



Figure 1 , — Stems of Italian red clover (A), American (li), and English broad red (O, 
showing the hairiness of American, believed to liavc been derived from the English 
by natural selection. 

Classes of Cultivated Red Clover 
In both Europe and North America the cultivated red clovers fall 
into two classes — (1) early, or double-cut, these giving two hay crops 
m a season; and (2) late, or single-cut, these giving but one hay crop 
in a season; and in most cases two or more forms are known in each 
class. Such forms are more numerous in the double-cuts than in the 
single-cuts and with a few^ exceptions are local or regional, rather 
than true varieties. Thus, in England, among double-cut clovers are 
the English Broad Red, Dorsett Marl, and Vale of Clwyd Early; 
among the single-cut clovers, Montgomery, Cornish Marl, English 
Late, and Vale of Clwyd Late. In the countries of continental Europe 
also, several regional varieties occur, distinguished by the name of 
the countiy or local area where the seed is produced, as Silesian, 
Hungarian, French, Italian, Swedish. Claims of superiority are made 
for all of these regional strains, and the evidence of comparative trials 
shows that in most cases each such regional variety is superior to 
others in the environment where it was developed. Some varieties. 
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as the Mattenklee of Switzerland^ are reported by investigators to 
be especially distinguished by persistence. 

These strains have not arisen as a result of conscious efforts toward 
unprovoment of clover, but are rather the products of different en- 
vironments acting on a highly variable plant. It seems probable also 
that in some cases, as in England, natural crossing with the native 
wild red clover may have affected the progeny of the cultivated form 
first introduced from the low countries. 

In North America r^ional strains are present as they are in Europe 
and differ in productivity, winter hardiness, and disease resistance. 
In the main, again, such characteristics have developed as a result 
of the action of local environments. In many States these strains 
have been grown continuously for 15 to 40 years without being mixed 
with other seed and have in many cases proved themselves decidedly 
superior. It must not be thought, however, that just because seed 
was_ grown in a certain State it has taken on a special character. 
A given lot of seed may represent one generation or many, and the 
trade names “Ohio”, “Michigan”, etc., have little significance. 

Improvement Work in the United States 

Definite attempts at the improvement of clovers are of relatively 
recent origin. In the Unitoa States studies looking toward the 
selection of a superior red clover have, at one time or another, been 
started At several State agricultural experiment stations, but, with 
the exception of the Tennessee anthracnose-resistant strain, such 
work has never been brought to fruition. The Kentucky station 
has found a superior strain that is called Kentucky 101, but it did 
not result from conscious selection but rather is an old stock grown 
for many years under the same environmental conditions. Similar 
valuable stocks exist in other States and can doubtless be made the 
basis for future breeding work. 

In 1906 the Tennessee Agricultural Experiment Station selected a 
red clover resistant to the attacks of the fungus Colletotri-chum tri- 
folii S. M. Bain (fig. 2). Here again the form arose through the 
elimination of susceptible plants — man aided by seizing the oppor- 
tunity to preserve a character brought out by the environment. 
The same process of selection, with perhaps less conscious human 
aid, has probably taken place elsewhere, since lines of long standii^, 
highly resistant to this disease, are found in Kentucky and Virginia. 

In 1928 the United States Department of Agricidture, through the 
cooperation of the State agricidtural experiment stations, b^an a 
thorough search for red clover stocks that had been grown con- 
tinuously on the same farms or in the same communities for periods 
of 10 years or more without the introduction of seed from outside 
sources. Approximately 75 strains or lots were secured, many of 
which had been grown for a continuous period of 40 3 rear 8 . Th^e 
were planted in small observation plots, in cooperation with the 
Kentucky, Ohio, and Iowa Agricultural Expenment Stetions. As a 
result of these studios and previous observations on the adaptetion 
of foreign and regional strains of red clover, three regions of adapta- 
tion h^e been recognized in the humid eastern part of the United 
States, namely, the southern, central, and northern. 

188904*— 37 70 
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The chief limiting factor to which the plants must become adapted 
in the southern region is disease, such as that caused by southern 
anthracnose {Colletotrichum trifolii). In addition the plants must be 
able to survive frequent great changes of temperature during the 
winter months, and high summer temperatures. This southern 
region is composed of tlie States of Tennessee, Kentucky, and Mary- 



Figure 2 . — Strains of red clover resistant and susceptible to southern anthracnose, 
caused by Colletotrichum tri/olii: A, Tennessee anthracnose-resistant strain; B, Italian 
red clover. Arlington Experiment Farm, Arlington, Va. 

land; the piedmont area of North Carolina and Virginia; parts of 
New Jersey; the southern parts of Ohio, Indiana, and Illinois; and a 
section of Missouri. 

The central region includes the territory north of the southern 
region to approximately the latitude of the Illinois-Wisconsin bound- 
ary. Red clover adapted to this region must bo disease-resistant 
and winter-hardy, since low temperatures with little snow protection 
are often met. 

The northern region extends from the Wisconsin-Illinois line to the 
Canadian border. In this region no serious diseases are encountered, 
but the plants must be capable of tolerating a long period of dormancy, 
which at times may be accompanied by very low temperatures. 

Throughout the three r^ons attacks of the powdery mildew 
fungus (Erysiphe polygoni DC.) and the potato leafhopper {Empoasca 
Jabae Harr.) occur regularly with fluctuating intensity. In general 
the injuiy produced by the clover root borer {Ilylastinua ooacunis 
Mamham) is one of the principal causes of red clover killing-out 
during the second winter. In each of these regions the severity of 
the adverse factors varies from season to season and according to 
location. 

After several years of study of the old strains in the central region 
of the red clover belt, superior strains were selected as a basis for 
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bree^g studio, ^veral hundred plants of each of 10 strains were 
stuped, and it is of interest that the percentage of superior plants 
in these strains ranged from 22 to 58, indicatmg the need of im- 
provement. 

In cooperatmn with the Kentucky station, seed of Tennessee 
anthracnose-resistant and Kentucky 101, two superior strains, was 
planted under controlled conditions, and the plants were artificially 


r.*' ■■>*, ^ v'^' 

i-* j, . 



Figure 3 . — Resiatancc of red clover to the powdery mildew diaeaRe, caused by Erysiphe 
/mlygoni: a. Seedling plants from commercial se^, covered with mildew; 6, sMdling 
plants from mildew-resistant lines. University of Wisconsin, Madison, Wis., 1935. 

inoculated with spores of southern anthracnose (CoUetotrichum trijolii). 
In these tests the percentage of resistant plants of Kentucky 101 and 
of Tennessee anthracnose-resistant were, in 1925, 57 and 41, re^ec- 
tiveljy', while only 10 percent of the plants of an old strain from Wis- 
consm remained alive. 

In cooperation with the Wisconsin station, studies are in progress 
to develop lines resistant to powdery mildew {Erysiphe polygoni). 
^veral lines have been developed that are resistant to two physiologic 
forms of the fungus (fig. 3). Both self-fertile and self-stenle mildew- 
resistant lines have been developed, but all of these are lacking in 
vigor and require further selection and hybridization. 
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Investigations on the improvement of red clover are in progress at 
the Minnesota, Pennsylvania, Tennessee, Indiana, New Jersey, and 
Idaho stations, and at the Kentucky, Wisconsin, and Illinois stations 
in cooperation with the United States Department of Agriculture. 

Improvement Work Outside the United States 

Attempts to develop improved dovers are being made in nearly 
every country in Europe and also in Australia and New Zealand. 

In Canada two double-cut forms and two single-cuts are the result 
of deliberate selection. The Ottawa selection, the result of a mass 
selection process begun by the late M. O. Malte and carried forward 
for many years by the late R. I. Hamilton, is claimed to be of superior 
winter hardiness and is now coming into general use in Ottawa. An 
early or double-cut strain, called the Dollard, of superior winter 
hardiness, has been produced by J. N. Bird at MacDonald College, 
Quebec. 

The Altaswede red clover, selected by G. H. Cutler from a Swedish 
strain, is said to be widely used in Alberta, but being a smooth clover 
it is not satisfactory for use in the eastern United States. The Man- 
hardy, another smooth strain of single-cut, was selected at the 
Manitoba Agricultural College by W. Soutbworth out of various 
escaped and cultivated lines and is believed by Canadian authorities 
to be the hardiest strain of red clover in Canada. 

In England the firm of Sutton & Sons selected a clover the seed of 
which was pure yellow instead of purple or yellow and purple. The 
stock came from yellow seed picked out of Chilean red clover. The 
effort to place the variety on the market was abandoned, however, 
since it was found impossible to prevent crossing in the field, and tlie 
purple color again appeared in the seed. 

The firm of Cartons, Ltd., in England, began development work ns 
early as 1890, but nothing of value has resulted from these efforts 
nor from the efforts of other private workers. Since the establish- 
ment of the Welsh Plant Breeding Station, systematic work has been 
undertaken on the study of red clover. Breeding of red clover under 
the direction of R. D. Williams has been important. So far one im- 
proved variety, S-123, has been offered to the public. This was 
released in 1936 and is believed to be useful for 2- and 3-year meadows. 
The following strains, built up through crossing various lines, are being 
tested but have not been released: S-87, S-106, S-110, and S-141. 

Work of a similar kind has been undertaken in the Irish Free State, 
but results are not yet available. In New South Wales, Australia, 
an effort is being made to select a more persistent type out of a local 
strain known as Santhia. In New Zealand a strain known as Runci- 
man’s red clover is said to be truly perennial and of great value in 
pastures. 

Martinet, and later Lindhard, tried to produce a variety with a 
short tube or corolla. Lindhard (1921) claimed that honeybees 
visited this variety freely and that it produced seed abimdantly. 

In Denmark various selected strains have been introduced as being 
more valuable than the local parent stocks. These are Qtofte early, 
semilate, and late. The Qtofte late was selected from a local strain 
of red clover. The strain called Ptofte semilate was bred from 
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Hersnap, another improved late clover used in Denmark. There is 
also TVstofte 40, a late form, and others. 

In Germany various attempts have been made at improvement, 
notably at Bonn-Poppelsdorf, but no record has been found regard- 
ing results. Among private breeders was A. Dreger, who commenced 
his ^ work in 1908 and produced violet-seeded and yellow-seeded 
varieties. According to Nessler (1931.) the only bred clover in use 
in Germany is Original Lembke’s red clover. This is an early red 
clover developed by Lembke in Wismar. 

In Sweden such local strains as Norrum, for dry conditions; Karaby, 
produced by L. Karaby; and Mardal, said to be resistant to Sclero- 
Hnia, have become lo- 
cally established. The standard 

experiment stations 
have also introduced 

Svalof Purebred red jV ^ fiuanent “i 

clover, produced by H. \ 

Witte, and Mercur red 

clover, produced by N. | wind 

Sylven, both of tliese ***"'' ' ^ stanens 

strains being valued for 4.-Longil«^nal section of a red clover flower, 

yield and resista^e to ghowing how anthers and style He in the keel. (From 
tiClerohnm and i ylen- .Stehler and Schrotcr, The Best Forage Plants, pi. 24, 
chus. Mercur was de- fig. 2.) 

veloped by mass selec- 
tion from a local strain called Spannard. Weibwell’s Smaragd, out of 
a Finnish local strain, and Gota Red, out of middle Swedish strains, 
are also in use. The improvement work in Sweden has been carried 
on by mass selection following intercrossing of various Swedish strains, 
or by mass selection out of a single strain. 

F. Chmelar, of Bmo, in correspondence, advises that original 
Dregers, out of Bohemian stock, and Mattenkleo Rekord, selected 
W K. Holy out of Swiss Mattenklee, are bred varieties grown in 
Czechoslovakia. 

In the Union of Soviet Socialist Republics special attention has 
been paid to native strains of wild red clover. These wild strains 
’are said to vary in earliness, winter hardiness, production of after- 
math, leafiness, and resistance to disease. The opinion is held by 
Lissitzyn and certain other Russian workers that these wild red 
clover strains rather than selections from existing cultivated forms 
should be made the basis of improvement. 

Fertility and Pollination Relationships 

Red clover heads are composed of from 50 to 150 florets, which in 
themselves are complete units of reproduction. The florets develim 
and open in an ascending order from the base to the top of the head. 
The pistil is usually curved, the stigma extending beyond the anthers. 


ovary of red clover nas iwo ovuies, oub uuruiany uovoiupiug upuu 
fertilization and the other aborting. Plants have been found with 
a hig h percentage of pods having two seeds. 
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The anthers shed their pollen in the biid stiigo shortly before the 
floret or individual flower of the head opens. At this stage the 
pollen does not scatter freely. After the floret is open the stamens 
and pistil remain in the keel, and the pistil becomes exposed only 
after the floret is tripped. When the pressure causing the tripping 
is released, the staiucns and pistil return to the keel unless the floret 
is rupture<l. Fertilization occurs from 18 to 50 hours after pollina- 
tion, the time depending on the tenipcrature. When the atmosphcric 
temperature is high, fertilization 
occurs much earlier than when it 
is cool. The degree of success of 
pollination can be approximately 
determined 2 to 3 days after fer- 
tilizatioii. 

Self-sterility in red clover has 
generally been recognized since 
Darwin caged plants to exclude 
bees. The more recent studies of 
Fergus of Kentucky, Kirk in 
Minnesota, and Williams in 
Wales have clearly established 
the fact that nearly all the plants 
are self-sterile. However, lines 
have been established that are 
homozygous or pure for self-fer- 
tility, and Johnson in Minnesota 
has mbred one line for nine genera- 
tions without materially decreas- 
ing the self-fertility. One of Fer- 
gus’ self-fertile lines maintained 
its self-fertility for six generations, 
after which the line was lost. 

Self-sterility in red clover is 
due to the slow growth of the 
pollen tube in the style, the ovules disintegrating before the generative 
nucleus reaches the egg. Recent investigations by Williams (fig. 5) _ 
in Wales indicate that this phenomenon is controlled by a series of’ 
many sterility alternative genes or allelomorphs. Whenever the 
same sterility factor is present in the pollen anti in the female plant, 
growth of the pollen tube is inhibited. He has also shown that in 
self-fertile lines of red clover the presence of a noninhibitory self- 
fertility factor or gene permits the pollen tube to grow at the same 
rate as it does in the case of pollen from an unrelated plant. 

Self Fertility 

It is true that upon self-fertilization many red clover jilants do 
produce a few seeds, but there is a distinct incompatibility in the 
succeeding progeny and the line cannot be maintained beyond the 
second or third generation. This phenomenon may be called pseudo- 
self'fertility as distinguished from true self-fertility. 

Self-fertilization in red clover is accompanied by a decid^ decrease 
in vigor of the plants. This decrease is most pronounced in the first 



Figure 5. — K. D. Williauis, Welsh Plant 
Breeding Station, Aberystwyth, Wales, who 
has devoted much attention to the subject 
of fertility and sterility of retl clover. 
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and second generation and differs in different lines. Apparently 
Johnson’s inbred line in Minnesota has maintained more vegetative 
and reproductive vigor that any other. 

The number of true self-fertile plants in red clover is relatively 
small. Out of many hundred self-pollinations only a few self-fertile 
lines have been secured, though a lar^e number of pseudo-self-fertile 
lines have been found. In connection with red clover breeding 
studies in the Department of Agriculture, from a spaced population 
of approximately 4,000 plants, 500 superior open-polhnated plants 
were selected; each of these 600 plants was self-polhnated, but not a 
single true self-fertile progeny was obtained. 

Pollination 

The structure of the red clover floret prevents cross-pollination by 
wind, since the anthers and pistil remain enclosed in the keel unless 
artificially tripped (fig. 4). Under natural conditions pollination is 
done by insects, nearly all of which are bees (order Hymenoptera). 
'The bumblebees (Bombtis) and the honeybees {Apis) are the prin- 
cipal pollinators, although at certain times and places bees of other 
genera, such as the ground bees {Tetralonia and Melissodes) and the 
leaf-cutter bees {Megachile), contribute to cross-pollination. 

Bees visit the red clover floret for nectar and pollen or both, tripping 
the florets and transferring pollen from plant to plant, thus constantly 
maintaining the condition of mixed inheritance m the species. Other 
insects, suoi as moths, are constantly seen on red clover heads, but 
they do not come in contact with tne pollen and therefore do not 
effect cross-pollination. 

There has been considerable controversy as to the extent to which 
pollination can be accomplished by honeybees. Discussion has cen- 
tered upon the fact that the tongue of the honeybee is not long enough 
to reach the nectar. The literature on this subject is voluminous and 
cannot be reviewed here. More recent investigations clearly indicate 
that honeybees visit red clover principally for pollen and seldom 
obtain nectar, but regardless of what is obtained, pollen is transferred 
and cross-pollination is effected. 

Breeding Methods 

In the breeding of red clover inherent difficulties exist that have 
greatly retarded advancement in the improvement of tliis crop. These 
factors are chiefly the small size of the red clover floret and the fact 
that the plants are self-sterile. In general the method followed in the 
past in brewing for an improved variety of red clover has been to_ start 
with a valuable local stock and attempt to secure a better strain by 
mass selection of the most desirable types. Because of the necessity 
for cross-pollination, red clover is in a hybrid condition and the 
progeny of selected plants will continue to produce a certain per- 
centage of undesirables. These may be eliminated in some casM by 
continued selection and in others by unfavorable factors in the environ- 
ment. The latter is the case with the anthracnose-resistant strains 
produced in the southern r^ion of the red clover belt and the w^ter- 
hardy strains of the northern r^on, since they are naturally subj^l^ 
to disease or to severe winter conditions. All varieties successfully 
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established in the United States and Canada to date have been 
developed by the aid of this natural selection. _ 

Special inoculation beds with favorable conditions for development 
of the disease organisms have proved to be advantageous in studies on 
disease resistance. Experience has shown that field inoculations are 
not always successful, and there is always the possibility that sur- 
viving plants may have escaped inoculation rather than that they are 
resistant. The worker must also consider the susceptibility of the 
host as related to age and environment. 

In details, the method of making crosses varies with the individual 
investigator. Toothpicks, camel Vhair brushes, cards, and crooked 
needles have all been successfully used for the transfer of pollen. 
Since most of the red clover plants are self-sterile, reciprocal crosses 
can readily be made without the emasculation or removal of anthers 
necessary with many plants. 

Bumblebees from which pollen has been washed have been success- 
fully used by Williams for cross-pollination, and this method offers the 
distinct advantage of securing large numbers of seeds in any specific 
cross. Lindhara caught queen bumblebees in the spring and developed 
the broods in special boxes that could be moved to cages in which the 
plants were enclosed. Natural nests have been transferred to artificial 
domiciles and moved about at will in studies by the Bureau of Plant 
Industry. Honeybees have been successfully used when many plants 
were to be cross-pollinated. 

Williams (17),^ of the Welsh Plant Breeding Station, follows three 
methods: (1) Strain building — selecting superior plants of old stocks 
and combining them by; controlled crossing; (2) brother-and-sister 
matings — combining desirable sibs of the same families for several 
generations, eliminating nlants with undesirable recessive characters 
after each crossing, and later outcrossing to unrelated families that 
have been sib-crossed; (3) dialed crossing — intercrossing several lines 
with one another to determine the combinations producing the best 
progenies, followed by intercrossing among such progenies to form a 
new strain. 

The development of mildew-resistant lines in Wisconsin has resulted 
from selections made from artificially inoculated beds. The progeny 
of these selections were sib-crossed and selfed to secure unes 
homozygous or pure for mildew resistance. The crossing of unrelated 
lines resistant to mildew is in mogress to restore vigor. 

The results of studies by Wilfiams and by the Bureau of Plant 
Industry clearly show the effects of sib-crossing. Loss of vigor with 
succeeding sib crosses for several generations is usually evident. 
Whether lull vigor can be restored and maintained by combining a 
limited number of unrelated lines remains to be proved. Experience 
has shown that the growing of laige populations of spaced plants is 
essential if progress is to be made. While controlled crossly may be 
accomplished in the field, a greenhouse is a valuable asset. Tlie neces- 
sary manipulation can be more easily performed and a higher per- 
centage of seed may be expected in the greenhouse than in the field. 

The isolation and use of self-fertile fines in the breeding of red 
clover, while discredited by some investigators as offering little promise, 

'Italic oumben ia parentheses refer to Selected Beferences, p. 1211. 
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has the distmct advant^e of developing plants that are pure (homo- 
zy^gous). The loss of vigor by making sib crosses for several genera- 
tions IS practically as great as that resulting from selfing, and self-fertile 
Imes are more readily maintained. The selfing of one head per plant 
18 sufficient to determine whether it is self-fertile. 


Isolation of Breeding Material 

In Europe the problem of isolation of stocks in the early stages of 
development has been met by planting in an isolated field among other 
plants. Lang planted his reel clover in the midst of a field of other 
plants blooming at the same time so that the bees might work on these 
plants first and thus have any foreign red clover pollen cleaned off 
before they arrived at the red clover plants. Dreger isolated his 
breeding stock in a field of Vida villosa. By this means he claims to 
have produced a strain of red clover with uniformly violet seed. 

Williams and Evans found that contamination by extraneous pollen 
depended on two factors — ( 1 ) the distance separating the bred strain 
from other red clover plants and ( 2 ) the profusion with which the 
strain flowers. In their experiments it was found that when there 
was little bloom on the pure strain the percentage of contamination 
was great, no matter how well isolated the plot. On the other hand, 
with abundant bloom relatively little contamination occurred even 
when the plot was not well isolated. 


WHITE CLOVER 

White clover, a common inhabitant of lawns, pastures, and roadsides, 
is widely distributed in every continent of the world, with a natural 
distribution probably as great as that of any other plant of the legume 
family. Moist and cool situations are its most favorable h^itat 
and under such conditions growth is continuous. Though it is be- 
lieved not to be indigenous to North America, it was brought over 
veiy early and the year of its introduction is not known. 

The white clovers of agricultural value have been grouped as wild, 
cultivated or Dutch, and Giant or Ladino. Five other varieties are 
mentioned but are only of botanical interest. 

In form these groups differ chiefly in plant size, the English wild 
white clover being smaller in all vegetative parts than the Dutch, 
and this again smaller than the Ladino. In England the wild white 
clover differs also in being more persistent than the Dutch white 
clover, which is often short-lived. As a group, the native or wild 
white clover is distinguished from the Dutch white clover and the 
Ladino white clover by the presence of a cyanophoric glucoside. 
This is an organic substance present in many herbage plants and which 
in the course of digestion forms hydrocyanic acid. The quantity 
present in white clover is small and harmless. The more persistent 
plants have a high glucoside content, while the short-lived Dutch 
and the Ladino have but Uttle or none. 


Origin of Varieties and Forms 

The development of varieties and strains of white clover has rwult^ 
from the action of environment on this variable species. Thus m 
the United States it is possible to distmguish the stram produced from 
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Louisiana seed from that produced from Wisconsin seed, the Louisi- 
ana strain being more persistent under summer conditions but slightly 
less winter-hardy than the Wisconsin strain. 

Wliite clover was introduced into New Zealand from England, but 
the best white clover produced as wihl white in New Zealand today 
differs from the wild white of England in its larger growth. 

In New Zealand, where intensive work has been done with white 
clover, Bruce Levy has distinguished four strains of New Zealand 
white clover, differing in productivity and persistence, the best 
strain being like English wild white clover and the least satisfactory 
form like Dutch white clover. In Denmark two distinct varieties 
of white clover are grown, Mors0 and Stryn0. Of these the Mors0 
appears to be the more permanent and the better seed producer, 
but the Stryn0 is the better yielder of herbage. In Sweden a very 
persistent strain called Svea has been produced at Svoldf and is now 
on the market. In Finland the Tammisto strain, which has proved 
hardy and a good yielder, has been developed from native Finnish 
stocks. 

Though no critical studies have yet been made, observations indi- 
cate that the white clover growing in old pastures in the northeastern 
United States has the same growth habit and persistency as the 
English wild white clover. A common descent may be presumed, 
since white clover was brought to this country by the early settlers. 

Ladino white clover was first discovered in northern Italy, but its 
exact origin is unknown. It does well under irrigation but has not 
been successfully established in the eastern United States. 

Breeding Investigations 

The difficulties experienced in the breeding of white clover are 
similar to those in the breeding of red clover, and the same procedure 
is applicable. White clover, like red clover, is extremely variable in 
leaf size, color, and markings; flower and seed color; size of runners; 
and persistence. Combinations of one or more characters in indi- 
vidual plants have been observed from time to time. In many cases 
these have been perpetuated by vegetative propagation, and in a 
few cases strains have been developed that are homozygous for cer- 
tain characters. All the strains to which reference has been made 
are the result of natural selection with only incidental help from man. 

At present special breeiling work is being conducted at the Weraroa 
station in New Zealand, where the Weraroa strain was isolated as 
no. B-95. It is said to be truly perennial and a good yielder. At 
the Welsh Plant Breeding Station a variety, S^lOO, was released in 
1936 and is described as being more productive than commercial white 
clover and as lasting longer. It was produced from Dutch, New 
Zealand, and wild white clover and is intended for use in 1- to 3- year 
meadows. Another variety, S-99, has not yet been released. 
Breeding work is also being carried on at various stations in Germany, 
Denmark, Czechoslovakia, and Sweden. 

Experiments by Williams (17), Erith (S), and others have clearly 
shown that self-sterility in white clover is not so marked as in red 
clover but is the result of a similar phenomenon. The possibility of 
developing self-fertile lines is, therefore, slightly greater. A pro- 
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nounced rediwtion in vigor results from inbreeding, with the appear- 
ance of dwarf and chlorophyll-deficient seedlings and other recessive 
characters. 

OTHER TRUE CLOVERS 
Crimson Clover 

Crimson clover — -the most ^portant winter annual of the true 
clovers was first introduced in the United States in the early part of 
the nineteenth century, and the Patent Office made a distribution of 
the seed in 1855. This species is self-fertile and is less variable than 
the clovers previously discussed. The florets are not self-tripping and 
for maximum seed crops require insect visitation. 

Several varieties of crimson clover are recognized, differing in date 
of bloom and in color of the flowers. Vilmorin-Andrieux «fe Cie., of 
Paris, refer to Extra Early Crimson, Early Crimson, Late Crimson, 
Very Late White Flowering, and Extra l^te Crimson Flowering. A 
difference of 4 to 5 days in time of maturity is shown between each of 
these varieties in the order named. An early white variety is also said 
to exist. 

In the United States a local strain, developed in northern Georma 
and known locally as Pitt’s clover, is said to have given better results 
in Georgia than commercial seed. 

Alsike Clover 

The first recorded introduction of alsike clover into the United States 
occurred about 1839, when the Genesee Farmer, an agricultural journal, 
made a small distribution. No recognized varieties exist, but renonal 
strains give varying results. In Sweden the native strain yielded more 
than that from Silesia or that from North America. In preliminary 
studies in the United States, differences of this sort have been noted. 
The plants are generally self-sterile, though Wilson in Minnesota has 
shown that self-fertility exists; loss of vigor follows inbreeding. 

Subterranean, Berseem, and Persian Clovers 

The clovers known as subterranean, berseem, and Persian are all 
annuals, the first two distinctly winter annuals,_and are used for hay 
or grazing. Subterranean clover is little used in the United States. 
In Austr alia several strains of subterranean {Trifolium subterraneum L.) 
differing chiefly in date of maturity, are known, and in Egypt and else- 
where three or four distinct strains of berseem (T. alexandrinum L.) 
are recognized. Strains of Persian clover (T. resupinatum L.), dif- 
fering in maturity, have been selected by workers in Turkistan. In 
none of the other true clovers are strains recognized, and no special 
improvement work, so far as known, is being carried on with these. 

SWEETCLOVER 

Although a relatively new crop, sweetclover of^ra one of the most 
promising possibilities for forage improvement. The different speciM 
appear on the whole to be self-fertile, although some are not self- 
pollinating. Large numbers of honeybees visit the florets, eff^tmg 
sTcertam amount of cross-pollination and thus increasing variation 
among the plants. 
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In general, the sections where sweetclover is principally grown are 
the north-central region and the Great Plains States. This territory 
may be divided into two areas of adaptation — (1) the area east of the 
Nebraska-Iowa boundary and (2) the Great Plains States. In the 
eastern region resistance to a disease complex is of first importance in 
connection with the development of more palatable late-maturing 
strains for pasture. In the Great Plains States diseases as yet are of 
minor importance, but drought-resistant palatable strains for hay and 
pasture are needed. A coumarin-frec strain would be desirable every- 
where, since the presence of cournarin affects the palatibility of the 
herbage and, as shown later, is probably related to the development of 
a toxic substance in spoiled hay. 

The sweetclovcrs grown in the United States belong to the genus 
Melilotus. They imuude white sweetclover (M. alba), yellow sweet- 
clover (M. officinalis), and sourclover (M. indica). Redfield_ yellow, 
an early introduction of the United States Department of Agriculture, 
appears to be M. suaveolens Ledeb , though in many respects it re- 
sembles M. officinalis. The first species mentioned includes both 
biennial and annual forms, while M. indica is an annual, and of 
M. suaveolens and M. officinalis the biennial form only is known. 

Varieties 

Of the white sweetclover group, the Grundy County, Hubam, 
Arctic, Alpha, Iowa Late White, Ohio Evergreen, and Madrid White 
varieties have characteristic qualities and are in use to a greater or 
less extent. Grundy County White was first noted in Grundy 
County, 111., in 1917, but is of unknown origin. It is early, of erect 
habit, with slender stems, and it is not so tall as the common biennial 
white sweetclover. Arctic was named by J. Bracken at the University 
of Saskatchewan, Saskatoon, Canada, and was derived from a Siberian 
importation brought in by N. E. Hansen. It is especially noted for 
winter hardiness and behaves as a dw’arf variety in the central part 
of the United States, although making a much greater growth in 
Canada. 

Madrid Wliite, introduced by the United States Department of 
Agricidture through seed received from the Botanic Garden in Madrid, 
vSpain, is a large-growing variety characterized by early seedling 
vigor and tolerance of the first year’s growth to frost. Hubam is 
an annual mutation from MelUotus aU>a and was first brought to 
general attention by H. D. Hughes, of Iowa, in 1917. This variety 
resembles common biennial white sweetclover, except that it blooms 
and seeds freely the season of planting and docs not survive a second 
year. 

Alpha sweetclover is a variety developed by L. E. Kirk at the Univer- 
sity of Saskatchewan. The first plants were found in a field of Arctic 
sweetclover in 1924, and Kirk developed the variety by a process 
of inbreeding and selection. The plants of the Alpha variety 
branch profusely at the crown, the slender stems being leafy and 
resembling alfalfa. It is a dwarf variety in the central part of the 
United States and is not adapted to that region. 

Iowa Late White is a large-growing, late-maturing selection made 
by the late F. S. Wilkins, in 1935, at the Iowa Agricultural Experiment 
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Station, from a lot of seed secured from an lUinois farmer. Ohio 
^ growth habits and maturity to the Iowa 

Late ^ite. Selections of this variety were made by J. B. Park, 
of the Ohio Agricultural Experiment Station, as a result of several 
years of mass selection of desirable types secured from roadside 
plants. A selection made by the Illinois Agricultural Experiment 
Station and called Illinois No. 8 
is another late-maturing uniform 
strain selected from wild plants. 

Selections made by Brink at the 
University of Wisconsin were de- 
veloped in the effort to improve 
disease resistance. Hayes, John- 
son, and Doxtater, of the Minne- 
sota station, have made selections 
from Alphaand commercial white, 
resulting in a strain called Minne- 
sota No. 1 and a strain of Alpha 
that is more disease-resistant than 
Alpha from Canada. In the Pa- 
cific Northwest the growing of 
sweetclover west of the Cascade 
Mountains was unsuccessful until 
the developrnent of a strain resist- 
ant to what is believed to be stem 
rot. This variety was developed 
by H. A. Schoth, at Oregon Agri- 
cultural Experiment Station, over I c- Ti- j • • 

« period otyeere, by^wtag »uo- KrprSri 

cessiycgenerationsinthesamesoil, otuwa, Canada, who ha/pioncered 

allowmg the disease organism to i„ ,he genetics of sweetclover. 

eliminate the susceptible plants. 

Less attention has been given to the selection of varieties from 

f ellow sweetclover {Melilotus officinulis) than from white sweetclover. 
n general, the varieties of yellow sweetclover are less productive and 
mature earlier than those of white sweetclover. Many varieties, 
such as Albotrea, Madison County or Switzer, and St. Louis Valley, 
are veiy much like the commercial yellow. Zouave, developed at 
the University of Saskatchewan, is more erect the first year than the 
commercial yellow and has seed that is densely mottled with purple. 
Daghestan Yellow, introduced from the Province of Daghestan, 
Transcaucasia, and having large and rounded leaflets, appears to be 
a form of M. siiaveolens. 

Redfield Yellow, a variety received by the Department of Agri- 
culture from Manchuria in 1915 as Melilotus alba, but which later 
proved to be a yellow form, was developed and named at the Depart- 
ment’s forage-crop field station at Redfield, S. Dak. The fact that 
Redfield Y^ow crosses readily with M. alba while M. officinalis does 
not cross vdth alba and the further fact_that Redfiela Yellow does 
not cross with known varieties of M. qj^inalis appear to confirm the 
classification as M. suavedens. Madrid Yellow, introduced by the 
Department from seed received from the Madrid Botamcal Garden, 




Figure 7 . — Segregating sweetclover line, showing branched dwarf character in center, 
compared to normal growth oa each aide. Arlington Experiment Farm, Arlington, Va., 
1936. 


are in existence, developed largely by the continued growing of 
strains over a period of years. 

Breeding Work in North America. 

Definite breeding work has progressed more in Canada tinder the 
direction of L. E. Kirk than elsewhere (fig. 6). Kirk has made ex- 
tensive studies on pollination, selfing, and crossing. Improvement 
work in Canada has been directed toward “the prwluction of winter- 
hardy, fine stemmed, leafy, disease resistant and more palatable sorts.” 
Three methods are used — (1) isolation of desirable plants or of plant 
^oups so as to provide for immediate increase of a superior form; (2) 
isolation of desirable forms through selection within inbred lines; and 
(3) hybridization, to combine the desirable features of the best inbred 
lines (fig, 7), Studies of variations in coumarin content of individual 
plants have given promising results. Lanes have been selected that 
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appear to be approaching homozygosity for low and for high coumarin 
content. 

The Wisconsin station, in cooperation with the Department of 
Agriculture, has been studying the relationship between coumarin 
and palatability and toxic properties of spoiled sweetclover hay. 
R^ults indicate that coumarin is intimately connected with the toxic 
principle and is one of the important factors in the palatability of 
sweetclover for pasturage. Hybridization experiments are in progress 
within and between lines of Melilotus alba, M. suaveolens, M. officinalis, 
M. dentaia Pers., and other species. 

At the Minnesota station various lines have been inbred for 4 
years. In agreement with the work in Canada, selfing has not 
resulted in any material reduction in vigor in either common biennial 
white clover or Alpha. The development of a variety of low coumarin 
content and high yield is the objective of this work. 

_ In Kansas, Washington, and Texas, and at Guelph, Canada, selec- 
tion of desirable sweetclover lines is in progress. The Nebraska and 
Illinois stations, in cooperation with the Department, have estab- 
lished nurseries for selection and breeding looking toward the develop- 
ment of varieties having superior value. In West Viiginia various 
selfed lines are bein^ grown with a view to securing one that will 
thrive at a higher aci<fi.ty level than that at which sweetclover now 
does well. The Idaho station reports the development of a sweet- 
clover having purple seeds, a crown similar to alfalfa, and nonshatter- 
ing pods. A report for 1934 stated that none of the pui-ple-seeded 
types proved homozygous for this character and that the plants were 
se^egating for numerous other characteristics. 

Breeding Work Abroad 

The Russians have been interested in the breeding of sweetclover, 
especially at the Institute of Plant Breeding, at the Black Soil Regional 
Plant Breeding Center, at the Maikop and the Detsko-Selo stations 
in the north Caucasus, and at Saratov. Both commercial varieties 
and native wild strains are said to be used, various forms having been 
isolated to serve as breeding stock. Attention is being paid to 
variations in coumarin content. 

At the Kaiser Wilhelm Institut fur Zuchtingsforschung, Munche- 
berg, Germany, under the direction of M. Ufer, many thousands of 
plants from different sources have been grown and studied for relative 
freedom from coumarin. Of these, 51 individuals were selected. 
Among the species studied were MelUotm . alba, M. officinalis, M. 
VMlgica Poir., M. dentata, aiid M. indim. This work was reported in 
1934, but no later information is available. 

Pollination and Fertility 

Pollination of sweetclover imder natural conditions is effected 
principally by honeybees, except insofar as the species, varieties, or 
mdividuals are spontaneously self-fertilized. Various workers have 
studied this probW, but only a brief summary of the information as 
given by Kirk and bv Kirk and Stevenson can be given here. While 
Melilotus alba is generally highly self-fertile, three ^ups have been 
recognized: (1) Plants in which nearly all florets produce seed without 
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manipulation — spontaneously self-pollinated and self-fertile; (2) plants 
that do not produce seed without manipulation — self-fertile but not 
self-pollinating; and (3) self-sterile plants. The varieties of M. 
officinalis are not spontaneously self-poHinated, but are not completely 
self-sterilo as is commonly thought. When the stigmatic surfaces are 
scratched in selling, some seed is formed, though the proportion is not 
so great as when the florets are open-pollinated. The Redfield Yellow 
variety is spontaneoiisly sclf-poUinated and self-fertile, and this is 
also the case with many lines of M. dentaia. 

GENETIC STUDIES IN CLOVER * 

With the advent of more extensive genetic studies of plants, an 
occasional investigator became interested in the inheritance of 
particular characters of red clover. For the most part, however, 
the inherent difficulties occasioned by the self-sterility of the species 
and the manipulation of the florets in making crosses discouraged 
the initial efforts. UntU recent years the published reports of 
such invest^ations were principally confined to general statements 
of what appeared to be evident. 

Red Clover 

Flower and seed-coat color of red clover were the basis of most of 
the early observations. De Vries (14) described the selection of a 
line that in the fifth generation had a lai^e proportion of leaves com- 
posed of seven leaflets. He also reported that white flower color was 
recessive to red, being inherited in a simple ratio. 

In 1903 Fisher likewise developed lines in which 85 to 100 percent of 
the progeny had yellow seed coats and another line in which 86 to 99 
percent had dark-violet seed coats. In 1912 Kajanus (6) studied a 
blue-flowered red clover plant and reported that blue was recessive, 
being inherited in approximately a 15:1 ratio. He also stated that red 
flower color was dominant over white. In 1921 Witte (20) reported 
finding a white seeded red clover in which the white seed was associated 
with white flower. When this plant was crossed with those having 
yellow seed, the Fj generation segregated in a 3:1 ratio. 

In any large population of red clover plants, many have a crescent- 
shaped leaf marking while in others no markings are evident. 
Gmelin’s (B) studies in 1916 showed that the presence of leaf markings 
was dominant. His work also confirmed the report of Kajanus (6) 
that white flower color was recessive to red. Fruwirth also studied 
flower color, counting the number of plants producing white and red 
flowers. The more recent work of Wexelsen (16) on the presence and 
size of leaf spot, leaf color, anthocyan pigment and its presence in 
stems and stipules, flower color, and resistance to mildew indicates an 
increasing interest in the inheritance of characters of red clover. 
Nijdam (11) also investigated incompatibility, seed-coat color, flower 
color, chlorophyll difference, sterile stamens, and dwarfs. These 
studies include the occurrence, variation, and segregations of crosses. 
Senegation ratios were reported. 

Wiui the establishment of the Welsh Plant Breeding Station an 
orderly investigation of red clover breeding began. Experimental 

> This section is written primarily for students and others professionally interested in breediny or genetics- 
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proof by Williams and Silow (19) of sterility and fertility relationships 
of red clover, mentioned in a preceding section, affords a basis on 
which genetic ^ studies may proceed soundly. The comprehensive 
studies of Wi^anis (18) on flower color clearly show the presence of 
additional epistatic recessive factors with linkage relationships to the 
sterility genes, a condition not unexpected when the characters of 
large populations are critically examined. Besides the characters 
mentioned above, many investigators have observed the occurrence 
of dwarf forms, chlorophyll-deficient seedlings, abnormal flower-head 
development, and other variations. 

Cytology of Red Clover and Other Trifolium Species 
Wi^ the increased interest in cytological study as related to 
genetics, and its apparent usefulness in mterspecific hybridization, 
studies on chromosome number and morphology have been undertaken 
by a few investigators, notably Bleier (1) Karpechenko (Karpets- 
chenko) (7), and Wexelsen (15). In the majority of cases &ese 
investigators agree on the number of chromosomes, particularly in 
the most important species. Differences of opinion exist, however, 
on some points, and additional studies, with improved methods, are 
needed for a clearer understanding. The basic numbers of chromo- 
somes are seven and eight, with multiples thereof, but species belonging 
to a given subsection of the genus Trifolium do not always have the 
same number of chromosomes. Aschcrson and Graebner record 
various alleged hybrids as having been found in Europe, but experi- 
mental interspecific crossing has invariably been unsuccessful. A 
table of chromosome numbers of all species of Trifolium for which data 
are available is presented in the appendix. 

White Clover 

Genetic studies on the inheritance of different characters of white 
clover are in the developmental stage. In a preliminary report on a 
few crosses made between several varieties, Erith (3) states that leaf 
color and flower color are inheriteil as a single-factor difference. Nor- 
mal green leaves are dominant to pu^le, and pink flower color is 
dominant to white. Cytological studies by Wexelsen (16) on two 
varieties — English wild and Ladino — show no difference in the 
chromosome numbers. Those of Ladino are, however, much larger, 
though considerable variation in this regard exists between plants of 
the English wild white clover. In crosses between varieties, the 
chromosome size of the Fi generation was found to be intermediate 
between those of the parents. 

Sweetclover 

As indicated in the preceding section, improvement of sweetclover 
has been principally concerned with uie mtroduction and trial of 
various sweetclovers from the Old World. The occurrence of natural 
hybrids and mutations has stimulated interest in characters and their 

inheritance. , . . i xi. ^ i 

In breeding sweetclover, emasculation is necessary unless tne female 
parents carry a recessive character that may readily be determined in 
the Fi generation. Kirk’s water-suction method for greenhouse studies 

188004*— 87 77 
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and Savoie’s automobile vacuum method for field emasculation, as 
described m the article on Alfalfa Improvement in this Yearbook, are 
ingenious devices that have been successfully used. In view of the 
numerous hazards in breeding work, the need of greenhouse facilities 
cannot be overemphasized. A plant generation can bo grown in the 
greenhouse in the winter either by placing the young sellings under 
‘ continuous light or by freezing seedlings a few weeks old and then 
placing them under a lon^-dny exposure. These methods have been 
successfully used by Kirk in Canada and by Johnson in Minnesota. 

Cytological studies are necessary for intelligent plant breeding, 
particularly when interspecific hybridization is to bo undertaken. The 
studies of Castetter, Elders, Clarke, Smith, Fryer (4), Chekov (Tsche- 
chow), and Cooper all show that the diploid number of chromosomes 
of the species studied is 16. The morphology of the chromosomes of all 
the species investigated appears to be similar, although those of the 
species of the subsection Campylon/ti.'i are smaller than those of other 
species. 

The appearance of Hubam and of tJie Alpha form undoubtedly 
stimulated inheritance studies. Smith concluded from his studies 
that the annual character was dominant and counts of segregating 
progeny indicated a close agreement of a 3: 1 ratio. Elders, Kirk (9), 
and Clarke {2) have shown that the Alpha typo is recessive to normal 
and is inherit^ in a ratio of 3 : 1. Clarke also reports the presence of 
a recessive spreading dwarf character and of two factors for pale-jB:recn 
seedling. Lmkage between pale green and spreading dwarf is evident. 

Using the F2 and F3 tines developed from a natural hybrid between 
Melilotm alba and M. smveolens (Redfield Yellow), Kirk {8) reports 
that the inheritance of flower color is in close agreement with a tnree- 
factor hypothesis, two factors for cream, vaiydng in intensity, together 
giving yellow, and a third factor that inhibits the action of factors for 
cream and yellow mving white. Segregations in several of the above 
lines, however, indicate a deficiency of yellow plants. Reference to 
se^-coat color has been the basis of determining whether seed is from 
M. ‘alba or M. officinalis. Various workers have considered the clear 
seed coats of M. alba as a distinguishing characteristic differing from 
those of M. officinalis in which a varying percentage of seeds are 
flecked with purple. Kirk and Stevenson have reported the finding 
of speckled seed coats in a line of Alpha (Af. alba). Previous crosses 
indicated that color markings are dominant over clear seed-coat color. 
Kirk and Armstrong {10) also describe a mutation characterized by a 
reduction of the size of leaf with a pattern dissimilar to normal. T^his 
abnormality is also expressed in size and pattern of corolla. The plants 
are dwarfed, self-sterile, and cross-sterile to pollen from normal 


types. 

The characters in sweetclover are as diverse as in other plants; 
purple seed coats, green cotyledons^ dwarfs^ and chlorophyll-deficient 
seedlings, genhinable seed not needing scanficatiou, and floret abnor- 
malities have already been observed. 


Interspecific Hybridization 


The fact that all species of MelUotm have the same basic number 
of chromosomes, supported by the occurrence of natural and artificial 
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hybrids between species, has encouraged the belief that interspecific 
hybridization may be successful. The reports of early botanists on 
the occurrence of natural hybrids have been summarized by Schulz 
(12) and later by Ascherson and Graebner in their systematic treatise 
on the genus MelUotus. These authors mention hybrids between 
M. alba and M. aUisaima Thuill, M. alba and M. officinalis, M. altis- 
sima and M. offidnalis, and M. o^ffidnalis and M. wolgica. The 
axithors describe these alleged hybrids as having characters of both 
supposed parents, but genetic data on the supposed hybrids are 
wanting. Kirk and Stevenson failed to obtain a single hybrid be- 
tween crosses of M. alba and M. officinalis. In an experiment de- 
signed to favor natural crossing between a line of M. alba and its 
varieties and species of yellow-flowered sweetclovers, Kirk secured 
one hybrid with cream-colored flowers. This is similar to hybrids 
secured later from artificial crosses between M. alba and Redfield 
Yellow. Furthermore, reciprocal crosses between Redfield Yellow 
and Albotrea and between Zouave and Redfield Yellow failed to 
produce a single hybrid. Natural hybrids of the same nature, in- 
volving crosses between Redfield Yellow and M. alba, have been se- 
lected Dy Garver at Redfield, S. Dak., and at Arlington Experiment 
Farm, Arlington, Va. Sylven, in Sweden, reports a natural hybrid 
between M. alba and M. officinalis, selected from seed secured from 
Canada. It is possible that this hybrid may have arisen from the 
cross between M. alba and Redfield Yellow or the reciprocal. More 
recent work of Stevenson and Kirk {IS) shows that hybrids can read- 
ily be secured by artificial cross-pollination between M. alba (Alpha) 
and M. suaveolens (Redfield Yellow). The evidence tends to the 
conclusion that, while M. alba and M. officinalis and M. officinalis 
and M. suaveolens are reciprocally sterile, M. alba and M. suaveolens 
are reciprocally fertile. Compatibility varies, however, between 
individuals, depending upon which species is used as the male or 
female parent. In several cases crosses between M. alba and M. offi- 
cinalis and between M. alba and M. dentata have resulted in the 
development of pods and shrunken nongerminating seed. Efforts to 
dissect out hybrid embiyos at an early stage of development and 
grow these to maturity in nutrient cultures have failed. Further 
attempts at interspecific hybridization arc in progress at several 
places. 

Intcrgeneric crosses between Melilotvc, Medicago, and Trigonella 
have been attempted by Fiyer {4) and by Stevenson and Kirk (IS), 
but without success. 
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Table 2. — Location, kind of doner, and past and preaetit personnel engaged in clover 
Unprooement — Continued 

PARTIAL LIST OF FOREION WORKERS (COMPILED FROM REPORTS RECEIVED) 


Tasmania, Strathroj- 

Victoria, . . 

West Australia, Mureik 
Agricultural College 

Ontario 

Ontario Agricultural 
College 

Guelph 

Dominion Exivn- 

mental Farm, 

Ottawa. 

Saskatchewan, ITnlversIt) 
of SaskutchewHu, Sa-ska- 
toon 

Quebec, MacDonald Col- 


Welsh Plant Ureediiig 
Station, Aberystwyth 
Germany 

Kaiser Wilhelm Institute, 
Berlin. 

Netherlands- 

Agriniltural High .Scliool, 
^ Wageningeu 

Fe^eskjdpets Stamsaedga- 
ard, tliellum 

ApeUxoll, Toten 

Vagitnes, Bode. . ... 
Union of Soviet Socialist Kc- 
publics 

Institute of Plant Indus- 
try, Leningrad 

Sveriges U tsadesrureiiiiig 
Svalof. 


Switzerland 

Swiss Agricultural 
periiiient Stati 
Orlikoii 


Kind of clover 


.-^ubterrane in. » liil 
Subterranean 


Red. whitt 
■Sweet.. - 


Red, white, crimson. 


Red, abike, wliite. 


Red, w'bite, alslke. . 


M O. Miilte, (1 P. 
Mcltostle, K. I Ilam- 
lllon 

S Tlmcken, L E Kirk 

L S Klinck, L A 
Waitzengen. C P 
McKostie, A Mtic- 
Taggart 


Present iiersonnel 


8. L Maclndoe, W. T 
Atkinson. 

11 H Bevin, E. F. 
Fricke 

J E Harrison, F. R. 

Drake, E D. Cameron 
T C Dunne 


O M McConkey 


K. D. Wlllianis 


11. M. amelln. 
H Wexelsen 


Lissllzyn, Sinskaya. 

N Sylen, G NiLsson- 
I,eissner, R Torssell, 
K Nilsson, J E 
Siden, G. Eriksson, 
E Akerberg. 



VARIETAL IMPROVEMENT 
IN HOPS 


D. C. SMITH, Formerly Agent, 
Division of Drug and Related 
Plants, Bureau of Plant Industry ' 


LuPULIN, a substance consisting of resins and essential oil, 
imparts to beer, ale, and other malt beverages their characteristic 
bitter flavor. The scales or bracts of the hop — which resembles a 
fir cone in its general makeup — possess small, yellov^ granular bodies 
or lupulin grains, easily visible to the eye (fig. 1). These contain the 
resins and oil. The oil, contributing also to the aroma, is usually 
driven off in the boiling process but may be replaced later. Materials 
known as tannins occurring in the scales and stem of the cone aid in 
the clarification of the brew after boiling. 

Each 31-gallon barrel of beer brewed in the United States requires 
only a half to four-fifths of a pound of hops, though abroad the figure 
sometimes reaches 1 % pounds. Thus in spite of the extent of the 
brewing industry, the acreage of hops required is of minor importance 
agriculturally when compared with many crops. Hops are all- 
important to the brewers, however, since beer is made pnncipallj^ of 
malted barley^ hops, and water. There are rather exacting require- 
ments in quality of hops, and both yield and quality are determined 
by many influences. Breeding of better hops, therefore, becomes an 
undertaking of vital concern both to brewers and to growers. 

In other countries attention has been given to hop breeding as 
a means of improvement for many years. Such work with hops 
in the United States is at its beginning, though much progress has 
been made in recent years in breeding other crop plants. Some of 
the back-ground of hop culture will help the reader to better under- 
stand the breeder’s work. 

USE OF HOPS ANCIENT IN ORIGIN 


Just when hopped beer was first made is not known. The Egyptians 
had a sweet-sour alcoholic beverage made like beer but without 
hops. Hops were apparently used by the Greeks only as a salad 
plant; even today young hop shoots are eaten like asparagus by some 
people. In early times hops were supposed to free the blood of 
"all impurities, tumors, and flatulence”, cure the itch and other skin 
diseases, and "relieve the liver and spleen.” Taken as a fresh vege- 
table, they may well have had some beneficial effect in the diet. 
Today individuals may be found who believe that sleeping on a 
pillow stuffed with dried hops somehow contributes to health. 



Tbe author Is indebted to Q. R. Hoeiner, aaent, 
1 some parta of this paper deallni with pathology, 
Division, for making the chemical and physic^ 
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But the overwhelming utilization of hops has been in brewing, this 
use being first developed either in Russia or in Germany. German 
records go back to 768 A. D., in the time of Charlemagne, when King 
Pepin le Bref donated hop gardens to the monastery of St. Denis. 
Subsequently many monasteries became famous for their brews. By 
1320-30 A. D., hopped beer was in general favor in Germany. Hop 
culture spread to the Netherlands, and John the Bold, Duke of 

Burgundy, foimded a 
Knightlv Order of the 
Hop. Late in the fif- 
teenth century the plant 
was introduced into Eng- 
land, but Henry VII and 
Henry VIII liked beer 
without hops and prohi- 
bited their use. Swedish 
tastes were the opposite; 
an ordinance of 1440 re- 
quired every farmer to 
grow 40 poles of hops. In 
Bohemia the Emperor 
Charles IV personally se- 
lected the spots most suit- 
able for hop growing. 
Today leading producing 
countries abroad are Eng- 
land and Wales, Germany, 
Czechoslovakia, France, 
and Belgium. 

In North Ameiica, hop 
growing began in New 
Netherlands as early as 
1629 and in Virginia in 
1648, though it did not 
become important until 
about 1800. In 1808 the 
first hop yard was estab- 
lished in New York. In 
1849 the New England States and New York produced nearly 

1.500.000 pounds, of which New York grew 70 percent. After the 
Civil War the industry developed in Wisconsin, reaching a maximum 
of 25,000 bales* in 1869. In 1865, Oneida County, N. i., produced 

1.265.000 pounds, and in 1879 the State reached an all-time maximum 
of 21,629,000 pounds.® 

The growing of hops on the Pacific coast was started between 1859 
and 1869. Thou^ New York was still the leading State in 1899, 
the production in Oregon and that in California each exceeded that of 
New York by 1909. In recent years hop cultivation in this country, 
except in Washington, Oregon, and California, has been negligible. 


* PreMnt oommerdsl bales weigh approximately 200 pounds. 

* Attention of the reader Is called to the appendix at the end of this article, listing sources of Information 
cvallafals. 



Fiffuv 1 . — Dranch of hop vine with mature, well- 
developed cone below and blighted, withered cones 
due to downy mildew above and to the side. 
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^‘’.‘■“States harvcstca 47,746,000 pounds of hops on 
38^00 acres Slightly oyer half of the tonnage was grown in Oregon 

During the twenties hop growing in New York was practically 
j^ped out by powdery mildew, but there is a revival of interest in 
that fetate, as indicated by the work recently begun by the New York 
(otato) Agnculturnl iiXponment Station at Genova looking toward 
the improvement of hop varieties. 

The growing of hops is somewhat similar to that of pole beans. 
i/Tx trained on poles or pole-and-wire trellises, ordinarily 

10 to 20 feet in height. Plants are spaced from 4 to 8 feet apart, the 
latter distance being most general on the Pacific coast. At harvest 
the vines are let down and the cones are picked by hand. The green 
bops are thcri hauled to drying houses, piled in bulk, and slowly dried 
with artificial heat for about 20 hours. Later they are compressed 
into bales of about 200 pounds each, sewn over with burlap, and the 
grower’s part is completed. 

Hops are long-lived perennial plants propagated by root cuttings 
and having a strong climbing habit. Curiously enough, the vines 
always wind in the same direction. New shoots are produced each 
year, and after harvest old growth is removed as in the case of cane 
fruits. Plants may bo grown from seed, but they then exhibit great 
diversity in characters, many being strikinglv inferior. Few growers 
have noticed hop seeds germinate. Hop plants possess remarkable 
vigor, young vines having been observcil, under favorable conditions, 
to elongate 12 inehoa in 24 liours. 

Hops are closely allied only to cini, mulberry, hemp, and nettles 
among the commonly known plants and are known to botanists as 
Ilumulus lupulus L. A native American typo has been segregated as 
H. americanua Nutt. An annual ornamental variety called the 
Japanese hop (77. japonicus Sicb. and Zucc.) is a cousin, as is 
77. neomericanua (A. Ncls. and Cockerell) Rydb., a native sort found in 


BEER, ale, and other malt beverages depend principally on hops 
for their characteristic flavors, and no satisfactory substitute has 
ever been found. Improvement of hops by breeding is, therefore, 
of vital concern to both brewers and growers. The attainment of a 
choice product is very difficult, since the hop plant is extremdy 
sensitive to sun, wind, heat, rain, insects, and diseases, and the 
quedily of the cone depends on type, color, soundness, aroma, and 
content of resins and essential oUs. Breeding may play an im- 
portant part in improving most of these characteristics. The 
varietal improvement program, is new in the United States and 
thou^ the hop plant is not easy to deed with, the progress made in 
developing superior varieties in Europe suggests what may be 
accomplished udth sustained and active investigations. 
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Colorado and vicinity. The first two species mentioned include all 
commercial hop varieties. 

PECULIARITIES AND PROBLEMS IN HOP BREEDING 
The hop is one of the few cultivated plant species in which male and 
female flowers are borne on different individuals. Since commercial 
hops are the dried and pressed cones from the female plants and 
these develop without fertilization, the males are not indispensable 
in commercial culture. The latter do serve to stimulate production 
of larger, heavier, and earlier maturing cones by the female plants 
{20).* Such hops contain seeds, which contribute to the wei^t but 
which have no value in brewing, and in parts of continental Europe 
the presence of male plants in yards is forbidden by law. In the 
United States and England about 1 male to 100 female plants may 
be grown. 

To the breeder, seed production is necessary, since it is in seedling 
progenies that opportumty for selection of improved varieties is most 
promising. The breeding problem is closely analogous to that in 
dairy-cattle improvement. There is no method of determining the 
value of a sire in providing desirable heredity to obtain high-producing 
cows except by progeny tests, since milk production, like hop develop- 
ment, is a purely female character. Nevertheless, from a Iiereditary 
viewpoint, the male contributes markedly in each case. 

Brewing Requirements, Yield, and Maturity 

The characteristics of choice hops, from the brewmasters’ view- 
point, are relatively few. They should possess a high soft-resin 
content, delicate aroma, and a clean, bright appearance, and contain 
few or no seeds, leaves, and stems. Because of the slow, gradual 
development and fragile nature of the cone, coupled with the extreme 
sensitivity of the plant to sun, wind, heat, rain, insects, and diseases, 
the attainment of a choice product is exceedingly difficult. Harvest- 
ing operations also play no small part in determining the quality of 
hops received by the brew'cry. Though much investigational work 
has been done in attempts to find suitable substitutes for hops, the 
use of this crop continues to be the only means in use of gi\ung the 
desired qualities to beer. 

In the culture of hops, the grower has many serious troubles. 
Most important among these are maintenance of yields, control of 
(lipases and insects, standardization of high quality, and man^ 
minor difliculties arising from these. The first task of the breeder is 
to recognize and understand these factors. 

The world over, yields of dry hops per acre may range from 300 to 
4,000 pounds. While much depends on the country and locality, the 
variety used is of chief interest in this respect. The principal vari- 
eties of the Pacific coast are Late Clusters, comprising about 75 
percent^ of the acreage ; Fuggles, about 15 percent ; and Eany Clusters, 
10 percent. In good years. Late Clusters produce an average of about 
lj^500 pounds. Early Clusters 1,300 pounds, and Fuggles 1,100 pounds 
of dry hops per acre. Incidentally, yields in continental Europe are 

* Itolio Dumber In panntheses refer to Literature Cited, p 1239. 

• Includee ioib<: Can a dian Red vinea. 
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usually from 600 to 1,100 pounds per acre while those of England and 
Wales approximate those of the United States. 

Fuggles is the earliest maturing variety, usually being ready for 
harvest about August 20, with Early Clusters closely following. 
Ripening of Late Clusters, which is the main crop, begins in Or^on 
in early September. Maturity of hops is generally earlier in Cali- 
fornia and to some extent in the Yakima Valley of Washington. 
Harvesting of Late Clusters may extend into early October. Many 
growers have acreages of two or more varieties, which allows a longer 
harvesting season. Increased yields are always a breeder’s objective 
and the period of maturity is of importance in most sections. 

Downy Mildew, Scourge of the ITop Plant 

Like other plants, hops arc attacked by various diseases, the most 
serious of which, at the present time, is downy mildew. Other 
iniportant troubles in the United States are blue mold or powdery 
mildew, sooty mold, which accompanies infestations of plant lice, 
and crown gall. Blue mold, a serious disease in England and to some 
extent responsible for the decline of hop production in New York, 
has not been roport<'d on the Pacific coast. Sooty mold may bo 
serious in any year when plant lice are prevalent. These diseases 
may attack hop cones, leaves, roots, or stems causing lowered quality 
or complete destruction. The effects of downy mildew on cone 
development are shown in figure 1. In addition to those mentioned, 
other minor diseases of various types have often been present in 
Europe and the United States. 

In recent years hop growers throughout the principal hop-growing 
countries have been greatly concerned with downy mildew. ^ Its 
ravages have roscmhlpd in many respects tho^ of the late blight 
disease of the potato, which caused the Irish famine in 1845 and 1846, 
or of the frequent stem rust epidemics of cereals in the Middle West. 

Downy mildew was first described in Japan in 1905. In 1909 it 
was observed in the United States, being found in Wisconsin. In 
1920 minor attacks of the disease were seen at Wye, in Kent, England, 
but in 1921 it was not observed there. During 1922 and 1923 it in- 
creased in prevalence at Wye, and in 1923 it was reported in Germany 
and Czechoslovakia. Belgium and France reported it in 1924 and 
the Union of Soviet Socialist Republics in 1925. In 1926 it appeared 
in Italy. Beginning in 1927 serious losses wore caused, England suffer- 
ing damage estimated at nearly one-third of the crop and Bavaria 
also expenencing heavy losses. Some Bavarian growers sprayed 10 
times during the season to control the spread of the trouble. Since 
1927 the disease has appeared irregularly in Europe, but in indi- 
vidual localities losses may involve tlie entire crop. Weather condi- 
tions are important influences in the development of the disease. 

Though found in Wisconsin in 1915, downy mildew did not cauM 
economic losses in North America until 1928, when it appeared in 
New York, Manitoba, and British Columbia. In 1929 it developed 
extensively in western Washington and in 1930 was severe in western 
Oregon. The disease did not appear in coastal California until 1934 
and in the Sacramento Valley until 1935. Durmg 1936 it was 
prevalent in all areas where it had been found previously and caused 
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a marked reduction in the yield and quality of the crop. To date it 
has not been officially recorded as existing in the Yakima Valley of 
Washington, though experienced growers have reported traces of it. 

While downy mildew appears irregularly, it has been estimated 
that 20 to 25 percent of the crop is annually lost throiigh the depre- 
dations of this disease in the Pacific Coast States, The source of 
the organism causin g downy mildew {Pseudonemm'poira hurmdi 
(Miyabe and Tak.) Wilson) is problematical, but it is thought 
to be native on wild hops in the United States. The control of 
this devastating disease is perhaps the most important concern of 
hop producers both in the United States and in Europe and is a 
major objective of the breeder. 

Quality and Other Considerations 

Particidarly in recent years, but more or less pereistently over a 
long period, growers have been concerned with problems affecting 
quality. Considered from the variety-improvement viewpoint, items 
of importance are soft-resin content, aroma, and the existence of 
seeds. Commercially, hops are bought on the basis of general variety 
or type, color, aroma, lupulin content, and soundness. These might 
be termed “sight”, “smell”, and “touch” character, and experienced 
growers and dealers rely greatly on these three senses. Recently 
resin content as determined by chemical analysis has become a 
greater influence in the hop trade. 

Proper attention to the various steps in harvesting and curing 
favors quality to a largo extent, but aside from this, variety and 
locality are also extremely significant factors. With respect to 
soft-resin content, American-grown hops are equal or superior to the 
best European lots. The latter are reputed to be preferable in aroma. 
Continental hops are also noteworthy for their freedom from seeds 
as compared with the English and American products. German and 
Bohemian hops continue to sell at a high premium over domestic lots 
in the New York markets. Though sufficient domestic production 
of hops for supplying the American trade usually exists, the use of a 
certain percentage of foreign hops for brewing is a general practice 
in this coimtry. To improve the quality of domestic hops is thus 
another primary object of breeding efforts. 

Insects affectii^ hops most frequently are plant lice or aphids and 
the red spider. These pests exist in both European and Pacific coast 
hop sections. Root borers, cutworms, flea beetles, and other insects 
occasionally do considerable damage. Aphids have been generally 
present and, where they are numerous, the secretion of honeydew, a 
sticky sweet substance, reduces quality and serves as a substratum 
for molds to develop. Red spiders affect the foliage mainly and are 
usually prevalent imder conditions of slow growth and dry, warm 
weather. 

In picking, hops that separate readily from the vines are har- 
vest^ with the least crumbling and breaking. Types that tend to 
remain without disintegration in the complete processes of ripen- 
ing, harvesting, and diymg result in the best dried samples. Plants 
must be long-lived to keep down yard maintenance costs and main- 
tain high yields. 
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EARLY DEVELOPMENT OF VARIETIES 
The natural variability of tho hop plant and the futility of attempt- 
ing to propagate commercially hy means of seed was recognized at an 
early date {IS). In 1669, different types were distinguished, and by 
1726 the existence of male and female plants was noted by European 
growers. Many varieties were known by 1799. The desirability 
of growing uniform sorts was also acknowledged though in England 
during the nineteenth century there was a great confusion of varieties. 

During the development of the industry in the United States, as 
in Europe, many named varieties have been grown that, with the 
exception of the four now grown on the Pacific coast, have disappeared 
from conimcrcial fields. Introductions of foreign types made from 
time to time by producers of extensive acreages have also vanished 
for the most part. 

In the important years of production in New York several varieties 
grown included English Cluster, Grape, Canada Red, Palmer Seedling, 
and Humphrey Seetlling. The latter types were also cultivated in 
California and in addition the so-called “American hop” was grown. 
Tho Fuggles variety did not prove popular in California, 

The earliest recognition by the Department of Agriculture of the 
need of improved varieties of hops in the United States was in 1900, 
when David Fairchild imported roots of the best European varieties. 
After thorough tests it was found that these did not yield well enough 
to make their production under American conditions profitable. 
In 1904 he started breeding work and crossed European varieties with 
American male plants. Prior to this American hop gi-owers had from 
time to time sought to accomplish the same purpose in the same way 
with similar results. 

In 1908 Stockberger {17) outlined a program he had undertaken 
in the Department of Agriculture. He referred to the failure of the 
earlier attempts to adapt European varieties and suggested a different 
procedure based on a recognition of the fact that the hop_ plant is 
greatly influenced by soil and climatic conditions, so that improve 
ment by selection of the best varieties already being grown in this 
country would be simpler and give quicker results. He proposed a 
careful study of the domestic varieties, tho selection of promising 
individual seedlings, and thereafter the development of desirable 
types by hybridization. Although the chief objectives he sought 
related to productiveness and quality, ho stated that individual hop 

S lants had shown a marked resistance to disease and that these were 
eing propagated to determine not only whether that character is trans- 
mittable but to note their general qualities from other standpoints. 

I^ogress on this project was reported in brief statements in the 
Yearbooks of the Department of Agriculture for 1911 and 1912 in 
which tho selection of several promising hybrid seedlings and the con- 
tinued introduction of foreign sorts is referred to. By 1916 several 
thousand seedlings were under cultivation. About this time a number 
of circumstances forced the abandonment of the project. A reduction 
in funds made a continuation of the field work impossible. The 
European war interfered with further importations of foreign varieties, 
and a few years thereafter the advent of prohibition greatly reduced 
the commercial importance of hops. 
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The investigations of State experiment stations have not until 
recently been directed toward problems concerning hop varietal im- 
provement, and early Federal experiments have not been continuous. 

Principally because of the inroads of downy mildew, experimental 
work with hops was initiated in 1930 by the Division of Drug and 
Related Plants of the Bureau of Plant Industry, United States De- 

E artment of Agriculture, in cooperation with the Oregon Agricultural 
Ixperiment Station. The principal purpose of the program was to 
investigate disease control through field practices and to work toward 
the development of improved, disease-resistant varieties. Experi- 
ments have been in progress since that time. More recently varietal 
improvement of hops has been started by the New York (State) 
Agricultural Experiment Station at Geneva, as previously mentioned. 

In Europe there seems to have been from early times a careful 
selection of stocks, varieties appearing and disappearing frequently. 
Though the origins of many strains are obscure, numerous ones are 
known to have resulted from selection of chance seedlings and others 
by propagation from desirable plants. The Late Clusters variety is 
thought to have arisen from a chance seedling of the wild hop. The 
origin of Fugdes is typical of the developnient of many strains. 
Concerning it Percival (6, p. 87) wrote: 

The original plant was a casual seedling which appeared in the flower-garden 
of Mr. George Stace, of Horsmonden, Kent. The seed from which the plant 
arose was shaken out along with rruml>s from the hop-]>icking dinner basket u.sed 
bv Mrs. Stace, the seedling being noticed about the year 1801. The sets were 
afterwards introduced to the public by Mr. Richard Fuggle of Hrenchle\, airaiit 
the year 1875. 

Anotlier old English variety, Colgate, was started from a likely 
looking plant found growing in a heilge. Bates Brewer was developed 
from root cuttings obtained from an outstanding plant that was paid 
for in whisky (6i). Many of the continental varieties undoubtedly 
began with similar plant selections. The varietal history of hops 
closely resembles that of potatoes. Selections of seedlings by growers, 
followed by vegetative propagation, have frequently originated new 
types in both plants. 

Fruwirth {4,^P- 77-88) assigned the origin of several early varieties, 
including Golding, Early Brambling, and Semsch, to bud variations, 
the variants then being propagated independently by cuttings. Tlus 
is comparable to the bud or graft propagation of new apple types 
appearing on trees of old varieties. 

Individual workers, not growers primarily, undertook independent 
investigations late in the last century. Fruwirth began selection of 
promismg individuals in 1888. Other workers mentioned by Fru- 
wirth were Stambach, who first planted seedlings in 1894, and Kemy, 
who in 1898 was making studies of the resins and tannins of seedlings. 
Early work also included that of Beckenhaupt at Weissenburg and 
Wagner at Weihstephan, Germany, who grew local and introduced 
varieties in comparative triab. 

Organized efforts for hop improvement began fairly late in the last 
century. A testing garden was estabhshed near Saaz, Bohemia, in 
1897, and ma^ varieties were grown. Breeding by seedling selection 
had begim in Belgium by 1903. About 1898 the A^cultural College 
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of Wales began investigations on hop improvement, and breeding was 
imdertaken in 1907. Ope of tlie oldest and most active investiga- 
tional projects has been in progress in England since about 1904. In 
1913 visitors to the college hop nursery at Wye, Kent, selected prom- 
ising seedlings for trial and subsequently 2,830 cuttings from 23 
varieties were supplied to growers. A testing station especially for 
determining brevdng value was established at East Malhng in 1917 
and has made important contributions to the Engbsh work. By 
1911 Denmark had begun variety investigations. Additional stimu- 
lation was given to hop breeding in Europe generally by the severe 
losses due to downy mildew in 1926 and 1927. In 1926 a society for 
hop research was founded in the Ilallertau district of Bavaria. In 
1932 a largo German hop company placed its acreage at the disposal 
of the government for testing purposes. The work of hop selection 
in the Union of Soviet Socialist Republics, undertaken by the Agri- 
cultuml Academy of Moscow, began in 1926. In addition to those 
mentioned, other state, governmental, and private agencies in Europe 
are concerned with varietal improvement of hops. In the appendix 
are listed some of the workers and the countries in which experimental 
work is in progre.ss. 

RECENT BREEDING WORK 

The improvement of hop varieties concerns the cone-bearing female 
individuals particularly. When seeded hops are grown, male plants 
that produce abundant pollen at the time of the flowering of the female 
plants are needed. Thus selection of desirable male plants may be 
necessary. 

Considering grower and trijde demands, an ideal variety would 
embody resistance to downy mildew, high yield, suitable resin content, 
and good aroma. It would be medium leafy, easily picked, resistant 
to insects, and capable of remaining on the vines a reasonable time 
after maturity without deterioration. Excessive fragility and lai^ 
stems would be undesirable. This indicates the varied charaetCT 
of the hop-breeding problem. Meanwhile, new diseases or other 
troubles may appear to provide additional complications. Considering 
all these points, no varieties commonly grown at present quite “fill 
the bill.” 

Recent work has developed along several important lines. In 1930 
and 1931 an extensive survey was made of the plant material being 
grown in commercial yards of Oregon, to determine the possibility of 
selection of superior types in old hop yards. In 1935 a similar, though 
less comprehensive, inventory was made in coastal California. Super- 
ficial examinations have also been made of a few Yakima Valley yards 
in Washington. The general result of these surveys has been failure to 
find occasional plants, which might be propagated as improved types, 
strikingly superior to the generd lots of the four important varieties. 
There has frequently, however, been a varying percentage of inferior 
sorts the elimination of which would allow a sizeable increase in 
production. Such types have been chiefly hermaphrodites* and 
sterile plants producing no flowers, often called bastard hops by 

• Hermaphrodites, as In animals, are Individual plants developing both male and female sexual characters. 
In bops such plants produce pollen and also cones. 
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growers. In many yards male plants are unnecessarily numerous for 
pollination purposes. Additional work is being done on v^etative 
selection among commercial varieties and tlie breeder is constantly 
watching for superior individuals. 

In ^1 plant improvement one of tho_ most promising methods of 
obtaining better types is the introduction of varieties from foreign 



Fifftre 2 . — Vines of the Late Clusters variety of bops, with side branches covered with 
glassine bags to control pollination. Bags arc held in place by paper clips, and 
operations are recorded on small marking tags attached to the stems. 

countries having Rowing conditions comparable to those in our own 
hop areas. Experience has not been_ promising as to the value of this 
practice in hop improvement, _ but it is hoped that useful breeding 
material will be acquired by this means. Beginning in_1931, attempts 
have been made to obtain propagation stock of superior English and 
continental varieties to grow in the experimental nursery at Corvallis, 
Oreg., in comparison with domestic sorts. Though some European 
countries have prohibitions against the exportation of cuttings, in all 
about 35 foreign strains have been obtain^ by the Division of Plant 
Exploration and Introduction and are now being grown. Cuttings 
fo^ropagation improperly packed are perishable and in some instances 
difficulty has been experienced in obtaining living roots shipped long 
distances. Plants from imported cuttings do not usually bear hops 
imtil the second vear. 

The third method of attack that may be used for variety improve- 
ment is the selection of superior plants from those grown from seed. 
This plan appears to offer most promise. Since it is difficult to desig- 
nate male individuals according to variety, all seeds produced may be 
considered of hybrid nature. Thus seed may be collected from any 
good female ‘in the hope that some of the progeny will excel the 
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mother plant in various characters. The nature of the male parent 
in such a case is unknown. It is also possible to obtain seeds from 
plants that have been pollinated artificially. In these cases the nature 
of the male is known, and vigorous, desirable types may be used. When 
ex)ntrolled pollination is practiced, the female flowers are covered with 



Figure 3 . — View of experiineiilal yard showing plant variation among hop seedlings. 

Those in the foreground are superior types. 

small bags and pollen of the male plant is shaken over the blossoms. A 
plant undei^oing artificial pollination is illustrated in figure 2. 

Hop Yards for Experimental Testing 
The experimental field at Corvallis, Oreg., consists of an area trellised 
and spaced like a commercial yard and another smaller section for 
growing seedlings for the first year's observations. The larger area, 
pictured in figure 3, is capable of accommodating about 3,600 plants 
spaced 8 feet apart. Included in this section are plantings of aU 
domestic and available foreign varieties, together with seedling plants 
that appear worthy of growii^ beyond the fimt year. The smaller area, 
known as Hie seeming yard, is designed for ^wing first-year seedling 
plants for preliminary observation. SeedUi^ are planted 16 to 18 
inches apart in the row and trained on strinffl attached to a wire 
appro.ximatelv 6 feet from the ground level. About 3,000 plants may 
be grown under these conditions (fig. 4). Seedlings that appear to be 
of the types sought are then transplanted to the standard vard for 
further tests. Hop seeds may be sown in greenhouses or in coldframes 
in the field in early winter or early spring. In the growing season the 

138004"— 37 78 



Figure 5 . — Seedling hops in greenhouse beds. The dome lamps may be used to supple- 
ment daylight during fall and winter months. Strong seedlings are thus developed for 
field planting in the early spring. 
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lants obtained are moved into the seedlmg yard or into field rows to 

e later included in the nursery. Seedlings growing in greenhouse beds 
are shown m figure 5. 

Though, in general, growing conditions are kept favorable for plant 
growth in the experimental areas by following common commercial 
methods, the nature of the infonnation sought requires certain widely 
divergent practices. One of 
these is the actual fostering 
of the development of the 
downy mildew disease by 
cultural practices favorable 
to its spread so that it will 
“run wild” among both the 
older plants and the seedlings 
under observation. Since 
resistance to this malady is 
one of the chief goals, its 
rapid spread is sought, to 
permit selection of resistant 
types. Where it may seem 
apparent that plants vary in 
reactions to insects, the lat- 
ter pests may also bo left 
uncontrolled. Since it is 
not <lesirable to select plants 
under soil conditions ex- 
ceptionally favorable for 
growth, the use of fertilizers 
IS restricted. Otherwise, 
plants are allowed to de- 
velop in a manner compa- 
rable to those in commercial 
yards. 

During the growing sea- 
son many types of observa- 
tions are made. The de- 
velopment of downy mildew 
and the plant’s reaction to 
it are recorded weekly for some 3,000 seedlings and foreign and do- 
mestic varieties. Data are also taken on infestations of aphids and 
red spider. Relative maturity, vigor, stem and leaf color, leafiness, 
abnormalities, and sex are also recorded in seasonal notes previous 
to harvest. 

Late Clusters, Early Clusters, and Fugglra are gro\m in plots of 
sufficient size and number of plants to obtain information on ^elds. 
In 1934 and 1935 over 400 such plants were picked and weighed indi- 
vidually. Other less common varieties, such as Red Vine and 
Bavarian, are also grown though less extensiv^y. Foreign strains 
and all promising seedlings are narvested individually but have not 
been grown on a comparative yield basb, for rcMons indicated later. 
After pi cking , samples are dried in a small experimental drier (fig. 6) 
through cooperation with the Oregon station section of agricultural 



Figfire 6 . — Kxpcriiucnlal hop-drying cliamber. 
The email cabinet within contains the eamples of 
hops, placed in coarse mesh bags. The scale 
beam allows constant checking of moisture losses 
as the charge is dried. Drying temi>eratiire and 
heated-air flow may also be recorded. 
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engineering. Tlie hops are then pressed into small bales resembling 
the commercial packivge except in size. 

Cheniical tests have been made on many samples to determine the 
soft-resin contpt as a means of obtaining some index of quality. 
Physical- examinations have also been made for color, aroma, seed 
content, cone size and condition, and presence and appearance of 
lupulin. At present, the chemical and physical analvsis of the dry 
hops is the ultimate test for brewing value. Actual brewing tests 
will be necessary to finally establish the suitability of new strains for 
commercial use. 

Breeding Objectives and Progress 

In the hop-breeding project thus far, definite information has been 
obtained on a number of problems, ami observations made since 1930, 
together with contacts with growers and dealers, have served to 
crystallize objectives. 

Late Clusters, the dominant domestic sort, is normally a good 
yieldor, has a high soft-resin content, and is otherwise well suited to 
brewing purposes. It is, however, quite susceptible to downy mildew, 
plant lice, and red spider. It is also leafy and late in maturity. 
Early Clusters is very susceptible to downy mildew and aside from 
being somewhat earlier is interchangeable commercially with Late 
Clusters. The cones are larger and the vines a little less leafy. It is 
a favorite with pickers. Fuggles is resistant though not immune to 
downy mildew, usually making a fair crop when cluster varieties are 
severely injured. Yields are decidedly lower than those of the 
Early Clusters and Late Clusters and the variety does not permit as 
much delay in harvest as does Late Clusters. It is also quite sus- 
ceptible to red spider injury. The soft-resin content of Fuggles is 
usually below that of the cluster types and the commercisu trade 
recognizes the variety as an individual class. 

Red Vine hops have been grown more extensively in earlier years 
than at present; very few uniform fields of this variety now exist. 
It is noted for its pleasing aroma and many growers believe a small 
amount of Red Vine hops adds in this respect to the quality of Late 
Clusters. The soft-resin content is comparable with that of Late 
Clusters. Chief objections to Red Vine are leafiness, many small 
hops — though the yield is good — late maturity, and susceptibility to 
aphis, which is due in part to profuse foliage. 

Where suitable males are present, all of these varieties produce 
abundant seed,^ but the prevention of seeding might easily be accom- 
plished by elimination of male plants. Inability to obtain satisfactory 
premiums for seedless hops has not encouraged growers on the Pacific 
coast to eliminate seeds. 

None of 30 varietal strains introduced from other hop-growing 
countries has appeared to be superior or equal to those now grown 
on the Pacific coast. This may be comparable with the resiuts of 
extensive com trials in the Umted States where many varieties do 
well only within small areas or localities. Certain of the introduced 
varieties have made fair growth and several have exceeded Late 
Clusters in percentage of soft resins. In table 1 are given results of 
physical and chemical analyses of some foreign and domestic hops 



Table 1. — Physical and chemical analyses of hop varieties and seekings g/vmt at Corvallis, 
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grown at Corvallis, Oreg., in 1935. Though the data are for 1 year 
only, the analyses are remarkably high. 

The soft-resin content is based on individual determination of 
several resin components, which is the usual method of chemical 
analysis. The notes on physical characteristics of the various lota 
are of importance, sinc^e commercial dealers usually observe these 
points in trade samples. Comparisons may be made between foreign 

and domestic varieties 
by reference to the 
table. Though all of 
the samples listed 
might be considered 
choice from a trade 
viewpoint, superiority 
of certain strains is 
indicated. In both 
1934 and 1935 Land- 
hopfen and Burgunder 
exceeded Late Clus- 
ters, the richest domes- 
tic variety, in jier- 
centage of soft resins. 
Analyses of certain of 
the better seedling 
selections indicate 
the possibilities for 
obtaining improved 
types in this important 
character. 

Wide variations in 
physical traits may be 
noted, though soft- 
resin contents remain 
similar. Arpma partic- 
ularly may vary from 
excellent to strong and 
unpleasant when other 
characters seem to 
vary but little, 
pdr h I h • .» Many seedling have 

tyM^resembli^^Fuggles and leaves similar to those of been grown at Co^al- 
Late Clusters. hs Since 1931. Seed 

has been obtamed from 



domestic and foreign varieties from the experimental yard and from 
many commercial fields. These seedlings have been for the most 
part of inferior types. Many are male plants, others are dwarfed 
or otherwise undesirable, and only rarely is a plant producing “fair” 
hops obtained. One of the latter sorts, considerably better than 
usual, is illustrated in figure 7. 

In the matter of soft-resin content, seedlings may vary over a wider 
range than varieties. In the 1933 season 29 of these varied from 9 to 
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17.9 percent/ w^hile Late Clusters contained 17.9, and Fugles 16.3 
percent soft resins. In the crop of 1934 cones from 57 seedlmgs con- 
tained between 9.4 and 17.8 percent of soft resins. The percentage for 
Late Clusters was 17.8 and lor Fu^gles 14.8. Nineteen foreign varie- 
ties grown at Corvallis under similar conditions ranged from 14.2 to 
19.4 percent soft resins. Similarly, the 1935 crop of 50 seedlings 
ranged from 11.1 to 19.7 percent; Late Clusters contained 19.1 and 
Fuggles 17.6 percent. Foreign varieties, 23 in number, varied from 
14.1 to 20.9 in percentage of soft resins. 

In aroma, many seedlings have compared to advantage with standard 
varieties wliile some are decidedly inferior. 

Experience has demonstrated, both here and abroad, that plant 
reaction to downy mildew is difficult to ascertain. This is due to the 
irregularity of the occurrence and development of the disease. The 
nature of this problem may be indicated by the fact that one seedling 
of a very promising nature in the years 1931-33, free from mildew and 
of good agronomic appearance, mildewed severely in 1934 and 1935. 
Preliminary tests have shown that artificial inoculation of questionable 
plants by hypodermic injection of the mildew organism may be 
feasible. Tliis would tend to supplement the work of nature in the 
development of the disease and make possible more rapid progress. 
Results at Con-^allis offer some assurance of obtaining seedlings 
resistant to the downy mildew disease. 

Since yields of foreign types have been obviously inferior to those of 
commercial varieties, comparative yield tests of the former with 
domestic sorts have not been made. Neither have any of the foreign 
varieties proved to be highly resistant to downy mildew. 

Rasults thus far indicate that leaf, stem, cone form, and cone 
arrangement are fairly constant from year to year. Plants producing 
male or female or both types of flowers in any one year tend to be 
similar in other years though occasionally marked exceptions may occur. 

Resistance to aphids and red spider has not been found in any 
varieties or seedlings observed. Though many plants have not been 
injured, several years’ observation, as in the case of reaction to downy 
mildew, will be required to definitely detennine the stability of this 
character. 

In summary, of the iniproveinents sought, agronomic characters, 
including high yield and desirable cone type, have proved to be the 
most difficult of attainment, judging from recent experience in the 
breedii^ project. Between 15,000 and 20,000 seedlinra, of which 
approximately 3,000 have been grown to the cone-producing stage, 
liave allowed selection of fewer than 10 with records of resistance to 
mildew, high resin content, and good agronomic qualities. Most of 
these may not survive continued tests. 

It is proverbial among plant workers that varietal improvement 
usually requires consistent work over many years before great practical 
benefits can be shown. While propagation by cuttings simplifies the 
plant breeder’s job in that plants “inipure” from the hereditaiy stand- 
point may be reproduced as uniform, true-breeding commercial 
varieties, in the case of hops this advantage is counterbalanced by 
problems not usually met in such work. 

’ Based on moteture^ree sample. 
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Large Numbers Plants Needed for Effective Sdection 

Caring for lai^o numbers of plants individually during a period of 
several years requires a large area and much labor. Picking and 
drying many samples separately and the making of chemical tests also 
present physical problems. AH of these limitations mean that the 
work is necessarily slow. 

Growers of the Pacific coast have ^ shown new concern in im- 
provement problems since 1931. Of interest in this regard also 
18 the initiation of the varietal improvement project by the 
New York (State) Agricultural Experiment Station, previously men- 
tioned. 

Though European varieties have not to date proved to be adapted 
to conditions on the Pacific coast, the progress made in developing 
improved types in Europe by seedling selection offers hope for com- 
parable progress in the Unite<l States. 

Mildew Records 

An obstacle common to all breeding for resistance to disease is the 
frequent necessity of waiting for natural development of epidemics 
before plant reaction can be obtained. Downy mildew apjiears 
capriciously, and 8 to 10 seasons may be required to adequately deter- 
mine plant reaction to this disease. YiekI ami quality are variable 
characters requiring tests of several seasons’ crops. 

Methods of recording and comparing data on downy mildew reaction 
from season to season have presentwl a troublesome problem. At 
present such notes are taken at approximate weekly intervals while 
the epidemic is spreading, and plants are classified by numbers 
from 0 to 5 as representing progressively increasing numbers of 
leaves or branches infected by the disease. Comparative classi- 
fications of 2,827 plants upon which notes were taken in 1934 
and 1935 are given in table 2. The differences of reaction from 
year to year duo to variation in the development of the epidemic 
through the area are indicated.^ In 1934, for example, 294 plants 
were classified as no. 5 in reaction, or very susceptible. Of these, 
183 failed to develop symptoms in 1935. Of the 1,788 plants 
classed as 0 in 1934, 1,543 did not mildew in 1935. The data show 
that even with downy mildew generally present, many susceptible 
plants may escape infection. 


Tabi-e 2. — Doimy mUdnv, incidence in experimentnl ynrd, CmcixiIIu, Ore^., 1934-35 
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Seasonal Productivity 

Various agronomic reasons for unproductive hills were suggested by 
Bressman (/), and Stockberger { 19 ) indicatc<l certain conditions influ- 
encing yields. Attempts have been made to determine the consistency 
of yield of hop plants { 18 ) from year to year. Growers often exper>- 
ence unexplainable irregularity of development and production in yards 
usually uniform. The question has arisen also as to the possibility of 
continuously selecting from the most vigorous plants as a means of 
increasing yield by isolation of more vigorous types. Information 
is being sought that will answer these questions more completely. 

In 1934 and 1)935 hill surveys were made of 25 different marked 
areas of 100 hills each in some 15 yards, on several soil types in 
western Oregon. Plants were classed as S (strong), M (medium), 
W (weak), X (untrained — also a weak type) and O (indicating no 
plant present), at two periods in each season. A contingency table 
(table 3) shows the relations between 1934 and 1935 notes taken just 
previous to harvest. Hills designated as O in 1934 were replanted in 
the early spring of 1935. The data indicate unexpected irregularity 
in the seasonal growth and productivity of any particular class of 
plants. Frequently individuals classified as strong in one season 
may be considered ns weak or even fail to produce hops the succeeding 
year. Continuation of records may provide information serving to 
throw light on such variations. 

Table 3.— Summary comparing hUl survey of plant types, commercial yards, 

If illamette I 'alley, Oreg., I93i-35 



Production data add more precisely to the interpretation of this 

problem. Actual yields on individual pi-*'- * 

yard in 1934 and 1935 are available on the Late Clusters, Early 
Clusters, and Fuggles varieties. Correlations between yields of the 
two seasons are indicated in table 4. 
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In general a significant relation between ;yields from year to year 
is exhibited, although the correlation coefficient for Late Clusters is 
maiginal. OtAer Important Technical Studies 

Analyses of the results of artificial pollination have been complicated 
by two major problems — (1) the slow and irregular gennination of hop 
seeds, and (2) the doubtful results of bagging. Somewhat detailed 
studies have shown greatly increased and more rapid germination as a 
result of cold treatments. One of the best of the treatments used was 
placing the seeds in moist blotters in a germinator for 5 days at room 
temperature followed by refrigeration for 5 weeks at 5° C. Such pro- 
cedure has increased germination from less than 10 to over 70 percent. 
Otace seeds have germinated and plants have emerged, growth may be 
rapid. Artificial illumination has been reported by Bressman (2) as 
of value in stimulating vegetative development. 

Results of bagging and subsequent pollinations have been incon- 
clusive. Some seeds have <leveloped within and outside of glassine 
and parchment bags whether or not enclosed flowers were artificially 

E oUinated. The bags used have been tightly secured to the branches 
y paper clips. Flowers have been covered at various early stages of 
development, from the period immediately preceding the appearance 
of the stigmas through the time when they withered. Whetner plants 
form seed parthenogenically, without fertilization, or whether seed 
obtained from bagged, un pollinated flowers wUl ^w has not been 
satisfactorily determined. Thus far the possibility of incomplete ex- 
clusion of pollen from bagged flowers does not seem adequate to explain 
the results obtained. Wmge (20), Howard (5). and others, however, 
have reported the failure of seeds to set when pollen was not allowed to 
reach bagged flowers. Relations between ability of male pollen from 
different mants to cause fertilization and ability of females to produce 
seed are also being determined. Until seed formation and germination 
can be more accurately controlled, the results and the value of hybridi- 
zation will be uncertain. 

Constancy in development among varioxis plant characters from 
year to year is indicated in table 5. Fundamental information is 
needed in this respect to form a basis for plant selection. 


Tabi.e 5 . — ConsUmry oj plant vegplative characters 



Descriptive differentiation of the classifications seems unnecessary 
to illustrate the variations in vigor and type of growth from season to 
season. With the exception of colored vines, other classes are plant 
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weaknesses and therefore undesirable. Occasionally vigorous plants 
of good general type may show %ht russeting of leaves. Ragged 
plants develop tom or ra^ed leaves and flowering branches may be 
partially or entirely sterile. The type known as “witches’-broom” 
IS apparently the sterile dwarf described by Salmon (7). It is possible 
that some of the conditions listed may be pathological while others 
may be due in part to genetic factors. While detailed notes are 
available for 2 years only, a marked constancy of growth character is 
evident in certain groups. 

In dioecious species such as hops the expression of sex is of particular 
interest. Development of hop plants as to sex appears to be generally 
constant though infrequent, wide deviations apparently occur. It 
is a fairly common observation of growers that in some years more 
male plants appear than usual. 

In approximately 1,200 seedling plants in the experimental yard 
upon which notes have been taken for sex, the following deviations 
occurred in 2 years, 1934 and 1935: 

Plant! 


Change from male to female 5 

Change from male to hermaphrodite * 2 

Change from female to male 1 

Change from female to hermaphrodite 1 

Change from hermaphrodite to male. . 2 

Change from hermaphrodite to female 5 

• See footnote 7, p 1230 


Deviations may be noted in all degrees of sexual expression. Data 
are insuflicient to justify generalizations as to which transformations 
occur most frequently or to suggest possible explanations. Observa- 
tion^ of Chartschenko (3) in this respect are noted later, Salmon (7) 
has recorded relative frequencies of male and female individuals in 
seedling progenies, as well as other developmental types. 

The variation to be expected in resin analysis of hops from the 
same plants from year to year is a factor requiring careful study. 
Even though individuals are harvested at as nearly the optimum 
time as possible and alt other factors are controlled siniilarly, large 
diflerences may exist from season to season. This is illustrated in 
table 6, comparing examples taken at random from yearly analyses 
of individual plants. 


Table 6. — Sojt-i-esin contents of hops from individual seedling plants 



The data show the relative inaccuracy of analysis of a single year’s 
crop as a strict indication of plant behavior, at least for some individ- 
uals. Plants might, however, be placed in general groups as good, 
fair, and poor, with reasonable accuracy in most instances. Increased 



1236 


YEARBOOK, 1937 


experience and additional care in harvesting, drying, and packaging 
of samples will undoubtedly decrease the errors encountered. 

CONTBIBUTIONS BY VARIOUS INVESTIGATORS 

A brief review of investigated points of interest in hop breeding will 
indicate the nature of some of the problems and the facts obtained in 
other hop-growing countries. Though hops were investigated at an 
early date, comparatively little information on breeding aspects may 
be found in the literature. Reference has already been made to 
certain work. An attempt to bring together scattered supplementary 
facts and further outline the general background seems desirable. 

It was early noted that plants from seeds were variable and most 
often poor (IS). A wide range of maturity was also noted in such 
progenies (16). In addition it was recognized that new varieties 
might arise cither from seeds or from bud variations. 

Salmon (7) obtained the following results from seed progenies 
derived from controlled pollinations: 

From 256 seeds 87 seedlings were produced, of which 52 plants were normal 
and 35 were sterile dwarfs. 

From 285 seeds 67 seedlings included 66 fertile and 1 dwarf plant. 

From 261 seeds 120 plants, all of normal vegetative growth, included lOSfemales, 
111 males, and 1 hermaphrodite. 

From 899 seeds 109 seedlings included 79 normal plants and 30 sterile dwarfs. 

The dwarf plants made little growth compared to normal plants 
and failed to form flowers of any kind. Such results represent the 
expected appearance of many inferior plants in seed progenies, how- 
ever derived. Studies of three groups of seedling reported by 
Fruwirth ( 4 ) indicated the proportions of female plants to be 66, 77.7, 
and 90 percent respectively, in the progenies considered. 

Pollinated cones were found by Winge (HO) to be larger and heavier 
than those whose flowers were not pollinated. Unpollinated hops 
were observed to remain longer in the bur, and stigmas at the stem 
end were noted to appear first (5). Fertilized cones were also thought 
to mature earlier and resist mold to a greater degree than those 
unfertilized. 

In order that pollination miglit be complete, it was recognized that 
male plants must shed pollen throughout the bur period of the females. 
Pollen from hermaphroditic plants was determined to be viable and 
to be capable of fertilization (^0). Chartschenko (S) reported female 
flowers of such plants to produce viable seed. 

The impossibility of crossing two female plants has been pointed 
out, though combinations of female varietal characters in one individual 
may often be desirable. In addition it seems obvious that since male 
plants do not bear hops, their value in use as parents must be deter- 
mined with appreciable difficulty. 

As early as 1894 Stambach, cited by Fruwirth (4), planted out 
seedling hops for observation. Remy, mentioned by the same writer, 
studied resins and tannins of seedling hops in 1898. He crossed 
cultivated female varieties with wild males, crossed an Fi, or first 
generation, male of the progeny with a cultivated female plant, and 
then recrossed an Fi male of the latter progeny back to a cultivated 
female. This is a comparatively compheated crossing scheme but is 
occasionally used by plant breeders. 
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Reversals in the nature of the sexual character of hop plants have 
been reported by several workers, according to Fruwirth ( 4 ). Chart- 
schenko (5) has given examples of sexual changes. A male plant 
was described as chan^g to a normal female m 2 years, bemg a 
hermaphrodite in the third, and a normal male again in tne fourth 
vear. In another case a cutting from a female plant produced a vine 
bearing male flowers. In yet another instance two female plants 
changed to hermaphrodites. Vegetative increase of these also gave 
rise to hermaphrodites. 

Much interest has been shown in studying relations of numerous 
plant characters to the important property of resin content and other 
indications of quality. Fruwirth (4) reported high yield to be asso- 
ciated with inferior aroma, greater folif^e production, stouter strigs 
(center stem of cone), and plant longevity. Chodounski, mentioned 
by Fruwirth, thought coarser hops to be characterized by inferior 
hairing, lack of uniformity in strength, abnormal structure, and 
other characters of the strig. Sutora, cited by the same writer, 
concluded that a coarser strig and darker green color of the hop is 
associated with a lower tannin content. According to Fruwirth, 
finer hops were thought by Wagner to have smaller bracts and a 
smaller bract area. Percival (6) pointed out that delicacy and weak- 
ness of cones were often met with m hops of the best quality. Salmon 
has indicated that a theoretically choice English hoj) might combine 
high Mft-resin content with the aroma of present English or Saez 
varieties (S). He stated that total resin contents remain fairly con- 
stant from season to season in varieties generally (5). Chartschenko 
(S) reported that Russian work had failed to establish any female 
characters as being associated with resin content. Within varieties 
no significant relation was found between resin content and yield of 
green hops or earliness of ripening, or in most cases between earliness 
and yield of green hops. Appreciable variation was found as to resin 
contents between vegetative selections within varieties. Results of 
analyses of male plants in which resin contents varied from 1.77 to 
3.48 percent were given. Attention was directed to the importance 
of this in view of the fact that the male contributes half the inheritance 
of the progeny in this and other characters. 

It has been accepted that variety has more to do with resin and oil 
content of hops than soil or locality. Other factors that influence 
these characters are climate, fertilizers, maturity, diying methods, and 
seed content. The aroma of certain types of American hops has been 
compared with the odor of turpentine, black currant leaves, onions, 
rue, and apples, and therefore said to be inferior to that of European 
hops (8). Resin content {14) and aroma (16) have been found to be 
inherited traits and progeny plants may exceed the female parent in 
these important attnbutes. 

In one instance of a cross, the aroma of an Oregon female plant was 
exhibited by about three-fourths of its progeny. Aroma has been 
shown to be transmitted through the male, by the same investigator 

^ Characters recognized as constituting differences among varieties 
have included vine color and length of intemodes; maturity, arrange- 
ment, and form of strobiles; color, number, and form of leaves; leafi- 
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ness in proportion to cones and stems; and relative dry weights of the 
cones. Though variation seemed less marked in males, they were 
found to be generally as variable as female plants {22). 

American varieties introduced into England have proved to be 
unsuited there and it has been concluded (5) that introduction of 
foreign varieties has little value except for use as parents in obtaining 
superior seedlings. This may represent the major value of varietm 
introductions made into the United States. 

Since the appearance of downy mildew in European hop culture, 
attention has been directed to varietal response to this and other 
diseases. Salmon {0) has reported many of these results, which 
eventually have served to classify all varieties as mildew-susceptible 
though in varying degrees. Saa/. hops, at first thought to be immune, 
mildewed in 1932. Fuggles is <»ne of the most resistant types, but 
both leaf and cone infection have occurred. Some strains may be 
resistant to cone infection. Many of the most resistant sorts are now 
in commercial use. Salmon {10) has also observed certain varieties 
and seedlings to be resistant to blue mold. 

In England the "mosaic disease”, so called because of its mottled 
coloring effects on the leaves, affects all hops except the varieties 
Fuggles, Tolhurst, and Colgate. Nettlchead and chlorotic diseases 
have been found only on Fuggles (8). In 1926 mosaic disease was 
serious in Yugoslavia. Mosaic disease, nottlehead, and the chlorotic 
diseases are virus ® troubles not generally reported from hop-growing 
countries. 

Crossing expieriments with hops have been carried out in most 
European countries since 1900. Hybrids between Humvlua neo- 
mexicanus and IT. Ivpvlus have boon reported {11). Imperfectly 
formed seeds of IJ. lupulm and 77. japonieus have been obtained {20), 
but those have failed to produce jilants. 

Cytologic investigation has received little attention to the present 
time^ though Wingc {20, 21) has studied the genus Humvlus in some 
detail. Chromosome numbers in 77. lupvlus have been found to be 
20 in the vegetative cells (diploid). These have been designated as 
18+2X in the female and 18-|-X-|-Y in the male. In H. japonieus 
17 have been assigned to the male (14-t-3X) and 16 to the female 
(14-}-2X) {21). 

Absence of more complete information on inheritance of plant 
characters is undoubtedly due to the sexual nature of the hop species 
and attendant problems in obtaini^ satisfactory progeny tests. 
As previously mentioned, the situation approaches that in higher 
animals. 

Breeding I^ogram Slow But Promising 

Isolation of improved varieties of hops resistant to downy mildew 
and otherwise superior to present domestic sorts appears to be reason- 
ably practical . Present obiectives in hop breeding are well recognized 
and methods of reaching uesirable ends are in tne process of estab- 
lishment. Results obtained in England indicate promise for consistent 
investigation. Hop breeding experiments initiated at Wye, Kent, in 
1907 have resulted in significant improvements of the English crop. 
Salmon {12) has recently annoimced the development of two valuable 

• An infectious principle not recoKulied as due to a particular orKanism, but capable of causinK disease. 
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new varieties, Brewer’s Favourite and Brewer’s Gold. The first of 
these is a seedling originating in 1909 from a plant of Oregon Cluster 
(probably Late Clusters) introduced into England, and ft has been 
tested extensively since that time. Brewer’s Gold is also a seedling, 
fmt raised in 1919. These varieties are high yiclders, producing cones 
rich in soft rosins and otherwise acceptable to both brewer and grower. 

Based upon breeding investigations with crops of other kinds as 
well as hops, continued experimentation will be necessary if progress 
is made such as has been reported in other countries. The breeding 
project requires observation of numerous plants in comparative field 
and chemical tests over a -long period. 
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APPENDIX 


Workers and Stations Concerned with Varietal Improvement in 
Hops and Hop Breeding " 

R. E. Alexander, Canterbury Agricultural College, Lincoln, New Zealand. 

A. Arkhangeleky, Plant Breeding Experimental Station, Moscow Agricultural 
Academy, Moscow, Union of Soviet Socialist Republics. 

■I No impllcitlon Is made that this list is complete, since it is based in the main on oonespondence with 
toniru workers. 
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Edmond Gain, University of Nancy, Nancy, France. 
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W. Lang, Landes Anstalt fur Pflanzenschiitz, Hohenheim, Germany. 
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E. S. Salmon, South Eastern Agricultural College, Wye, Kent, England. 
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IMPROVEMENT OF 
FOREST TREES 


ERNST J. SCHREINER, Forest 
Geneticist, Northeastern Forest 
Experiment Station, Forest Service 


Jt^ ORESTRY is a young profession. In comparison to agriculture, 
it has just been born. Under pressiire of necessity, farmers were 
breeding crop plants long before genetics supplied the key to many of 
the mysteries they encountered; but the natural products of the forest 
wore plentiful and were taken as needed, without thought of artificial 
replacement. Until very recently, indeed, oven foresters liave been 



Fiffire 1 . — A ''man-made forest” of slash pine in southeastern Louisiana. The 
artificial regeneration of cut-over lands on such a large scale emphasizes the need 
for guidance from sound genetics work in the improvement of forest trees. 

content to utilize wild trees as they were found. This lack of interest 
in the improvement of forest trees has been due both to the lower unit 
value of the stock and to the greater difficulties involved in breeding 
work. 

Various factors have been responsible for a gradual change in atti- 
tude within recent years. The rapid recession of the timber supply 
accessible tb established wood-using industries,’ the inferior quality 
1242 



FOREST TREES 


1243 


of much of the ^cond-growth wood; more stringent quahty require- 
ments in the finished^product to meet the competition of other manu- 
facturers or of substitute products, necessitating uniformity or im- 
provement in quality of tlie raw wood material; the denudation of 
forest areas by uncontrolled commercial exploitation and the necessity 
for having them restocked and managed by public agencies in the 
public interest (fig. 1); the urgency of soil conservation on nonagri- 
cultural lands — all these have played a part in exerting pressure for a 
more intelligent attitude toward the forest problem as a whole, and 
the exploration of any possibilities that might be promising. 

The tree breeder, then, has just begun to roll up his sleeves. In 
comparison with his confreres who deal w'ith the older agricultural 
crops, his attitude is one of humility; he is only at the beginning and 
he has much to learn. But on the other hand, because his work is all 
before him, he sees infinite possibilities ahead for the improvement 
of forest trees by breeding and selection. 

This should be kept in mind by the reader as he peruses the follow- 
ing brief account of the present status of breeding work with forest 
trees. In various parts of the world, consi<lerable necessary spade- 
work has been and is being tlone. Much of it might not be called 
either genetics or breeding by those who have become facile in dealing 
with the smaller, fpiicker maturing crop plants. Nevertheless, this 
spadework will be of great value to forest-tree improvement, and it is 
essential to the building ^xp of a science of forest genetics. The ap- 
pendix gives a concise summary of most of the work relating to forcst- 


UNTIL very recently, foresters have been content to utilize wild 
trees as they were found. There has been a gradual change in view- 
point, brought about by the same factors that have exerted pressure 
for a more intelligent altitude on the part of the public toward the 
forest problem as a whole — the depletion of the timber supply ac- 
cessible to established tvood-tvorking industries; the inferior quality 
of much of the second-growOi wood; more stringent quality require- 
ments in the finished product; the denudation of forest areas by un- 
controlled commercial exploitation; the urgency of soil conservation 
on nonagricultural land. Today foresters are eager to explore any 
possibilities that mig^t be promising, and tree breeding seems to be 
one of the most promising. In comparison with the breeder of the 
elder agricultural crops, the. tree breeder has just begun; his attitude 
is one of humility; but because his work is all before him, he sees 
infinite possibilities ahead. In various parts of the world mu<h 
necessary spadework is now being done to lay the foundations of a 
true science of forest genetics. 
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tree breeding now being carried on by public and private agencies in 
the United States, and some of the work being done in foreign coun- 
tries. 

The imjirovement of any wild stock should logically begin with (1) 
a segregation of varieties, races, and strains of the wild population. 
It should then proceed to (2) the evaluation of the characteristics of 
each group, (3) the selection of the best indiviiluals in each of the best 
strains, (4) breeding and selection, which controls both parents and 
utilizes the best germ plasm available in these wild stocks, and, finally, 
(5) the production of decidedly new types by hybridization and by 
advantageous use of induced or natural changes in the normal number 
of chromosomes (polyploidy). The improvement of forest trees 
strictly along these lines woidd require extensive investigation and 
planting over many years. Fortunately, all five phases can well be 
carried on simultaneousl 3 ^ 

STUDIES OF SEED ORIGIN -SPECIES, VARIETIES, 
RACES, STRAINS 

For more than 60 years investigators have recognized the importance 
of seed origin, for which the term “provenience,” meaning origin, is 
often used. The importance of races and strains of forest species 
first became apparent in Europe, where artificial regeneration of 
forest stands has been in progress for a much longer period than in 
the United States. European forcstem began to realize that constant 
and important variations appeared between progenies from seed 
obtained in diflerent regions. For example, in ^Sweden, Scotch pine 
grown from European seed often produced trees of very inferior forest 
form. Careful study indicated that proper selection of the seed 
source was necessary for the production of a desirable type of growth 
and an economically profitable stand. These investigations have 
led to fairly well controlled seed certification in some parts of Europe. 

Forest research stations in the United States (fig. 2) have also been 
interested in this problem of seed origin (fig. 3) and experimental 
plantations were started over 20 years ago at several western stations. 
Test plots established at the Pacific Northwest Forest Experiment 
Station in 1915, with seed of Douglas fir^ have already given valuable 
data on the existence and characteristics of various strains within 
this species. Seven apparently superior strains of ponderosa pine 
have been segregated at the Northern Rocky Mountain Forest 
Experiment Station from test plots established 23 to 27 years ago. 
Work at these and other stations is described in the appendix. 

The establishment of the Eddy Tree Breeding Station (now the 
Institute of Forest Genetics, California Forest and Range Experi- 
ment Station)’ in 1925 initiated a prmect for the intensive study of 
various problems in forest genetics. ^ Extensive tests at the institute 
include 100 species and named varieties of pine (the genus Pinna) and 
innumerable climatic forms of many of these species. The seed has 

' Tlw Kddy Tree Breeding Station was originally founded and flnanoed by James Q Eddy at Plaoervllle, 
OeUt III BBl, tte station was incorporated and deeded to a board of trustees, the name being changed to 
tiM Instltate of Forest Oenetics Between the years 1931 and 1038 the Institute received aid from the Car- 
Mgto Institution and the U. 8. Department of Agriculture (Bureau of Flant Industry, Soil Conservation 
Mrrloe. and Forest Service). On July 1, 1038, Congress granted funds to carry o- ork in forest genetics 
at the OallfiMmia Station and in this year the property of the institute was deeded to the Federal Oovem- 
niMlt and became p«ut of the Callfomla Forest and Range Experiment Station. 



FOREST REGIONS COVERED B/THE FOREST EXPERIMENT STATIONS 


FOREST TREfJS 



-RcKions covered by the forest experiment stations of the Forest Service and the principal timber 
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been obtained from approximatycly 40 countries. In addition to the 
work with Finns, 35 species of conifers, representing 17 genera, and 
20 species of hardwood trees, representing 13 genera, have been in- 
cluded in this project, which at the present time is apparently the 
most comprehensive program of this nature in the United States. 
Valuable data have already been collected from these plantations. 



Figure 3 . — The importance of seed origin is shown hy these 5-year-old Scotch pines. 
The tree on the left, of central Euro|iean origin, has inherited rapid growth but a very 
poor and ultimately unprofitable growth habit. That on the right, from seed collected 
in Norway, has grown more slowly but will develop into a good forest tree, 

and the institute will undoubtedly evaluate superior germ plasm for 
the breeding and selection of superior forest stocks. 

Briefly stated, the investigations in connection with the problem 
of seed origin have shown that in njany, if not all, important forest 
species there are rather distinct races and stniins that differ in their 
hereditary response to a given complex of environmental conditions. 
Such races and strains probably have been evolved in response to 
the environment peculiar to their original habitat. Although the 
best reforestation results in any particular region can usually be 
expected from seed collected locally, or from a region in which the 
seed trees have been subjected to apparently similar environmental 
conditions, there are enough exceptions to tins generalization to indi- 
cate that a great deal more investigation is required before the in- 
herent adaptability of races and strains can be accurately cataloged. 

INDIVIDUAL SEED-TREE PROGENY TESTS 
iNDiYipuAL seed-tree propny tests resulted from the realization that 
seed origin tvas of tremendous importance to the forester in considering 




Figu > 4 . — Individuals of ponderosa pine growing in the same stands show inherent 
differences in vigor of growth. These two 7-year.old trees are from wind -pollinated 
seed collected from different seed trees in the same field plot in Eldorado County, 
Calif. The sister seedlings of both these trees were uniformly more vigorous than those 
of the slower growing pine of figure 5. 

trees. Recognition of only the female parent w as involved, since most 
of the important forest trees are wind-pollinatctl, and the source of 
the pollen that had fertilized the seed was necessarily unknown. 

A number of European institutions are now engaged in individual 
seed-treo progeny tests. Oppermann, in. Denmark, was ainon^ the 
first to insist on the necessity of carefully selected seed trees. Nicolai 
of Danzig, in particular^ has stressed the importance of this problem 
and has started work with several forest species. ^ 

In the United States, many of the forest e.\penmcnt stations have 
included individual seed-tree progeny tests in their research program. 
The Rocky Mountain Station has located individual trees of the 
ponderosa pine which are apparently mistletoe-resistant and has 
Lgun individual progeny tests with seed from these trees. Mistletoe 
infection often seriously retards the growth rate m this region and on 
the poorer sites often results in high mortality. Individual seed-tree 
progeny tests with green ash at the Ijake States Station indicate that 
there arc inherently different climatic races within this species. 
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An extensive progeny tost was started in 1929 at the Institute 
of Forest Genetics with 742 individual seed trees of Pinus ponderosa 
(ponderosa pine) and its varieties scopulorum and jefreyi (Jeffrey pine) 
Results to date indicate that there are apparently innumerable local 
strains, each with distinct mor- 
f phological and physiological char- 



Figurr 5 . — Tliis ireo ia typical of the tom* 
paratively slow growth of the British Co- 
lumbia strain of ponderosa pine. Compare 
it with the more vigorous trees of the same 
age shown in figure 4. Racial dinerenres 
are clearly indicat<‘d. 


acteristics, and that individual 
trees vary strikingly in their abil- 
ity to produce superior seedlings 
(fig. 4) . This test included seed 
(.rees from 60 counties in 12 West- 
ern States and British Columbia 
(fig. 5). A more intensive prog- 
eny study, restricted to Eldorao 
County, Calif., where types with 
the greatest hereditary vigor 
seemed to occur, was started with 
the 1934 seed crop. The insti- 
tute is also testing the individual 
seed progenies of 16 species and 
natural hybrids of walnut. 

^ The results obtained from indi- 
vidual seed-tree progeny tests 
indicate that individual trees, 
growing under the same environ- 
mental conditions, vary greatly 
in their ability to produce good 
offspring and that it is therefore 
necessary to establish criteria for 
the recognition of heritable quali- 
ties. Adequate information for 
the description of good seed trees 
is not available at present.^ 


IIYJIKIDIZATION OF FOREST TREES 
Numkhous natural hybrids have been observed from time to time and 
the parentage of some of these has probably been accurately ascer- 
tained. Among such natural hybrids the following may be noted: 

Larix eurolepis ’ (Dunkold larch) from L. europaeaXL. kpiolepia 
L. gmeliniXL. Kaempferi. 

Pinna aondereggii from P. palualria (loiiglcaf pine)XP. taeda (loblolly pine). 
P. halepenaiaXP. pinaster. 

P. nigraXP. aylvealris, 

P. monlanaXP. aylvealria. 

P. monlanaXP. nigra. 

Picea aitchenaiaX P. canadenaia. 

P. engdmanniiX P. canadenaia. 

Salix coervla (cricketbat willow) from S. aUtaXS. gracilia. 

Ulmna glabraX U. montana (Huntingdon elm), 

Quercua cerriaXQ, auber (Lucombo oak). 

Royal walnut hybrids (eastern black walnut X various California black walnuts). 
Poplar hybrids (Eugenei poplar, Serotina poplar, and others). 

> Additional Information on individual soed-tiee progeny testa Is 
* Species namesbave too often been applied to hybrids between tree species 
donee existing as a olncleaex. Hybrids ore not spedea and naming them as 


od in the appendix. 

i; in the ease of poplars, to hybrid 

such can only leeid to confusion. 
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Many of these hybrids grow more vigorously than cither of their 
parents^ and in some instances otlicr valuable properties or char- 
acteristics have boon noted. For example, the Dunkcld larch is 
said to be resistant to the larch canker, and the wood of the cricketbat 
willow is said to bo particularly well adapted to the manufacture of 
cricket bats. ,, 

J’i\RLY WOHK 


If possible, tree breeding should begin with stock that has been 
selected on the basis of its breeding quality (superior germ plasm), 
but since 1845 investigators have been interested in the possibilities 
of hybrids between species of forest trees, primarily because of the 
fact that species Jiybrids often surpass their parents in vigor of growth 
(so-called hybrid vigor). Klotzsch * is generally considered to have 
producetl the first artificial hybrids between forest-tree species. In 
1845 he hybridized two species each of pine, oak, elm, and alder, and 
observed that the resulting hybrids possessed growth characteristics 
superior to their respective parents. 

Sporadic attempts to hybridize forest-tree species continued over 
many years. Ness,^ working at the Texas Agricultural College, 
produced a few hybrids between the live oak and the overcup oak in 
1909, and a limited amount of bre.e<Ung appears to have been con- 
tinued at this station. Henry, working in Englaml, produced several 
fast-growing poplar hybrids and in 1916 published a paper on the 
possibilities of obtaining rapid-growing forest stock by hybridiza- 
tion. Since 1916, there have been a number of publications discussing 
various aspects of the possibilities of hybridizing trees. The loss of 
our native chestnut through the introduction of the Asiatic chestnut 
blight stimulateil interest in breeding this group, and as a result 
W. Van Fleet, of the United Sta^ Department of Agriculture, 
carried on breeding work with American and Asiatic chestnut species 
in an effort to produce an immune or resistant timber type. 


Recent Wohk 


The chestnut-brccdiiig w’ork started by Van Fleet has been con- 
tinued and expanded by the Division of Forest Pathology, Bureau of 
Plant Industiy. Selections have been made from the most promising 
forest strains of the Chinese haiiy chestnut, Castama mollissitna, 
and of forest types of the Japiuieso chestnut C. crenata. First- 
generation hybrids between Asiatic and American species are usually 
remarkable in vigor, ordinarily excelling all other hybrids in this 
respect. Selective breeding has also been directed toward the 
development of small-sized nuts useful in mast production on trees 
that might be grown in soils not well adapted to either orchard 
or forest planting. 

The first comprehensive project in hybridization within a tree 
genus was started in 1924 by the Oxforil Paper Co., Rumford, Maine, 
m cooperation with the Now York Botanical Garden, New York, 
N. Y. The primaiy purpose of this work was to produce new poplars 
valuable for pulpwood reforestation (fig. 6). This work has been highly 
successful. A total of about 13,000 hybrid seedlings was obtamed 
from about 100 different cross combinations between 34 different 


•See BlbUosraphy, published In the Yearbook geparata of this article. 



1250 


YEARBOOK 1937 



Figure 6 . — The Strathglaw ixipjor, one of the selected hybrid poplars produced by the 
(^<Kd Paper Co., after 7 years of growth in the field. This tree is approxima^y 7 
inches in diameter and 37 feet tall. It is rather heavily branched, but the branches 
are and should offer no difiBculties to the use of the wood for soda pulp. 
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species, vanoties, and hybnds of poplars. The parents included 3 white 
poplars, 6 aspens, p black poplars and cottonwoods, and 9 balsam 
poplars or hybnds belongmg in this group. Many of the new hybrids 
appear especially promising because they surpass the older hybrids, at 
least duiing the first 8 years of their life, in rate of gwwth, resistance 
to disease and climatic conditions, and habit of growth (fig. 7). 



Fig/ire 7 . — Thai wrll-direncd breeding can produce treea immune or highly reeiatant 
to tree diseases is demonstrated by these two poplar hybrids. The picture was taken 
in early September. The trees at the right, without leaves, are members of a clone 
which is highly susceptible to Melampsora rust disease. The trees at the left, in full 
leaf, are mendters of a hybrid clone that is much more resistant to this disease. 
These hybrids arc the same age and have the same female parent but different 
male parents. 

Breeding work was undertaken at the Institute of Forest Genetics 
in 1925 and the institute has now approximately 60 hybrid seedlings 
involving 8 pine species and varieties as parents. 

In 1930 the Biooklyn Botanic Garden, Brooklyn, N. Y., initiated a 
project for the breeding of chestnut, to produce hybrids that would 
combine good forest form wdth immumty to the chestnut blight. 
Some of the hybrids thtit have been produced give promise of excellent 
timber form and resistance to the dise^. 

The most recent large-scale breeding work was imdertaken _ by 
the tree cropainit of the Forostiy Division, Tennessee \ alley Authority, 
Knoxville, Tenn., to develop trees that will combine good timber 
qualities with the production of annual crops of fruit (nuts, ncoms, 
berries) of high quality and quantity. _ Such trees are to be iised in 
tree-crop plantings, whore the fruits wdll produce an annual mcome 
and the mature trees can be harvested for lumber or chemical wood. 
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The work of the Tennessee Valley Authority is of special interest 
because it aims at an annual income for the forest or wood-lot owner. 
For example, a stand of oak that wUl produce a large quantity of 
acorns will probably more than pay its way to maturity by the hog 
feed they provide, and if this production can be combined with 
excellent timber quality, forest planting to prevent soil erosion will 



Figure 8 . — Artificial hybrids between longleaf and slash pines produced at the South- 
ern Forest Experiment Station showwide variation in susceptibility to brown spot (a 
needle disease of longleaf pine) in the same plantation: A, A 3-year-old hybrid seed- 
ling, highly susceptible to brown spot, has lost all of its older needles; B, another 
hybrid of the same age, is relatively free from the disease and shows superior 
growth and vigor. 

be profitable to many southern hill-farmers. Improvement of our 
best annual-crop trees by hybridization and selective breeding will 
be essential to the successful and profitable combination of tree 
crops and forestry on marginal and nonagricultural farm lands. 

At the present time the N or theastern Forest Experiment Station, N ew 
Haven, Conn., is starting a project in forest genetics directed toward the 
improvement of forest trees in the Northeastern region. It is expected 
that the jprogram will include practical and fundamental research on 
seed origm, progeny tests, selective breeding, and hybridization. 

Numerous other investigators in recent years have hybridized 
species of forest trees to a limited extent. At the Southern Forest 
Ei^riment Station, New Orleans, La., hybrid seedlings of Pinus 
palustria X caribaea (longleaf and slash pines) were obtained in 
1929 (fig. 8), and also hybrids between P. ionoAreggeri (itself a hybrid) 
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and P. ^alustris and P. taeda, respectively. Workers at the Rocky 
Mountam Forest and Range Experiment Station, Fort Collins, Colo., 
have successfully crossed individuals of a strain of ponderosa pine 
that is apparently immune to mistletoe. At the Petawawa Forest 
Experiment station, Petawawa, Ontario, Canada, red spruce and 
Norway spruce were successfully hybridized in 1932, and in 1936 
Popvlus canescena was crossed with P. tremvloides in an effort to 
obtain a hardy aspen hybrid combining the wood characteristics 
required for match and veneer wood with resistance to heart rot. 

Breeding of forest trees is also being stressed in Europe. Larsen, 
in Denmark, has been carrying on rather extensive breeding studies, 
especially from the standpoint of self-pollination, and has published 
his results^ in some detail. Von Wettstein, in Germany, has been 
interested in the hybridization of poplars, particularly for the produc- 
tion of trees especially suited to matchwood production. He has 
developed and described a method for the maturation of hybrid 
seed in artificial nutrient media. IJese, at Ebcrswalde, Germany, 
working with Pinus montana (Swiss mountain pine) and P. sylvestris 
(Scotch pine) failed to obtain hybrid seed between these species, 
which are considered to produce natural hybrids quite frequently. 
This failure, he concludes, may have been due to lack of “crossibility” 
between the particular strains used, and the use of other individuals 
might give positive resulte. 

In addition to those strictly forest species, considerable breeding work 
has been done with various nut trees, such as the walnut, of which 
exceedingly vigorous hybrids are now in existence. This work is 
described in the article on nut-tree breeding elsewhere in this Yearbook. 

The outstanding improvement apparent in natural and artificially 
produced hybrids between forest-tree species amply j ustifies particular 
effort in this direction. 

VEGETATIVE PROPAGATION 

Vegetative propagation will be of great value for the immediate 
utilization of exceptionally promising natural or artificially produced 
forest trees. The rapid improvement of horticultural trees has been 
possible because any now and improved type, hybrid or otherwise, 
could be immediatoly multiplied as a clone by grafting, budding, or 
other forms of vegetative propagation. With forest trees such as the 
poplars and willows, whicn can bo propagated^ by cuttings, the tree 
breeder can utilize exceptional hybrids immediately with the assur- 
ance that the individual members of such a vegetative clone will 
exhibit the same inherent characteristics as the original tree, except 
for mutations in the body cells of various parts of the tree. These 
ordinarily occur so rarely that from a pr^tical standpoint they are 
unimportant. By such methods it is possible to retain any excelleiR 
characteristic such as hybrid vigor — the exceptionally rapid growth 
often inherent in first-generation hybrids — or any new character that 
is due to an unfixed combination of complementary genes. Few forest 
trees, however, can be commercially propagated by cuttmgs, ^d 
although many species can be propagated vegetatively by grafting, 
budding, or layering, these methods are not feasible at pr^nt localise 
of their comparatively high cost. It is essential to find cheaper 
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methods of vegetative propagation if select hybrids or strains are to be 
multiplied and utilized immediately for forcstation planting. 

A POSSIBLE APPROACH 
TO THE IMPROVEMENT PROBLEM 

Seed Origin and Individual Seed-Tree Progeny Studies 
A SEARCH of the literature may leave the impression that investiga- 
tions in the past have too atroAgly stressed the subject of seed origin 
and seed-tree selection, and that the improvement of our forest trees 
along these lines will be exceedingly slow. But from the standpoint of 
immediate reforestation requirements, seed-origin and progeny studies 
are of the greatest importance if the errors responsible for the poor 
quality of many of the early European plantations are to bo avoided. 
According to Baldwin, approximately 25 percent of the forest stands in 
Germany are inherently so poorly adapted to their environment that 
the Government has ordered clear cutting to prevent their regeneration. 

A program for the improvement of our forest trees that is concerned 
with the immediate needs of general forestry may well contemplate 
studies on seed origin, delineation of races and strains of species and 
varieties, individual seed-tree progeny studies, and adaptability of 
exotics on a larger and more intensive scale tlian in the past. Al- 
though such studies are especially necessary to determine the best 
races or strains for forestatioii, the data derived from them will also 
bo of great value for improving tlio inherent qualities of natural forest 
stands by silvicultural methods. Criteria for the selection of good 
breeding stock, that is, for differentiating environmental and heredi- 
tary characteristics, are essential to good silvicultural practice in our 
natural stands. Improvement cuttings, thimiings, and especially 
selective logging, are_ probably the forester’s best approach to mass 
selection, which will improve the inherent quality of our wild forests 
in direct proportion to the ability of the silviculturist to identify the 
select stock and leave it for seed purposes. 

There is evidence that in our forest tree.s many valuable inherent 
characteristics are still to be discovered and isolated. A list of char- 
acters in which differences between individual trees of the same 
species have been reported as apparently hereditary is included at 
this point, because it indicates the range of hereditary variation and 
the possibilities in selection from our present wild stocks. 

Rapidity of growth. 

Growth habit. 

Crown and stein form. 

Leaf size, form, and color. 

Growth mriods. 

Nut qualities and length of catkin. 

Yield and composition of resin. 

Proportion of resin adhering to faces as ‘‘scrai)e.” 

Color and correlated quality of wood. 

Fiber length in wood. 

Physical and chemical properties of wood. 

Twisted grain in wood. 

Resistance to frost, heat, light, and snow. 

Resistance to disease and mistletoe. 

Resistance to insects. 


t This xsbn to tbsgum adhering to the wood exposed in turpentining, reducing the final yield appredahly. 
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These characters include not only tlioso that are desirable from the 
standpoint of tlie forester (the producer), such as rapid growth and 
resistance to climatic conditions, disease, and insects, but also quali- 
ties important to the consumer, such as straiglitness of trunk and 
properties of the wood. Selection must be based on the requirements 
of the g^o^\er and the requirements of the user— so-called forest 
requirements and use requirements, respectively. 

The silviculturist must look to the forest geneticist for possible 
correlations betvvecn readily recognized characteristics of the indi- 
vidual tree and its capacity for producing desirable progeny. Such 
correlations, even though they are only approximate, will be of great 
immediate value. This is especially true because the forester, man- 
aging a natural stand under a proper selection system, usually has an 
overabundance of seedlings, only a small percentage of which will be 
brought to maturity. If selection is for vigor of growth, the inher- 
ently vigorous imliyiduals will normally take the lead and should make 
up a, large proportion of the final crop. If other characteristics or 
qualities are desired, the forester using a selection system lias oppor- 
tunity to rogue his stand with each cutting or thinning^ and unde- 
sirable individuals can be eliminated as their mature qualities become 


apparent. 

Since the recognition of inherent quality is a key to the improvement 
of vast forest stands which for various reasons, such ns inaccessibility 
or difficult environmental conditions, are not adapted to intensive 
forestry, well-planned investigations on this problem are justified. 
Much of the groundwork will not be strictly geneticii. It will first be 
necessary to define clearly the de.sired characteristics or qualities. 
The relative desirability of particular qualities or characteristics will 
depend upon many things, including the species; the locality where 
it IS to be grown; the purpose for which it is grown — watershed pro- 
tection, soil-erosion control, tree crops or wood; and probable utiliza- 
tion — lumber, chemical wood, etc. 

After the desired characteristics have been defined, methods for 
their accurate description or measurement must be devised. If 
measurement is not possible, then descriptions that w-ill adequately 
bring out existing differences should bo available. Rapidity of growth, 
usmuly a most important consideration in forestry, is easily measured. 
Measures for resistance to disease, insects, and climatic conditions will 
be fairly easy to develop. On the other hand, tree form or branching 
habit, very important from the standpoint of lumber quality, has been 
much debated but seldom adequately described or measured. Wood 
quality is even more elusive; “test-tube” methods for determining 
me physical and chemical qualities of wood are urgently needed. 
Tests tnat require cutting down the tree cannot be used to advantage 
by the forest geneticist, since a felled tree obviously cannot be used in 
breeding. f • v. ^ 

The progeny test is the generally accepted measure of inherent 
(breeding) quality. As applied to forest trees the method usually 
involves knowledge of the female parent only, since the seed is set by 
open pollination. Seed is collected from selected seed trees and the 
performance of the progenies of the individual seed trees is used as a 
criterion of breeding quality. This method eliminates the expense and 
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time involved in making controlled pollinations (fig. 9), but since the 
male parent is unknown the results must be interpreted with caution 
and can never provide exact genetical data on the mode of inheritance. 
This one-parent method may provide partially correct answers some- 
what earlier than more exact methods, but a careful analysis of individ- 
ual seed-tree progeny tests, which have been under way for a period of 



Figure 9 . — Controlled pollination technique developed for work with pines at the 
Institute of Forest Genetics. A finely woven canvas bag with transparent window is 
placed over the flowering branches before the female flowers come into bloom. The 
Bulphurlike pollen of the desired species of pine is placed in the barrel of a hypodermic 
ne^le and injected into the hag containing the ovulate flowers. The transparent 
window in the bag enables the operator to determine when the flowers are in the 
receptive stage and ready to receive the pollen. 

years, will bo highly desirable before further extensive trials of this 
kind are started. 

Progeny tests involving full control of parentage are reguired to 
provide accurate data on heritability and mode of inheritance of 
particular characteristics. With this method both the male and the 
female parents are known. Self-fertilization, where possible, will be 
the quickest method of evaluation, but it is to be recognized that 
selfing in plants that naturally cross-breed often leads to degenerate 
lines, with loss of vigor. Tlus must be considered in pure line breeding 
with forest trees which are apparently continually cross-pollinated. 

Selective Breeding and Hybridization 
Improvement by selection of the best individuals or strains from the 
wild stock is limited in scope. This procedure can hardly result in 
improvement of our best forest trees in the strict sense of the word, 
since the essence of the selection process is a sifting out of undesirable 
types and a segregation of the best strains already in existence. 
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Hybridization and selective breeding aim beyond this point and 
attempt to develop new types, which combine the desirable charac- 
teristics present in two or more individuals often widely separated 
geographicallv and sometimes racially. This possibility can be demon- 
strated in the hybrid progeny of a controlled cross-pollination, 
carried out at the Institute of Fore,st Genetics, between Pinus atten- 



Fiffirc 10 . — Hybrids of knobcone and Monterey pines combine the frost resistance of 
one species and the vigor of the other. The short tree on the right represents the 
hardy but slow -growing knobcone pine. Beyond it are two trees of the badly frosted 
hut rapid-growing Monterey pine. On the left are three hybrids of these two species. 
They have about the same vigor as their pollen parents, the Monterey pine, and are 
practically as hardy as their seed parent, the knobcone pine. All trees are 1 years 
old from seed. 

uaia (knobcone pine) and P. radiata (Monterey pine), which combine 
the rapid growth of tlie pollen parent w'ith the frost resistance of the 
seed parent (fig. 10) ; or in the Dunkeld larch, which is said to combine 
the excellent growth qualities of the European larch with the resistance 
to larch canker inherent in its Japanese parent. Cross-breeding inay 
also result in the creation of entirely new characteristics, the e.xpression 
of combinations of genes that would never occur under natural condi- 
tions. As has already been said, hybridization and breeding have 
infinite possibilities, but they are only at their beginning in forestry. 

A proper appreciation of breeding methods must be based upon 
the realization that the plant breeder is concerned with individual 
plants; that particular characteristics or qualities of the individual 
are of primary importance; and that the factors or combinations of 
factors in the germ plasm, which are responsible for the particular 
characteristics, are the raw materials that the breeder must shape 
into his ideal plant. With this in mind it is obvious that the most 
rapid progress in forest-tree improvement necessitates accurate 
information on the expression and behavior of the hereditary units 
in our various forest-tree species. 

Mass Selection 

In mass selection, groups of plants with more or less uniform charac- 
teristics are permitted to intercross. Close control of parentage is 
impossible, and gradual improvement results from contmued selection 
of breeding stock on the basis of apparent quality. Improvement is 
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usually rather slow and tlie method does not provide aecurato data 
that can be utilized for further breeding. The results attained depend 
to a considerable e.xtent on the jutlgment of the breeder in selecting 
seed plants, and especially on his ability to distinguish between the 
elfects of heredity and of environment. As noted previously, for the 
present this method seems best adapted to the improvement of natural 
stands that are to he handled uinler a selection system. 

One-Parent Progeny Tests 

The evaluation of the inherent quality of an indivudiial tree on the 
basis of the pmgenv derived from uncontrolled pollinjition has already 
been discussed. 'The fact that only the female parent is known and 
that the unknown male parent has contributed half the germ plasm 
of the progeny considerably restricts any interpretation of the results. 
The method can probably be recommended only for preliminary survey 
purposes or where personnel is inadequate for the application of a 
more accurate procedure. 

Pedigree Breeding Within and Between Varieties, 
Species, and Genera 

Pedigree breeding with full control of parentage has been described 
in many of the articles in this and the 1936 Yearbook of Agriculture. 
Here both parents are known, and the progeny derived from selfing and 
from well-planned crosses provide an accurate measure of the respec- 
tive parental germ plasm. Investigation by this method will not only 
determine which characteristics are inherent^ but will also indicate the 
mode of inheritance — information that is indispensable for far-reaching 
improvement by intensive breeding and hybridization. The following 
discussion indicates pedigree methods applicable to forest trees. 

Pure-line breeding, by selfing, is usually the most rapid method for 
the evaluation of hereditary characteristics. This will be possible 
only with trees that are hermaphrodite and self-fertile. Hi breeding 
trees that produce male and female flowers on separate individuals, 
or hermaphrodite trees that are self-sterile, crossing between selected 
individuius is necessary. With trees of this nature the nearest approach 
to pure-line breeding is to cross parents possessing the snme characters, 
that is, breeding within a strain, variety, or species. Pure-line breeding 
and cross-breeding within a variety or strain will provide fundamentiu 
genetical data for the evaluation of inherent quality and the mode of 
inheritance, and may also provide superior races and strains for foresta- 
tion. These superior types will be a source of superior germ plasm of 
known breeding value for further hybridization and breeding. 

Combinations of desirable characteristics and modifications or new 
expressions of characters, duo to new combinations or rearrangements 
of the determiners of heredity, are possible by cross-breeding between 

f mre lines or varieties (interyaiietal or intraspecific hybridization), 
ntervarietal crosses ordinarily represent the least difficult kind of 
hybridization. Varieties usually cross quite readily and produce fertile 
offspring. Valuable results may be apparent in the Fi or first hybrid 
generation, and segregation in the F 2 or second generation (Fi plants 
selfed or crossed) will produce new combinations from which the best 
individuals can be chosen for further selective breeding. 
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Crosses between different sp^ies of forest trees — a more remote 
relationship than between varieties — offer interesting possibilities. 
Such interspecific hybridization is often complicated by the fact that 
two species are difficult to cross, or by the partial or complete sterility 
of the resulting hybrids. If two species cannot be crossed directly it 
is at times possible to include them in the jiarentage of the final hybrid 
by breeding through a third species. In fact the utilization of three 
or more species in the breeding of daylilies has produced particularly 
valuable hybrids. 

The first-generation hybrids of two forest-tree species are often 
quite uniform and more or less intermediate between the parent 
species. Segregation and recombination of characteristics occur in 
the second generation, and it is this generation that provides a very 
wide diversity of material for selective breeding. The procedure indi- 
cated is, therefore, (1) a small first-generation population, but (2) a 
lai^e second-generation population, with (3) selective breeding con- 
tinued with the most promising individuals of the second generation. 

Interspecific hybridization of our forest trees is entirely justified, 
because it offers inunediate improvement by combinations of desirable 
characters and the possibility of entirely new characteristics or quali- 
ties reaultuig from combinations of determiners that have never 
before been combined in any ^enn plasm. Many first-generation 
hybrids are more vigorous than either of their parents. This so-called 
hybrid vigor and any other valuable character can be maintained and 
utilized immediately if vegetative propagation is possible. Hybridi- 
zation followed by jxdyploidy has also created individuals with 
unusual chromosome numbers that are superior to their parents and 
have their characteristics “fi.\ed” so that they come true from seed. 

Genera are, of course, even more distantly related than species. 
The comparatively few inteigeneric plant hybrids that have been 

f iroduced up to the present time have not been of practical value, 
ntergeneric hybridization is very greatly limited by specific differ- 
ences in the requirements for fertilization inherent in distantly related 
plants. Furthermore, the progeny are seldom fertile. In spite of 
the difficulties involved, crosses between different genera may lead 
to valuable results, and exclusions in this direction are warranted. 

The Time Element in Tree Hreeding 
The improvement of forest trees by breeding and selection might 
appear, at first sight, to require centuries for completion. But al- 
though the work often requires a considerably longer time for the 
successful production of improved stocks than similar work with 
annual plants, various short cuts are possible. 

The tune element in breeding is dependent among other things on 
the relative age at which the individuals begin to bloom. Many trees 
produce flowers early in life — 7-month-old chestnut seedlings occasion- 
ally bloom in nurseiy. beds; fruit is often produced on chestnut trees 
before they are 6 years old; 4-year-old pines have been observed to 
mature cones; first-generation poplar hybrids 7 years old from seed 
have produced flowers and fruit. The blooming of more slowly ma- 
turing trees can usually be hastened by top-working or grafting on 
dosely related mature individuals, and possibly in some species by 
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ringm^:, a light girdling of the trunk. Further work to determine the 
possibility of lowering the blooming age would be weU worth while, 
since early blooming permits further cross-breeding or inbreeding and 
eventually speeds up the entire improvement program. 

In order to take advantage of early blooming, correlations between 
juvenile and mature characteristics must be discovered. The fact 
that a tree blooms at an early age is of no value unless its character - 
istics at maturity can be predicted with fair accuracy. Such qualities 
as resistance to disease and winter hardiness can usually be deter- 
mined with young trees, but in breeding for good forest form (habit 
of growth) it will be necessary to recognize and select for further 
breeding the young individuals that will develop good form at maturity. 

The possibility for early results is indicated by the fact that selective 
breeding with daylilies, based on a knowledge of the mode of inherit- 
ance within the group, has fixed new combinations of germ plasm, 
derived from as many as four distinct species, into new types m five 
generations (Stout, 1936).* 

Increased Chromosome Numbers, Polyploidy, 
Aneuploidy, and Mutations 

Many valuable types of cultivated plants have arisen through an 
increase of chromosomes, originating in the somatic (body) cells, 
in the germ cells, or in the earliest divisions of the fertilized egg. 
The increase may consist in the duplication of a single chromosome, 
an unbalanced condition referred to as aneuploidy ; or the chromo- 
somes may be duplicated in multiples of the basic number (polyploidy). 
There may be multiplication of the chromosomes of a single individual 
(autopolyploidy), or a multiplication of both of the parental chromo- 
some complements of a hybrid (allopolyploidy). Individuals with 
unbalanced chromosome complements may be maintained and multi- 
plied as clones if vegetative propagation methods can be used. 

There is evidence that merely a cjuantitativo increase in chromatin 
material may be responsible for wide differences in characters that 
are of great practical value, and that polyploidy in hybrids, involving 
a quantitative increase in the chromatin material received from both 
parents, can produce new types as distinct as many of our present 
species. Polyploidy may result advantageously in (1) increased 
vigor; (2) increased variation; certain types of polyploidy may also 
give (3) increased fertility; (4) stability— that is, new types may breed 
true. On the other hand, polyploidy is sometimes directly responsible 
for increase in cell size, a contingency that is of particular significance 
since the chief product of forest trees is wood. An increase in the 
size of the wood fibers would be detrimental to the physical properties 
of some woods and would limit the use of others now used in the 
manufacture of particular grades of paper. 

Of especial interest to forest-tree breeders are the facts that poly- 
ploidy has been induced by physical treatment of both somatic 
(body) and germinal tissue and by hybridization, and that balanced 
polyploids may breed true. If a superior self-fertile individual of 
this nature can be developed by physiological methods or by hybridi- 
zation, it can immediately be propagated by seed. Such a strain 

• Bee Blbliocnpby, publlsbed In the Yearbook aepante of this article. 
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would probably not cross readily with the native species and might 
thus maintam itself unmixed (homozygous) under natural conditions. 
The possibilities justify intensive effort directed toward the creation 
of polyploid strains. 

New variations of the nature of mutations and bud sports, involving 
basic changes in the chromosome complement other than those due 
to duplication, occur occasionally in forest trees. The Lombardy 
poplar is said to be a mutant form of the European black poplar 
{PojnUus nigra) and the weeping beeches and birches are probably of 
similar origm. Although such variations have been primarily of 
value as ornamentals, it is possible that individuals of particular 
value for forestation purposes may be discovered. 

Advantages in the Use of Vegetative Propagation 
If vegetative propagation is feasible, any superior individual can 
be multiplied immediately and its characteristics perpetuated by the 
establishment of a clone. By vegetative propagation the breeder can 



higure 11 . — One season's growth from roots of poplar hybrids cut bark annually for 
the production of cuttings. The measuring rod is 9 feet high. 

take advantage of the excellent individuals that may be produced at 
any stage of the breeding work, and since the components of the germ 
plasm are maintained in the somatic condition, the difficulties due to 
segregation of superior chromosome combinations are eUminated 
Many so-called species are actually clones, and the uniformity among 
the individuals is due to the fact tha^t the genetical complex is always 
passed on exactly as it was in the original plant. 

Vegetative propagation does not lead to degeneration m clones. 
Investigations on cases of supposetl senescence in clones have proved 
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that outside agencies such as cnvironinent or disease-producing 
organisms have oeen responsible. 

The most promising hybrids produced in connection with the 
breeding project of the Oxfoi*d Taper Co. have been rapidly multiplied 
from cuttings at a unit cost lower than that of noi-them-grown nursery 
stock. Some idea of the rapidity of propagation by means of donnant 
cuttings may be gained from the fact that in Maine, with a compara- 
tively short growing season, a 1-year-ohl poiilar hybrid will produce 

10 to 20 cuttings, at 2 
years, 40 to 60 cuttings, 
and that after 3 years it 
will continue to produce 
1 00 to 200 cuttings annu- 
ally (fig. 11). If neces- 
sary, the rate of multipli- 
cation can bo further 
increased by propagation 
from softwood cuttings. 
By this method small 
twigs 4 to 6 inches in 
length, cut from the 
mother plant throughout 
the growing season, ore 
I'ooted in shaded, moist 
sand beds. 

Intensive investiga- 
tion to develop a cheap 
method for the vegeta- 
tive propagation of forest 
sjiecies that cannot now 
be economically repro- 
duced in this way is fully 
justified; the best of our 
Iiresent wildlings and 
the elite individuals pro- 
duced through breeding 
can then be utilized with- 
out further delay. 

-\eki) ok Develoi'ing 

Figure 12 . — Controlled hybridization in pines in- TECHNigUK 

volves physical difficulties. This 77-foot ponderosa , . 

pine has 100 bags protecting the ovulate flowers from every now line 

wind polUnation. <»f research, technical 

difliculties must be over- 
come before extensive breeding work can be undertaken. Tho breeder 
of forest trees is not only faced with the iihysical difliculties incident 
to the necessity of working with flowers at the tops of large trees 
(fig. 12), and often on the outside branches, but ho is also handi- 
capped at the present time by lack of accurate infonnation essential 
to his work. Practically nothing is known of flower behavior, pollen- 
storage possibilities, artificial pollen-germination methods, sterilities, 
and incompatibilities in forest trees, and the affinities between species. 
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Accurate and detailed data on the flowering period of parent trees 
are essential for the successful planning of a breeding project. Infor- 
mation on blooming dates is not always sufHcicnt; the receptive period 
of the female flowere is of vital importance in breeding, where 
dichogamy, or the ripening of male and female organs at different 
timeSj occurs, it often necessitates storing pollen until it can be used, 
and smee pollen viability in different species is known to vary from a 
few days to over a year, data on this point shoidd bo available. Assum- 
ing that the pollination has been made with viable pollen at the proper 
time and under favorable climatic conditions, incompatibilities or 
steiilities may still cause failure, and success can be attained only 
through a thorough understanding of such conditions. 

The breeder of agricultural plants usually has more or less proven 
varieties and^ strains available that can be grown in adjacent plots 
in his experimental grounds. The breeder of forest trees must 
work with a wide diversity of species and varieties and often 
with widely scattered parent stocks — desirable parent types may 
be located hundreds of miles apart, and at best they are seldom 
within walking distance. Crossing such trees often requires the 
development of a new technique. 

FUNDAMKINTAI. INVESTIGATIONS’ 

Fundamental genetioal studies should certainly be started with 
forest trees. Chromosome studies and other cytological work nec- 
essary to a thorough understanding of the particular physical pro- 
cess involved in the transmission of hereditary characteristics in 
trees will be indispensable to the tree breeder. Cytological data 
will be an immediate necessity for effective work directed toward 
the compounding of polyploids. The solution of many problems will 
recpiire the combined eftorts of the geneticist, the cytologist, and the 
physiologist. 

The forest geneticist should lay a broad foundation for such funda- 
mental studies, but in doing so he should not overlook the fact that 
much of his early work must of necessity be more or less empirical in 
nature. It is generally recognized that the mode of inheritance of any 
partievdar character can seldom be predicted from a cytological study 
of tlio parents used; only actual cnissing can supply the answer. It 
will bo largely on the breeding W'ork of the forest geneticist of today 
that the forest geneticist of tomorrow can safely continue his funda- 
mental research, with the assurance that his lino of attack is in the 
right direction. 

A questionnaire on the subject of improvement in forest trees, which 
was submitted in connection with this Yearbook to various individuals 
and organizations both in the United States and abroad, asked for an 
opinion on the outstamling technical and practical problems that 
remain to be solved. In order to present the views of individual 
workers in various parts of the country with respect to their particular 
problems, it seems atlvisjxble to include their recommendations on 
genotical problems verbatim. 

•Thefollowiag section Is Intended primarily for students and others professionally Interested In breeding 
or genetics. 
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lAoyd Austin. California Forest and Range Bxperiinent Station, 
Institute of Forest Genetics, Placervillo, Calif. 

Adaptability of selected strains and progenies. — While quite a little preliminary 
work has been done by the institute and other orRanizations in testing in a general 
way the adaptability of various forest species, only a liaro beginning has been made 
in the formidable task of adequately testing and retesting the various selected 
strains and progenies of these species that arc gradually bt'iiig discovered. There 
can be no one best strain for all localities, and, as superior types are isolated by 
progeny tests and other methods, it will become imperative to try those out in a 
comprehensive way and under various climatic and soil conditions, so that eventu- 
allv the best forms for each locality w ill be definitely known. 

Hybridizing u/ithin species to combine vigor and cold-hardiness. — The institute’s 
results seem to indicate that, at least in the case of Finns ponderosa, most of the 
seed trees having the greatest inherent vigor will probably be found at relatively 
low elevations. Although proof is not yet available, it seems highly probable that 
these low-altitude forms will lack the degree of inherent cold-hardiness possessed 
by the forms from the higher elevations where much lower temperatures are 
encountered. This opens up a most promising line of genetical research in which 
artificial crosses would be made between low- and high-altitude strains, utilizing 
as parents in both cases the individual seed trees that the progeny tests show to be 
hereditarily superior. In this way it should prove possible to combine the rapid 
growth rate of one form with the desired cold-hardiness of the other, and thus 
p^atly increase the adaptability and usefulness of the vigorous types. The 
institute has already accomplished practically this same combination of characters 
in the case of its cross of P. altenuata and P. radiata, and it should prove much 
easier to cross different altitudinal forms of P. ponderosa than to cross distinct 
species, which is nearly always difficult of accomplishment. 

Improving the quality of seed from selected notice seed trees —Another i>romising 
line of genetical inquiry well worthy of investigation would consist in making 
tests in relatively isolated field plots to determine the practicability of using a 
carefully regulated thinning to improve the quality of the seed from the gemiinally 
superior individuals. The plan would be to cut out all tliose seed trees that the 
progeny tests show to he inferior. In this way 8ubse<iuent natural cross-pollina- 
tion w'ould take place largely between the better tyjies and seed with improved 
heredity should result. Huch seed would be highly valuable for actual work in 
reforestation 

Roy L. Donahue. Mississippi State Gollcgc, State Gollege, Miss. 

I would say that the needs for this region in particular with n-fercncc to forest 
genetics should include a testing of the variou.s strains of black locust, especially 
different strains varying as to seed source. 

Another type of research needed in ]VIis.sissipi)i as well as throughout the entire 
South is in relation to the selection and breeding of a first-class Christmas tree. 
At the present time Christmas trees of evcelleiit quality are importi'd from as far 
away as the West coast. 

Duncan Dunning. California Forest and Range E.xperiinent Station, 
Berkeley, CaUf. 

Studies should lie made of the iieritability of criKikediiess, eveessive branching, 
spiral grain, and susceptibility to diseases. 

Arthur H. Graves. Brooklyn Botanic Garden, Brooklyn, N. Y. 

The most important of these requirements for rapid progress in forest tree 
improvement is reproduction by ase.xual methods — cutting, layering, budding, and 
grafting. 

C. Heimburger. Petawawa Forest Experitnciit Station, Chalk River, 
Ontario, Canada. Urgent research problems; 

The finding of a suitable strain of Norway snruoc for pulpwood production, 
especially for the spruce regions in eastern Canada. 

finding of suitable strains of Scotch pine to replace jack pine, on sites not 
euitable for other more valuable native pines. 
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The production of a fully hardy rapidly growinR aspen hybrid, combining the 
useful cnaracters of the native aspens with added resistance to heart rot and better 
wood quality for the production of match stock and veneer. 

A suitable propagation method for aspen poplars and their hybrids, better than 
the usual root-cutting methods. 

Richard K. McArdle. Rocky Mountain Forest ami Range Experiment 
Station, Fort Collins, Colo. 

Otljer practical problems which demand solution involve the development or 
isolation of drought-resistant strains of native species (particularly ponderosa pine) 
for planting in the sand hills of the Plains States and in the high plains dry-land 
country immediately east of the mountains; determination of the best strains of 
Engelmann spnico and jmssibly other 8|>ecie8 for planting on denuded sub^pine 
sites in the spruce type in Colorado, also in the bristlccono pine and limber pine 
types where admini.strativc restrictions have been imposed upon the planting of 
native soft pines liecause of the blister-rust menace; improving lodgepolc pine from 
a pathological standpoint to cut down losses in merchantable stands. While 
these problems arc practical in their scoim;, their solution can foUow only along 
highly technical lines of approach. This will mpiire, therefore, the solution 
of technical problems either directly or under the siqiervision of qualified 
geneticists. 

T. K. Maki. Intrrinoiintain Forest and Range Experiment Station, 
Ogden, Utah. Urgent research problems; 

Dotennination of tlic inlienMitiiess of heavy or light .seetl producers. 

Detennmation of vigor, natural pruning habit, etc., of progeny from dilTerent 
tree and age elasst" 

F. I. Riifhter. Ualifortiia Forest and Range Experiment Station, 
Institute of Forest Genetics, Plaoerrille, Calif. 

Breeding unth poli/pUnds . — In pine breeding projects the problem of inducing 
tetraploidy in hybrids may well be regarded a.s second to none in importance. 
The production of such forins, which, having their origin in hybridization, are yet 
somctliiiig more tlian hybrids — namelv, amphidiploid hybrids — will yield the 
following advantages: (1) Prolonged and oo.stly selection tests of the F* and 
succeeding generations w oiild lie avoided: (2) such forms often are more vigorous 
than the parental bpccies; (3) they are endowed with higher degree of fertility; (4) 
insofar as practical purpose.s are concerned, they breed true; and (5) when they, 
in turn, are hybridized tlic Fj generation will consist of greater varieties of new 
forms for investigation than does the Fi of the ordinary species or varietal 
cross 

Polyploidy has not been reported for the pines, and it probably will be necessary 
to induce tetraploidy before any further breeding with polyploids wdll be possible; 
however, the tetraploids should constitute sufficient justification in themselves for 
work in this field. The possibility of realizing the benefits which may be exacted 
from the production of amphidiploid hybrids is not more remote than is that of 
achieving comparable results through selection tests subsequent to hybridization. 
In fact, the latter method of proceeding may well be regarded as the last desperate 
resource in tlie field of hybridization with pines, whereas the former offers such 
valuable results that its immediate adoption is fully justified. 

Tetraploidy has developed in sterile species hybrids spontaneously but such 
appearances have been so rare that it will not be practicable for the pine breeder to 
rely on tlio production of such forms through the operation of Nature alone. 
Artificial means are practically a requisite for such work. Fortunately, means of 
inducing tetraploids Wve been developed. The chief method developed thus far 
consists of subjecting the zvgote to heat treatments during the first few cell 
divisions following fertilization. Under the influence of such treatments a newW 
formed embryo may undergo nuclear division without the laying down of a divid- 
ing wall. This process results in the formation of a cell having the double number 
of chromosomes. The further growth of the embryo results in an individual that 
is entirely tetraploid. Attempts to induce tetraploids in hybnete may prove 
difficult at first, because of the difficulty of ascertaining when fertilization occurs, 
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for in most of the pines fertilization occurs about a year after pollination; however, 
the problem should yield to the eombine<l attacks of the geneticists, the cytologist, 
and the physiologist. 

Cytologieal, taxonomical, and physiological studies. — Cytological, taxonomical, 
and physiological studies of the genus Fhnus will contribute immeasurably to the 
progress of the work of breeding superior timber trees, because they ramify into all 
phases of the work. Such studies will lx* started in the near future. 

Pavl 0. RudoJJ. Lake States Forest Hxpeiiiuent Station, St. Patil, 

Minn. 

As far as forest genetics goes, the field has barely Ix-on scratclu'd. So many 
problems remain to be solved that it is difficult to know where to liegin in listing 
what remains to be done. 

From the practical standpoint it seems desirable to extend sou rce-of -seed tests 
to include all species used in forestatioii work to indicate within what limits seed 
can safely be used in other than native localiti*‘B for various sj)ecies. The selec- 
tion of individual trees and stands of particularly desirable characteristics, followed 
by the determination of the extent to which these characteristics are heritable 
by their progeny, is another useful field of investigation. Cross-breeding and 
hybridizations which have been liegiin with certain early-maturing species of 
Populns, Salix, and Larrx here and abroad might well be extended to other species 
in general although the immediate practical value may not tie as great as for other 
studies. 

In the field of pure genetics mucli of value might l>c accomplished by a study of 
the mechanics of inheritance for important tree species particularly with a view 
to determining how certain desired characteristics arc transmitted and to what 
extent such functions may be modified or controlled. 

Philip C. Wakeley. Southern Forest Experiment Station, New 
Orleans, La. 

Further work upon the jiines (to say nothing of the hardwoods) is urgently 
needed in* 

a. Effect of chmatic-zoiic source of sit'd. 

b. Effect of major soil type source; c. g , deep sands. 

c. Effect of female parent source alone on progeny (of direct a]jplication in 

seed collection). 

d. Effect of both parents upon progeny (of direct npiilication in marking for 

natural reproduction cuttings). 

c. Development of very tall strains for high .vields, structural timber, and 
piling. 

f. Development of strains high in naval stores \ ield 

g. Development of brown spot-resistant P palustns, w'iiidfirm P. carihaea, 

and tiji moth-resistant P. laeda and P eclnttala, for artificial reforesta- 
tion. 

APPENDIX 

As A part of the cooiicrative survey of plant and animal improvement, a compre- 
hensive questionnaire requesting inforination on investigations ]>ertaining to 
improvement in forest trees was sent to approximately 150 institutions and 
private agencies in various parts of the world, ■‘'ummaries of the rciiorts received 
from those organizations nr individuals engaged in work of this nature are included 
here. The replies received ])re8pnt a rather com 7 )lcte account of forest-tree 
improvement work in progress throughout the United >StatC8, but the replies from 
foreign sources are rather limited. 

United State.s — Federal Agencies 
Buretm of Plant Industry, Diviswn of Forest Pathology 
3. Hybridization 

Progeny of the following crosses, being grown for forcHt.-trcc imiirovement, are 
under olxiervation; 

Casianea mollxssima X . C. deniala, 272 seedlings I to 8 years old. 

C. crenala fforest tyjies) X C. derdaia, 33 seedlings 1 to 4 years old. 
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C. crenaia (forest tyiMis) X C. moUi»nma, 44 seedlings 1 to 5 years old. 

C. moUianma X C. henryi, 16 seedlings 1 to 9 years old. 

C. crenaia (forest ty^Je8) X C. henryx, 3 seedlings 1 to 2 years old. 

In general, hybrid vigor is present in these first-generation trees in the order as 
listed. 

Progeny of the following crosses apparently should Ijc valuable in the i>roduction 
of mast crops and for soil conservation planting: 

C. putntla X C, eeguimi, 21 seedlings 1 to 6 years old. 

C. moUisaitna X C- aegutnu, 19 seedlings 3 to 6 years old. 

C. crenaia X eeg-aimt, 24 seedlings 1 to 6 years old. 

Reciprocal crosse.a arc usually made as a noatter of routine. From the genetic 
viewpoint no significant differences luivo lieen found in their progeny. iSecdlings 
of crosses with a dwarf Chinese chestnut, C. segutntx, tend to be everblooming 
in habit, a dominant character inherited from that siiecies. Additional crosses 
are being made between the several American chinquapins and the various true 
chestnuts from Asia. Here again selections will be made of individuals suitable 
for mast-crop production and soil-conservation planting, but such selections are 
not cxiiccted to carry the everblooming habit. 

Present work is now largely confined to the production of second-generation 
stock and incidentally to the study of genetic phjases of the problem with special 
regard to the inheritance of resistance to the chestnut blight. 

Forest Service, Appalachian Forest Experiment Station * 

1. Seko Ohiui.n 

Rohinia pseudoacacta (black locust) 

One-year-old seedlings from seed collected from seven Appalachian sources 
(West Virginia, Virginia, North Carolina, 1,800 to 3,000 feet elevation) were set 
out in test plantatiou-s at Bent Creek in 193.'5. Seed from an additional five 
sources (three foreign, two American) was used to establish test plots in South 
Carolina, West Virginia, North Carolina, and north Georgia in 1936. In both 
e.xperiments significant differences Ijetween the average height of seedlings from 
different sources were observed at the end of the first season’s growth, ^mc 
difference was also iuilicaieil in form of bole. 

In the fall of 1935, 20 siiperior and 20 average .seedlings were selected in each of 
10 nurseries (in North Carolina, South Carolina, Tennessee, Missibsippi, Virginia, 
and West Virginia). I’heso were planted in test plots in the Bent Creek E\perl- 
iiicntal Forest in 1936 to determine the possibility of selecting superior strains from 
l-ycar-old seedlings. 


2. Individual Sked-Tiikk PnooKNr Tests 

Ptnm iaeda (Loblolly Pine) 

SccdlinjK from 122 individual seed trees were out-planted in 1936 for progeny 
study. The puri>osc of this experiment is to determine the effect of the female 
parent on the germination and growth of seedlings, with the ultimate aim of 
determining the desirable characteristics of loblolly pine seed trees. 


California Forest and Range Experiment Station, 

Institute of Forest Genetics 

1. Seed Okioin 

Extensive tests of specie* and geographical races are well under way. The 
arboretum contains approximately 100 species and named varieties of the genus 
Pinna and inumerable climatic forms of many of these s|>ecics; seed has been 
obtained from 40 countries. Growth records, ta.\onuinic records, phenological 
records, injury records, and seed, sowing, and germination records are taken on 
all of those test trees, which range in age from 4 to 15 years. Among the fastest 
growing species so far tested are P. radiaia (Monterey pine), P. pinaster (cluster 
pine), P. taeda (loblolly pine), P. eoulteri (Coulter pine), P. patula (Toluca pine). 
In most tests P. radiaia has surpassed all other species in rate of growth, particu- 
larly in height growth. . . , , , . ^ . 

"rhe great majority of all the pine species tested have possessed sufficient cold- 
hardin^ to enable them to survive at the institute at Placerviile, Calif., where 


• At Asheville, N. O. 
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the lowest temperature on record is 16° F. Exceptions have occurred in the case 
of certain tropical species, such as Pinus troptcMis, P. tnsularia, P, canariensia, 
and P. merkusii. These species do not seem to possess enough inherent resistance 
to cold to bo of practical value in any of the important forest regions of the 
United States, but they arc of interest to tree breeiicrs who may wish to hybridize 
them with hardier species. 

Tests w'ith approximately 30 species of pine are under wa^v in cooperation with 
numerous organizations (31 in the United States and 1 each m Enj^land, Scotlaiul, 
and Denmark) to determine the adaptability of the various native and foreign 
species. 

In addition to the work with pines, 35 species of conifers, representing 17 genera, 
and 20 species of hardwood trees, 13 genera, are included in tlie arboretum. 

These investigations will eventually indicate the value and adaptability of 
geographic races and strains of many important timber trees, and the arboretum 
will be a source of superior germ plubin for future selection and breeding work. 

2. Individual Sedd-Thee Pkogenv Tests 

Progeny tests have been undertaken with 10 species and varieties of pines. 
All seed is collected from tagged secil trees, which arc fully tlescribed and have 
their location recorded in map form. Seed has been gathered from a total of 
2,609 separate trees located in 289 field plots Many thousands of seedlings have 
b^n grown in the nursery and of these 1,843 progeny trees have appeared worthy 
of further trial in forest plantations to test the permanence of the early differences 
apparent in the nursery. 

As rapidly as the desirable seed trees are discovered, thev liecoine for many 
years potential sources of relatively large quantities of superior seed for practical 
reforestation. Trees selected in this way are also valuable for use in breeding 
experiments designed to develop still lictter types. 

P. ponderoaa (pondcrosa pine) 

The largest single progeny test was started in 1929 with seed from 742 individual 
trees of this species and its varieties acopvlarutn and jeffreyt. {Pinna jeffrnji is 
considered a simaratc species by Sudworth in his Check List of the Forest Tree.s 
of the Ignited States.) The seed trees represented in this test are scattered over 
60 counties in 12 Western States and British Columbia. 

Results already indicate that within this species anrl its varieties there are 
innumerable local strains, each with distinct morphological and physiological 
characteristics. Even within a local geographical strain, individual seed trees 
vary strikingly in their ability to produce seedling.s that are superior in vigor and 
in habit of growth. 

Although the hereditary vigor of pondcrosa pine in the central Sierras of Cali- 
fornia tends to decrease markedly with an increase in the elevation of the seed 
source, certain individual seed trees have been foiind-at relatively high elevations 
which, contrary to the general tendency, have high inherent vigor. These are 
of outstanding value since they probably have the ability to produce offspring 
that will be both fast-growing and cold-hardy. 

Eldorado County, Calif., seems to be about the center of the optimum belt for 
pondcrosa pine, and an intensive progeny test is to be started in the spring of 
1937 using seed already collected from about 1,000 trees growing in this county 
and closely adjoining areas. Seed-collection activities have been so directed that 
there has resulted a relatively complete sampling of the local strains within this 
limited area. The field plots arc distributed over an altitudinal range of more 
than 8,000 feet, extending from an elevation of 150 feet up to 8,400 feet. 

It is hoped from these various progeny tests to determine whether or not there 
are any correlations between the visible characters of the seed trees and the nature 
of their proMnies, and to ascertain any relationships that may exist between the 
environment of a seed tree and the growth, hardiness, etc., of its progeny. 

Juglana (walnuts) 

Walnuts are being studied primarily from the jioint of view of developing 
superior timber trees, and their nut-producing characteristics are a secondary 
consideration in these experiments. Tests have liecn undertaken with the 
progenies of 272 individual trees of 16 species and hybrids of walnuts. After 
growing the progenies for 2 years in the nursery, 421 seedlings were selected and 
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set out in permanent plantations. There have lieen marked differences in the 
growth of the different progenies. 

In some cases natural cross-pollination Ijetween species apparently took place 
during the spring prior to the collection of the nuts, for certain nonhybrid seed 
trees yielded progenies that were partly hybrid in nature. The nuts were graded 
into three sizes before sowing, and it was later discovered that most of the hybrids, 
some of which were very vigorous, came from the large nuts. Hybridization 
apparently stimulated the development of the nuts, and this may provide a simple 
method for selecting a high i>roportion of naturally hybridized nuts from walnut 
trees exposed to pollen of other walnut 8i>ccics. 

3. Hybridization 

Controlled hybridization has lieen a very important part of the work carried 
on at this station. 

Progeny of the following artificial crosses (made at the institute) are under 
observation: 

P. ailenuala (kuobcone pine)XP. rndtata (Monterey pine). Hybndity certain. 
Progeny, 8 years old, shows rapid growth of pollen parent combined with frost 
resistance of seed i>arcnt. Appears to be weakly fertile. Twenty-eight trees. 

(P. attenuata X P. radiata) X self. (Fj) hybridity certain. Progeny 3 years 
old. Five trees. 

P. canbaca (slash pine X P- taeila (loblolly pine). Hybndity probable. Prog- 
eny 3 years old. Ten trees. 

P. echmala (shortleaf nine) X P. taeda Hybridity iirobable. Vigor of 

2- year-old progeny exceeds that of seed parent*. Fou'rtcen trees. Seedlings 
now 3 years old. 

P. poTiderosa var. jeffreyi X P ponderosa. Hybridity certain. Vigor of 

3- ycar-old progeny greatly exceeds tliat of seed iiarcnt. .li ))otentially valuable 
cross. 

P. ngtda (pitch pine) X P. taeda. Ilj'bridity probable. Four trees. Age 
3 years. 

The following artificial crosses were made with various species and varieties 
of Juglana in 1927: 

J. hindati X Royal hybrid; 12 hybrid seedlings obtained. 

Royal hybrid X Royal hybrid; 7 hybrid seedlings obtained. 

Royal hybrid X J. maiuhhurtca; 1 hybrid seedling obtained. 

Roval hybrid X J. regia • 3 hybrid seedlings obtained. 

J. nindah X J. htndatt. 3 seedlings obtained. 

Royal hybrid X J. hmdati, I hybrid seedling obtained. 

Central Slates Forest Expaiinent Station * 

1. Seed Origin 

litibima paeudoacacia (black locust) 

Exi>erimental work was started in 1935 with approximately 22 strains of black 
locust, including the shiinnast locust (var. rectiasima), in a search for strains 
resistant to locust borer. 

Yellow ])incs 

Work of a minor nature is in iirogress with local strains of shortleaf, pitch, and 
Virginia pines. 

Intermountain Forest and Range Experiment Station 

1. Seed Origin ^ ^ 

Pinua ponderoaa (jxmdenwa pine) 

Some experimental work on importance of seed origin is being carried on but 
work is too recent for definite observations. 

Future plans call for investigations on regional and altitudinal strains of this 
species. 

•At Columbus, Ohio. 

At Ogden. Utah. 
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Lake States Forest Experiment Station “ 


1. SbKD OlUGIN 

Pinua reainosa (Norway pine) 

Three plantatioTia each containinK proKeny from l.')4 seed sources (Lake States, 
Pennsylvania, Now York, New England, Quebec, Ontario) were established in 
1931 and 1933. Seed collection was mostly from “individual tree” or “small 
group” but some “limited locality” and general collections arc also represented. 
Differences are already apparent in vigor, winter hardiness, and drought resistance. 

Ptnus aylveatria (Scotch jiiiie) 

Progeny from 27 seed sources (United States and foreign) were included in the 
plantations of Norway pine (1931 and 1933). Differences have been observed 
in the nursery and in the field between northern and southern stocks in size of 
seedlings and color of foliage — stock from southern stnirces is larger and tends to 
have darker green foliage Northern stocks showed markedly superior winter 
resistance, 1935-3B. 

Picea (spruce) 

In a search for fast-growing spruce for pulpwood, plantations of nine different 
spruces were established in 193G. The following species were used: P. glfiticu 
(white spruce) six seed sources; P. excelaa (Norway spruce) six sources, mostly 
from the Union of Soviet Socialist Republics; P. rubra (rod spruce) two sources; 
P. glauca albertiana (Alberta ^ruce); P. mnriana (black spruce); P. glehnii 
(Sakhalin spruce); P. orientnha (Oriental spruce); and P. omorika (Serbian siiruce) 
Seed of the last five each from one source. 

2. IxDiviDU.^L Seed-Trke Progexy Tests 

Frajcinus pennaylvanica laneeoJata fgreen ash) 

Progenies of 83 individual trees (from North Dakota, South Dakota, Iowa, 
Nebraska, Kaiisa.**, and Oklahoma) were grown in two nurseries (York, Nebr , 
and Denbigh, N. Dak ). Variations between indi\idua1 progenies were apparent 
in the nurscryj seed from the northern area exhibited slow germination and 
growth. Seedlings from northern slock were much smaller, with smaller, darker 
green leaves, and shorter grow ing periods than southern stock. Transplants of the 
York stock were field-planted in Nebraska in the fall of 1936, but are insufficient 
in number to give conclusive results. 

Artificial drought tests indicated a definite decrease in drought resistance from 
north to south and from west to east (definitely correlated with climate). The 
greatest difference was observed between (ilanfs from the northwest portion of 
North Dakota and the eastern portion of Nebraska, Kansas, and Oklahoma 
The evidence indicates that there are inherently different climatic races. Local 
variations w ithin a single subdivision of the plains region were also observed. 

Pinua reainosa (Norway pine) 

Approximately 100 of the loO seed lots mentioned iinrlur Seed origin were from 
individual seed trees. A few of the individual progenies are sufficiently out- 
standing to indicate that selection and breeding might produce a superrace of 
Norway pine. 

Pinua aylveatria (Seotch pine) 

Some 20 of the 27 seed lots obtained for provenience sturly were from individual 
seed trees growing in the Lake States. No significant differences have been 
observed to date. 

Northeastern Forest Experiment Statitm 

1. Seed Origix 

Pinna aylveatria (Scotch pine) 

Two-year-old seedlings of two strains of Scotch pine, Riga and Austrian, were 
outplanted in 1925 on the Mount 'I'oby Demonstration Forest in Massachusetts. 
After 11 years the Austrian Scotch pine lias made 2 to 3 fe<*t lietter iieight growth 


" At St Paul, Minn. 
“At New Haven, Conn. 
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and greater diameter growth than the Riga strain, and it apiKnars to have a superior 
stem form. 

Studies are under way to determine whether a single vigorous stock of Scotch 
pine is suitable for planting in all parts of the Northeastern region. In 1931^ 2-2 
planting stock from a single seed source (Boonevillc, N. Y.) was planted in 10 test 
plots of 1,200 trees each throughout the Northeastern Htates. Additional plant- 
ings were made in 1934 using 1-2 and 2-0 stock from the same source. No signifi- 
cant results have been noted up to the present time. 

A rather comprehensive forest^enetics project is now being started. It is 
anticipated that tins project will include practical anrl fundamental research on 
seed origin, adequate progeny tests, selective breeding and hybridization. Al- 
though the primary emphasis will probably lie placed on deciduous forest trees, 
some work with conifers, particularly with reference to disease and insect resistance 
of native species, will undoubtedly be advisable. The station also expects to 
cooperate with the Oxford Paper Co. in continuing the valuable hybndization 
work with poplars started by that organization in 1924. 

Northern Rocky Mountain Forest and Range Experiment Station 
1. Skeo Orioin 

Pinvs ponderoaa (ponderosa pine) 

Twenty-two experimental plots in nortliem Idalio contain progenies from 
seed collected in 22 geographic localities in Oregon, California, Idaho^ Washing- 
ton, Montana, South Dakota, Colorado, Arizona, New Mexico, and I tah. The 
trees are now 23 to 27 years old from se^ 



Fimre 13.— Racial differences in ponderosa pine: .4, The open, plumelike arrange- 
m^ of long, slender needles of the North Pacific and Northern Rocky Moontam 
races is easUy dislinguUhed from B, the compact and bushUke growth of short, stout 
needles of races from the east slope of the Rocky Mountains. 


» At Miuouia, Mont. 
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V number of distinct races have developed under natural conditions in ponder 
osa pine which is widely distnbuted throughout the Western States and is sub 
jeet to a great divcrsitv of environmental conditions (fig 13) Progenies from 
sources ■west of the Continental Divide in the North Pacific and Northern Rocky 
Mountain rtgioiis have long slender flexible needles with slight to moderate 
thickening of the hvpodenn cell walls prevailingly in three needle fascicles (hg 14 
A) Irees from east of the Continental Divide and in Colorado and Utali have 
foliage prevailinglv in two needle fas i les with short thick stiff needles with 
extremely thick hvpiderm tissues (fig 14, B) Irees from the Arizona New 



Figfire 14 — Races of ponderosa pine show inherent diffi nines in needle structure 
A An example of the thin hypoderm layer and lark of stomatal depressions of the 
lonj, needle type shown in figure 13 A B, thicker hyiioderm layer without stomatal 
depressions, characteristic of the short needle tvi>e illustrated in figure 13, B 

Mexico Plateau have prepoiiderantlv three needle faseicles witli moderate 
length and slenderness of needles but with thick hvpockmi structure \b these 
pronounced differences in foliage were found to be the same in trees of the parent 
localities, the conclusion is that these characteristics are strouglvhentablc 

Progenies that originated in localities within the northern Rocky Mountains 
where the climate was similar to that of tlio experimental site, have made the 
greatest growth m height and diameter Ihose from regions of more severe 
climates in Colorado Utah Arizona and New Mexico have made the least The 
slowest growing progenies m the e\ix,riment have reached an average height 
and diameter only half that of the fastest growing offspring Companson of 
progenies with trees growing in parent localitic s shows strong inheritance of growth 
rate in the new environment except that the tendency is less marked where the 
progeny came from a region of more favorable climate 

Relative degree of hardiness was revealed by a sudden steep drop in tempera 
tore of 67® h on December 15, 1024 Two progenies from the mild Pacific 
coast region were practically eliminated The progenies from regions of the most 
ngorous winter climates suffered little or no loss by this freeze 
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The results to date indicate that the most suitable seed source for planting 
in northern Idaho is from Republic, Wash., to the Continental Divide and from 
the Salmon River to the Canadian boundary. Introductions from the mild 
climate of the Pacific coast are subject to loss from sudden and severe tempera- 
ture changes, which may occur )>criodically in Idaho. Although an introduced 
tree may be perfectly adaptable to the climate, it may, because of slow growth, 
be decidedly unsuitable for timber growing in northern Idalio. On this basis 
seed from Black Hills and southeastern Montana sources would be unsatisfactory, 
and Colorado seed would prove decidedly so. 

Pacific Northuxst Forest Experiment Suition 
1. Sekd Origin Pseudotsuga taxtfolia (Douglas fir) 

Five replicative plantations were established in 191.5 with seed from 13 locali- 
ties (northwestern Washington to central-western Oregon, 100- to 3,850-foot ele- 
vations) to study climatic and geographic races within the Pacific coast form. 
Progenies from individual trees representing variations in age, form, infection 
by wood-rot fungi, and site conditions were planted under separate pedigree 
numbers. No gross differences have been observed in morphological character- 
istics (leaves, crown, stem, flowers) between progenies from different seed sources. 
A significant and constant difference was observed in the relative time at which 
the various progenies bur.st their biid.s in the spring. Different progenies also 
varied in their susceptibility to latc-spring frost injury. The progenies of certain 
individual parents were significantly taller than those from other parents growing 
in the same locality. The progeny from two of the seed-source localities made out- 
standingly good heiglit growth on every plantation. 

Finns jmiderosa (ponderosa pine) 

Plantations were established in 1926 for a study of geographical races of this 
species. Results indicate that local stock is doing best in growth and survival. 
Progenies from different seed sources are already beginning to show rather dis- 
tinct variations in the appearance of the foliage. 


Rocky Mountain Forest and Range Experiment Station 
1. Seed Origin ponderosa (ponderosa pine) 

Test plantations were established at Fremont in 1916 and 1916 with seed from 
seven sources (five Colorado, one Wyoming, and one South Dakota). Altitude 
range of seed sources was from 5,200 to 9,000 feet. A sccontl test plantation was 
established in 1920 with seed from eight sources (one each from Montana, Arizona, 
California, Oregon, South Dakota, ami three from Colorado). Data are available 
on survival, height, and form. The results from the standpoint of survival, rate 
of growth, and winter-hardiness point conclusively to the futility of using any but 
Colorado (not including southwestern 7 iine tvjie) and possibly Black Hills seed. 

Test plantations were cstablisheil in the Nebraska National Forest (1926) with 
seed from eight sources (Nebraska, South Dakota, Colorado, Arizona, New 
Mexico). The results indicate the sujieriority of local Nebraska seed. South- 
western and central Rocky Mountain stticks have been extremely susceptible to 
tip-moth attack. A segregated seed area has been established. 

Ptnus coiUorla (lodgeimle pine) 


A plantation at Fremont now 21 years old includes trees from seed collected 
from nine localities m Wyoming and Colorado. There is also a 17-year-old plan- 
tation, established with stock from 14 sources from approximately the same general 
region In general the nearest seed sources have given the best results, but the 
extent of variation within a seed progeny largely eliminates the significance of the 
group performance. „ „ . j 

A test planting in the Medicine Bow Forest, Wyo., is now 17 ye^ old; ^d 
from three sources (local, southern Wyoming, western Colorado) The relative 
survival and performance have been in inverse ratio to proximity of the seed source 
t<i the experimental area. 


1 At Portland. Oreu 
I At Port Collins, Colo. 

13S004*— 37 81 
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Paeudotauga iaitifolia (Douglas fir) 

A 20-year-oId plantation at Fremont includes stock from 1 1 national forests (6 
in Colorado, 5 in Wyoming) and 15 climatic sources. Last observations (1923) 
indicate that local stock is decidedly superior in survival and height growth. 
Wyoming stock failed completely. 

Picea engelmanni (Engcliiiann spruce) 

A plantation on the east slope of Pike’s Peak (elevation 10,500 feet), 24 years 
old, contains 10 climatic strains from 6 Colorado National Forest seed sources. 
Results are not conclusive. 

2. Individual Seed-Tree Phooeny Test.'^. 

Pinna poruleroaa (ponderosa pincl 

Test plots were established in 1932 at elevations of 7,200 feet and 9,100 feet in 
the Pike’s Peak locality with progeny from eight individual parent trees represent- 
ing a 2,000-foot altitudinal range within the same locality. The lower plantation 
was eliminated by drought. In the upper plantation survival shows a fairly regular 
increase from low to high elevation sources. 

Progeny from individual mistletoe-susceptible and presumably mistletoe- 
resistant trees are being tested in two 4-year-old plantations at Fremont station. 

Three plantations (3, 4, and G years old) in the Nebraska sand hills include 
progeny of individual tree.s selected because of superior development and freedom 
from Peridermium. 

Paeudoiaiiga taxifoUa (Douglas fir) 

• Progeny of individual parent trees possessing peculiar branching habits are 
under observation in two plantations at Freomont (6 and 8 years old). 

3. Tree Breedino 

Artificial crosses between individuals of an apparentlv mistletoe-immune strain 
of Pxnua ponderosa (ponderosa pine) have been succe.ssfiil Seedlings are now 4 
years old. 

Southern Forest Eeperiment Station 

1. Seed Origin 

Pinin taeda (loblolly jiiiuO 

Test plots were established in 1927 at Bogalusa, La , with trees from seed col- 
lected in Ixxiisiana, Texas, Arkansas, and Georgia. Observation in the spring of 
1936 (trees 9 years in field) showed local lAmisiana seed definitely superior in 
gpuwth rate. Other significant differences may exist. 

Pinna paluslns (longlcaf pine), P. cartbaea (slash piiiei, P. taeda (loblolly pine), 
P. echinala (short leaf pine) 

Test plantations were started on the Palustri.s Kv]icriiiieiital Forest (1936-36) 
with stock from seed of various geographic sources. The following sjiecies were 
used: P. paluatria (eight sources), P. canbarn (nine .sources), P taeda (two sources), 
P. echinala (two source.s) . 

Seed of the following four species was obtaincil from 40 different sources in 1935: 
P. paluatria (11 sources), P. caribaea (7 sources), P. taeda (12 sources). P. echinala 
(10 sources). Seedlings from seed of practically all sources for each 8]>ccics were 
grown at or near each point of origin, for planting during the 1936-37 planting 
season. The purpose of this is to test every geographic strain both in its own 
locality and in every other locality included in tlie study of that sjiecies. In at 
least one nursery distinct differences in size and in rate of maturing were apparent 
in the fall of 1936, the most conspicuous being lietwcen sliortleaf pine seedlings 
from Pennsylvania and from Texas seed. 

2. Individual Seed-Tree Progeny Tests 

Pinna jtalualria (longlcaf pine) 

A test plantation was started in 1936 with 360 seedlings from parents high in 
naval stores yield and from parents low in yield. 


••AtNewOrlMUU, La. 
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3. Tree Breeding 

Pinna paluatria x P. caribaea, hybridized in 1929, produced approximately 24 
hybrid seedlings intermediate between the parents in stem, foliage, and bud char- 
acteristics, growth habit, and rate of growth. X P. aondereggeri (Fi) was crossed with 
P. ■paluatria, P. taeda, and X P. aondereggeri. A few seedlings were obtained from 
each of these crosses and were planted out in 1933. 

Southuxstern Forest and Range Experiment Station 

1. Seed Origin 

Pinua ponderosa (pondcrosa pine) 

Tests of climatic races are under way at the Fort Valley station. Results 
indicate that seed from California and the northwest portions of the United States 
invariably germinate less rapidly and produce larger, more succulent, but notice- 
ably less hardy seedlings than local seed. Seed from Colorado, Utah, and Black 
Hills produce plants much like those from local seeil, but Black Hills seedlings 
always show characteristic differences in color and form, and M years after 
planting are beginning to show signs of decline. 

Tennessee Valley Authority, Forestry Ditision '* 

2. Individual Tree Selection 

The tree crop unit of the Forestry Division has been interested in the selection 
of individual forest tri'ps that combine desirable timber quality with production 
of high quality and quantity of fruit (nuts, acorns, berries). This work has been 
carried on tlirough jiri/e contests and through direct scouting. Up to the present 
tune, one black w alnut, tw o black locusts, two honey locusts, one ash, one hickory, 
and two oaks liave lioen discovered which appear to merit siiecial study. These 
individuals are being multiplied vegetatively by gi*aftiug and budding. 

3 Thee Breeding 

Tile tree crop unit initiated a project m hybridization and breeding in the 
spring of 193fi. During this first year, a total of approximately 5,000 artificial 
pollination.s were made with 72 species, varieties, and clones of the following 10 
genera; Juglana (walnut), Hicoria, syn. Cargo (hickory), Corylns (hazel), Caatanea 
(chestnut), Quercua (oak), Aaimina (pawpaw), Amelanchter (serviceberry), 
Gleilitaia (iioneylocust), Kobinia (black locust), and Dioapyroa (persimmon). 

The purpose of this breeding work w’a.s to produce trees combining high pro- 
ductivity and high quality of fruit (nuts, berries, acorns, pod.s) with desirable 
timlicr qualities. Such superior trees are needed for tree-crop planting and wiH, 
before maturity of tlie timlier crop, pay their way by the annual production of 
food for man, stock, or game. 

The severe spring drought in eastern Tennessee resulted in the loss of a con- 
siderable portion of seed that had originally set to cross-pollination. 

United States — State, Private, and Endoived Agencies 
Brooklyn Botanic Garden 

3. Tree Breeding 

Controlled breeiling experiments were undertaken in 1930, to produce a chest- 
nut with inherentlv good timber form and high resistance to or immunity from the 
chestnut blight disease. The work was started with Japanese and American 
chestnuts, but in recent years additional species, varieties, and hybrids have been 
used as parent stocks. Some of these hybrids are now 5 years old. Up to the 
present time, the following Caatanea hybrids have lieen produced ((R) indicates 
reciprocal crosses between the parents): 

C. erenala (Japanese c ) X C. dentata (American c.) 

C. mollissima (Chinese c.) X C. dentata (R) 
r. S8 X r. dentata (R) 
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(C. crenata X C. denlata) X C. nioUissima (R) 

(C. tnoUitsima X C. pumila (chinquapin) X C,. denlala 
C. crenata X C. SMuxnii (Chinese chinquapin) 

C. moUisaima X C. aeguinii 

(C. crenata X C. dentala) X C. denlata 

(C. crenata X C. denlata) X (C. crenata X C. denlata) 




)T* — S8 Is appnrently n ooiiiblnalion HZ' C crenata and f puiatla; made by Walter Van fleet, TJ 
partment of Agriculture.) 


Many of the C. crenata X C. denlata hybrids Rive promise of timirer types and 
appear to be resistant to chestnut bliglit. So far, they have been subjected only 
to natural infection, but in 1936 all hybrids were artificially inoculated. It is too 
early to determine the results of these inoculation tests. Some of the hybrids 
bloomed at 3 years of age; these were immediately useii for further hybridization. 

1. SEfiD Origin Research Forest “ 

Investigations originally started by the Broarn Co. arc being conducted with 
Scotch pine, Norway sprtice, and European larch. Tlie purpose of these experi- 
mental plantations is to determine the most desirable proveniences for reforesta- 
tion in New Hampsiiire. Most of the plantations are too young to provide per- 
tinent information. 

New York State Consertntion Department, Bureau of fnrestigation^^ 

1. Seed Okigin 

Pinna ayheatna (Scotch pine) 

Four generations, ranging in age up to 30 years, arc now available for study. 
Observations to date indicate the possibility of nist-rcsislaiit strains and two 
apparently inherent growth fonns; a straight-boiled, small-hintjcd tyiie with 
small pointed crown, and a fairly straight-bolcd, large-limbed tyi)e with large 
bushy crown. 

Neiv York State College of Forestry 

2. Seed Obigi.v 

Investigations with climatic varieties of two species of Picea, five H|>ecies of 
Pinua, and two species of Larxx have been started on the Pack Demonstration 
Forest, Warrensburg, N. Y. 


Oxford Paper Co. in Cemperation uith the Netv York Botanical Garden “ 

3. Tree Breeding 

A breeding project was initiated in the spring of 1924 to develop new hybrid 
poplars of particular value for pulpwood reforestation in Maine (Stout and Schrein- 
er, 1933).” A total of approximately 13,000 hybrid seedlings was obtained from 
99 different cross combinations l)ctwc<>n 34 different types of Populiia, as follows' 

The parents are arranged in alphalietical order within the main groups of 
poplars, and the extent to which each wa.s used in hybridization is indicated by 
the use of the numbers assigned in the sequence. The iiumljer of seedlings grown 
for each cross is indicated in italics under the female parent. Thus in the cross 
P. albaXP. alba nivea 67 seedlings were grown. 

A. The white poplars. 

1. Populua alba 9 X2 (67); 3 (tf); 4 (.^4); 6 (2.,?); 7 (/ZJ). 

2. P. alba nivea X 1 - 

3. P. caneaxxna cf X 1 • 

B. The aspens. 

4. P. adenopodad'Xi, 17. 

5. P. grandxdentatad'X 10, 31, 32. 

6. P. tremulacf XI, S. 

7. P. tremula Datndianad' XI. 

8. P. tremuloidea ^ X6 (//). 


" At Hillsboro, N. H. 
« At Albany, N Y. 

» At Syracuse^ N. Y. 


Syracuse, N. Y. 

Ramford, Maine, and Bronx Park, New York City, respectively. 

1 Bibliography, published in the Yearbook separate of this article. 
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C. The black poplars and cottonwoods. 

“ <''®= 

10. P. haisamxfera virginiana9 X5 (178); 10 (ISS); 11 (18); 12 (189); 

16 (208); 21 (183); 22 (7); 2.5 (2/0); 26 (2^5); 34 (706). cfXO, 10, 
1 3| ^ 

11. Cottonwood (unidentified) o’ X 9, 10, 13, 1.5, 18, 19, 31, 

12. P. caudinad'XQ, 10, 13, 18, 26, 29, 30, 31, 32. 

13. P. charkowiensis 9 X 10 (288); 11 (287); 12 (288); 16 (283); 21 (312); 

22 (62); 2r) (188); 26 (249); 34 (221). 

14. P. Eugenei clone cf X 17, 23. 

15. P. fremanli^ X 10 (7); 11 (9); 16 (108); 21 (194); 2.5 (217); 26 (89); 

34 (126). 

16. P. tncra««a/ad'X9, 10, 13, 15, 18, 19, 29, 31, 32. 

17. P. nigra? X 17 (6); 14 (4/>); 17 (184); 20 (44); 27 (217); 28 (377); 

32 (2); 34 (200). 

18. P. nigra baatamcorum vilrum<) XIO (8); 11 (80); 12 (61); 16 (10); 

21 (167); 25 (170); 34 (121). 

19. P. nigra helulifolia^i X16 (11); 11 (11); 16 (141); 21 (86); 25 (188); 

34 (200) 

20. P. nigra Italica (cion Lombardy) o' X 17, 23. 

• 21. P. nigra plarUieren.iisd'XQ, 10, 13, 15, 18, 19, 26, 29, 31, 32, 33. 

22. P. robusta cloncd’Xfi. 10. 13, 32. 

23. P. »argenHi<i XIO (72); 14 (50); 20 (25); 23 (36); 26 (149); 27 (309); 
28 (61); 32 (14); 34 (233). 


1). The balham poplars, ami the older hybrids strongly balsam in character. 

26. P. barotineniiis<i X12 (8); 21 (17); 24 (29); 25( 62); 26 (31); 34 (27). 

d'X9, 10, 13, 15, 26, 2.3, 29, 31, 32, 33. 

27. P berohnrnxw rossicacf X 17, 23. 

28. P. launfoha cf X 17, 23, 33. 

29. P. majnmoincztt9 X12 (179); 16 (./); 21 (146); 28 ( 112 ); 34 (5) 

30. P. petrowiKkyana 9 X 12 (.^.5) 

31. P ragu7nowskyana9 Xo (2); 10 (68); 11 (.30); 12 (70); 16 (^^5); 21 (78); 

25 (.9/); 26 (183); 34 (/.{5). 

32. P s*w««ij9X5 (32); 12 (99); 16 (76) 21 (/75); 22 (/); 25 (165); 

26 (189); 34 (44). d‘Xl7,23. 

33 P tacamahacca candteans clone Balm of Gileati 9 X 10 (8); 21 (40); 

26 (82) ; 28 (8) 

34 P. trichocarpnd'XO, 10, 13, 15, 17, 18, 19, 23, 26, 29, 31, 32. 


Approximately 700 hybrid seedlings were originally selected for intensive study 
and evaluation, and of ihis nunilx-r 69 are still unilor close observation. Descrip- 
tions have been publishctl of 10 of these hybrids that ajipear particularly promising 
for use in reforestation. 

Propagation of the new jioplar hybrids has been entirely legetative, by cuttings. 
Manv of the hybrids have so far indicated greater growth vigor than any previously 
known poplar species or hybrids. Some have Ixien practically immune to certain 
diseases, particiilarlv Md'ampsora rust and Fmiclndium twig disease. Selections 
have included fro.st-iiardy type.s uith gwKl forest form that grow vigorously from 
cuttings. There is evidence that the wood of many of the fast-growing hybrids 
will be denser, and will prmhice somewhat longer fibers, than the aspens now 
used for pulpwood. Most of the original hybrids arc growing in plantations 
(now 9 and 10 years old) and many have begun to bloom; some individuals 
flowered at the age of 7 j ears. 


Forkign Agencies 

Austria, Forstlichc liundes, Versuchsatistah, Mariabrunn 
1. Seed Origin 

Considerable research has been carried out on climatic races and on the im- 
portance of the seed origin of forest trees. This work was started previous to 
1900. The progress of the work has been reported m publications by Cieslar, 
Tschermak, and Oehm. 
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Canada, Petawauxt Forest Experiment Station,*’ Ontario 

3. Trie Breeding 

Crosses between black ^ruce and Norway spruce, attempted in Canada in 
1934, were unsiiccessfiil. In 1936 Populut caneseena was crossed with P.grandi- 
dentata, and P. tremuloides was crossed with P. grandidentata, in an effort to 
obtain a hybrid combining the wood characteristics required for match and 
veneer wood with resistance to heart rot. 

C. Heiinburger of this station reports that in 1932 he crossed red spruce witli 
Norway spruce wliile working in New York State. Good seed was produced, 
and the seedlings are now being grown by the New York State College of Forestry. 

Denmark, Royal Veterinary and Agricultural Ctdlege, Copenhagen 

3. Tree Breeding 

In the spring of 1924, Abies cottcoW loieiana (Pacific white fir) was successfully 
crossed with A. grandia (lowland white fir), and the hybrids arc under observa- 
tion at the present time. In 1929 Juglana aieboldiana (Japanese walnut) was 
successfully crossed with J. cinerea (butternut). Reciprocal crosses have licen 
made betw'een Lanx leptolepia (Japanese larch) and L. decidua (Kiiropcan larch). 
Rather c.vtensivc self-pollinations have lH*eu inatle by covering portions of largo 
trees, or entire smaller trees, with closely woven canvas. A tree of Chamaecifparia 
sp. was selfed by covering its top. A larch (7.1 m tall) thought to bo a hybrid 
between Larix gmelini and L. leptolepia w&a tented and self-fertilucd. A small 
Japanese larch w as also selfed by potting and tran.<.ferring it to a greenhouse. 

Germany, Botanisches Institut der Vorstlichen HiKhschuJe, Ebermalde 

1. Seed Origi.n 

Studies are now under way on climatic rac<^ of Pinus splvestris (Scotch pine) 
and Paeudoisuga laxifnlia (Douglas fir). Progenies of Douglas fir from 19 differ- 
ent seed sources are growing in the vicinity of Kberswalde. Particular emphaNKs 
has been placed u|)on the po.ssible selection of Douglas fir races that are highly 
resistant to Rhabdochne leaf disease. Re.sults to date indicate that in goueral the 
American coastal forms, although not entirely immune, are sufiiciently resi.stant 
to warrant further use in forest planting; that the nioiintaiii forms are slower 
growing, more susceptible to the disease, and cannot l>e recommended; and that 
certain t\ pes should be discontinued entirely. 

3. Thee Breeding 

Reciprocal crosses between Pinus monlana and P. ai/lveatria have apparently 
been unsuceessful Since natural hybrids between tliese species have been 
reported, it is possible that the negative results may h.ave been due to lack of 
“crossibility” of the strains that were useil. 

Germany, Forstbolanisches InsliUU, Tedinischen Hochschule, Drestlen 
{Forstliche Abteilung Tharandt) 

1. Seed Origin 

Seed origin investigations of a large number of forist trcc.s, including pine, 
spruce, larch, oak, Ik-ccIi, a.spen, alder, a.sh, and maple, arc under way at this 
station. In addition to the above the following species of most diverse seed 
origin are also being tested in e.sperimcntal plots: Paeudoisuga taxifolia, lietula 
verrucosa, Pinus murrayana, Abies cilicica, Ptnns artneniaca, P. peace, Pieea 
engelmartnii, P. sitchenais, Chamaecyparis lawsoniana. 

Great Britain, Forestry Commission of Great Britain, Research Division^ 

1. Seed Origin 

Investigations on climatic races of Paeudoisuga taxifolia, two species each of 
Larix, Picea, and Quercus, and four species of Pinus are under way. This work 
was started in 1925 and it is too early to draw any conclusions. The investiga- 
tions will include a study of growth and form, fro.st-liardincss, and resistance to 
fungus and insect attacks. 


•At PvtawawB, Ontario. 
»‘At Isradon. 
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Switzerland, Eidgenossische Zentralanstak fiir das Forstliche 
Versudisuxsen, Zurich 

1. Seed Origin 

Studies ou site races, form races, and so forth, were started in 1898 with two species 
each of Pinua and Quercua, one ^cics each of Picea, Abies, Larix, Fagus, Acer, and 
otlier important tree species. These studies include the influence of geographical 
location, latitude, altitude, soil, precipitation, form, age, and position of the 
parent tree in the stand. Results indicate that the following characteristics are 
inherited; Color and size of needles and leaves, crown form, stem form, increment, 
growth periods, and resistance to fro.st, heat, light, snow, fungi, and insects. 

These investigations are of great importance since they are to be applied to 
protection forests in many of the regions where natural regeneration is practiced, 
fesults have been published by Engler, Nageli, and Burger. 

JlIBLIOGRAPHY 

A bibliography for this article, including over 300 refereiicis related to fore.st 
tree liroeding, will he published in the 1937 Yearboiik Separate containing the 
te.\t of the article. 



BREEDING PROBLEMS 
WITH ANGORA GOATS 


W. V. LAMBERT, Senior Animal 
Husbandman, Animal Husbandry Di- 
vision, Bureau of Animal Industry 

Since its domestication tho goat has served man well. As a source 
of milk, meat, mohair, and skins it has furnished him both food, and 
clotlung, and because of its brush-eating proclivities, has spared him 
untold amounts of hard labor with the brush hook. 

Since 1900 the Angora goat industry in the United States has tinder- 
gone rapid expansion. At present it is confined largely to the South- 
western States, nearly 90 percent of all Angoras being produced in 
Texas, New ^^exico, ami Arizona. The estimated average yield of 
mohair per goat in 1935 was 4.4 pounds although the average yield 
in some of the better flocks was probably twice as great. Practically 
all improvement has come about through practical breeding. In 
comparison with other farm animals, little in the way of scientific 
research has been done with the Angora goat. The Texas Agricultural 
Experiment Station is the only place in the United States where experi- 
mental work is now known to be conducted with this breed. Re- 
search is badly needed on problems pertaining to the development of 
strains yielding larger amounts and a better quality of mohair. Tech- 
niques have been developed for the study of mohair that, combined 
with the proper genetic research, offer possiblities of improvement 
yet unrealized. 

It is quite certain that the goat was one of the first domestic animals. 
In all probability, it was first domesticated in western Asia, and from 
there it was brought into Africa and other countries. After centuries of 
selection, the domestic goat is very different from its wild ancestor. 

The goat is probably descended from the pasang or Grecian ibex 
{Ca’pra hircus aegagrm), a species of wild goat found in Asia Minor, 
Persia, and contiguous countries. It appears unlikely^ that any wild 
species other than the pasang had an appreciable part in tho ancestry 
of the domesticated goat, although for some breeds, as the Malayan, 
C^hmere, and Angora goats, the evidence is not so convincing that 
this form was the sole ancestor. It is possible that the ibex and markhor 
may have been represented in the ancestry of these breeds, for Lydek- 
ker (5)‘ states that both of these forms will breed readily in confine- 
ment with domesticated goats. 

The development of the long-haired type of goats was accomplished 
centuries ago^ principally in Asia Minor, where the Province of 
Angora gave its name to the best known of such breeds. How the 
short hair of the pasang and other possible ancestral forms developed 
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jnto the long hair characteristic of the Angora goat is not clear, but 
it seems most likely that it was simplv by the selection of animals with 
variations in length of hair. Whether a single major mutation ac- 
counted for the change, as appears probable for long-haired types in 
the rabbit and the guinea pig, is unknown, but it would seem certain 
that the selection of minor variations in length of hair has modified 
the character in the desired direction. 

According to Willingmyre, Window, Spencer, and others (20), 
the original Angora goat was described as a comparatively small animal 
with a fine lustrous, silky fleece that hung in ringlets and attained a 
length of 8 to 10 inches. In the early part of the nineteenth century 
the demand for raw mohair became so great that the Turks, who were 
the original breeders of the Ai^ora, were unable to increase their herds 
rapidly enough to meet the demand. This resulted in hybridization 
of Angora bucks with common Kurd does in an effort to increase the 
number of mohair-producing animals quickly by grading up the com- 
mon goats of the region. This practice became so prevalent that 
purebred Angora goats were practically eliminated. However, the 
new type of Angora developed from these cross-breds is a lai^er and 
hardier animal that yields a heavier though somewhat coarser fleece 
than the original Angora. 

THE DISTRIIIUTION OF ANGOKA GOATS 
FROM ASIA MINOR 

Althouoh the .Vngora goat was developed in Asia A15nor centuries 
ago,’* its ^rend into other portions of the world is relatively quite 
recent. The first European record of the Angora goat appears in 1554 
when, according to Cronwright Schreiner (2), the Dutch ambassador 
at Constantinople procured a pair of Angoras and sent them to the 
Emperor, Charles V. However, mohair yarn was known before tliis 
date in Europe. Following this early importation of Angora goats 


•The use of niolmir can he tra<'e<l to the time of Mows The Bible words that Moses commanded the 
children of Israel, afler lieing drill cred from slatpry in Keyid, to brine n hue silk and goats' wool to weave 
altiir cloths for the l.ihernaclr (Jb) 


ONE oj the most urgent needs for breed improvement in all branches 
of livestock, including mohair goats, is the development of more and 
better criteria for the selection of breeding animals. Too generally, 
selection is based solely upon the animaVs appearance, or pheno~ 
type, and it is a ivell-knotm fact, substantiated both by practical 
experience and by genetic evidence, that appearance is not cduays a 
good criterion of an animal’s breeding worth. It is of value and 
must be taken into account, but it is only a part of the story. The 
question is, not what an animal looks like, but what inheritance it 
will pass on; and it is impossible to determine this from appearance. 
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to Europe, many attempts were made to establish them but without 
success until the nineteenth century. 

In 1838 Angora goats were first introduced into South Africa. _ These 
goats were crossed with native goats and by a process of selection and 
inbreeding, herds of high merit were established. The goats were 
prized by the Boers, not so much for their mohair, but, according to 
Kose (fl), because the infusion of the Angora blood into the native 
herds made the cross-bred goats less subject to cutaneous diseases and 
more able to resist scab._ The cross-brwls_ wore also earlier maturing 
and heavier than the native goats, and their flesh was more palatable. 
No more importations were made into Soutli Africa until 1850, but 
after that date several were made and the industry has grown until 
today South Africa, Turkey, and the United States are the countries 
producing the largest quantities of mohair. 

The first importation of Angoras into the United States was made 
in 1849 by James C. Davis of Columbia, S. C. It consisted of nine 
choice anmials — seven does and two bucks. Thej^e goats wore ex- 
hibited at many fairs, where they w’on numerous prizes and received 
much publicity, witli the result that great interest w^as stimulated in 
Angora goats. 

In 1860 a second importation of 8 Angoras was made by William 
Henry Stiles of Cartersville, Ga., tliis being followed by an importa- 
tion of 67 goats by Winthrop \V. Chenery of Belmont, Mass., in 1861. 
In the next decade several importations were made, including one 
by Israel S. Diehl, who had been commis-sioned by thc_ United States 
Commissioner of Agriculture in 1867 to visit the l^ovince of Angora 
for the purpose of investigating the moluiir industry. 

During the 30 years from 1870 to 1900 several small importations 
were made by various breeders, mostly bucks to be used in the im- 
porters’ herds. In 1904 one of the hu-gest and most notable of all im- 

f mrtations, consisting of 148 goats, was made by G. A. Iloerle of Mid- 
and Park, N. J. This shiinnent, w'hicli came from South Africa, 
was made possible by the temporary suspension during the Boer War 
of the very high export duty of 1(K) pounds sterling on each Angora 
goat by the South African Govcrninent. Soon thereafter the expor- 
tation of Angora goats w'as prohibited from South Africa and this 
embargo remained in effect for nearly 20 years. 

Recent importations of Angora goats have been few and limited to 
a small number of individuals, mostly bucks. The latest importation 
from South Africa was made by E. C\nwood into Texas in 1925. 

THE ANGORA GOAT INDUSTRY IN THE UNITED STATES 
Following the Civil War the growing of Angora goats spread into 
many parts of the country and the number of goats increased rapidly. 
Introduction into new regions was at first largely for the purpose of 
brush extermination on new' lands being opened for settlement in the 
West. In some regions w'here these goats proved to be well adapted, 
however, an interest in Angoras for the production of mohair devel- 
oped, and the industry has finally become firmly established in certain 
sections. 

Since 1900 the industry in the United States has undergone rapid 
expansion. The number of Angora goats increased from 329,300 in 
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1900 U) to 2,101,591 in 1920 and to 3,785,127 in 1930 (14). Figures 
showing the status of the Angora, goat industry in the United States 
in 1930 are given in table 1. 


Table 1. — The .iUUu.i «/ the Anffira fipat induMry in the UnUed States in 1930 



From those figures it is apparent that Angora goat produetion is 
largely confined to the southwestern part of the United States; and 
that Texas had over 78 percent of all Angora goats in 1930, with 
New Mexico and Arizona accoiinting for over 10 percent of the remain- 
ing goats. In Texas the majority of the goats are raised in the Edwards 
Plateau area in the southwestern part of the State, where they are kept 
in large numbers on ranches. In Arizona and New Mexico simitar 
conditions exist, this method of pro<luction being responsible for the 
largo number of goats reported per farm in those States. 

oince 1930 there has been some decline in the total number of 


Angora goats in common with a reduction in number for most classes 
of livestock. Tlie 1935 census of agriculture listed 4,093,441 goats 
of all kinds in the United States, whereas in 1930 a total of 4,821,294 
were listed. If there Avas a proportionate reduction in the number of 
milk and Angora goats the approximate number of Angora goats in 
the United States in 1935 was 3,211,000. 

The production of mohair and estimated average weight of mohair 
fleeces at 5-year intervals since 1920 for the six leading States are 
shown in table 2. While the total production of mohair increased in 
liro])ortion with the increase in number of goats, it may be noted 
that the average production jier goat did not increase greatly, although 
there was a slight, but not constant, increase m average fleece weight. 
For some States, notably Texas, New Mexico, and Oregon, the 
average weight of fleece was greater than for other States. The 
reason for this is not apparent, but it is probable that both better 
breeding and better management were responsible. For instance. 
Angora goats in Missouri are kept in small herds pnncipally for the 
purpose of clearing biushland, whereas in Texas and some of the 
other States they are kept in large herds primarily for the produefaon 
of mohair. It is to bo expected that in Texas more careful attention 
will bo given to the selection of breeding stock, as well as to providing 
conditions most favorable for mohair production. , . , . 

In addition to its value as a producer of mohair, which is a very 
important textile fiber, the Angora goat is useful for cleanng brush 
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from ■virgin land (fig. 1 illustrates the feeding habits of the animals) 
and it is a valuable source of meat.. During the fiscal year ended June 
30, 1936, a total of 51,461 goats wore slaughtered in packing plants 
under Federal inspection (/3, p. 27), a largo proportion of which were 



Fifftre 1 . — Angora goals brn\s8ing. I'his is a oniiinioii srene in the Kdwards Plateau 
section of Texas. Tlie goats obtain a large part of their feed from the browse that 
grows abundantly in this section. 

Angora goats. This meat, sometimes known as chevon, is similar 
in flavor to lamb and mutton. 


Table 2. — Production of mohair {including kid hair) and estimated average uxi^t 
of mohair fleeces per goat in the 6 leading producing .States at S-ycar intervals from 
tQ2n to 1QK. inrliuive 


State 

1920 

1925 

1930 

1935 

Prixiuo- 

tioo 

pounds 

6,78« 

397 

464 

462 

146 

230 

Fleece 
a eight 

IHmnis 
3 7 

3 2 

3 2 
4.0 
Zb 

3 6 

Prixluc- 

tlOD 

weight 

Produc- 

tion 

i'S 

Produc- 

tion 

1,000 

pounds 

13,000 

920 

480 

331 

210 

133 

Fleece 

weight 

Texas 

New Mexico 

ArisoDa - 

Orecon 

MISBoarl 

California 

1,000 

pounds 

8,519 

444 

599 

462 

188 

220 

t'ounds 
4 6 

3 7 

3 7 

4 2 ' 
28 i 
4 4 

i,m 

pounds 

14,800 

815 

900 

480 

168 

140 

I'ounds 
4 2 

3 9 

4 0 

4 0 

2 5 

3 5 

Pounds 

4.6 

3 2 

3 H 
Zb 
3.8 

Total or average 

(1,474 

' 3 6 

1(1432 

4.4) 

17,303 


15,074 

4.4 


Bureau of Agricultural Economics, U. S. Jlept. of Agr. 
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Goat meat, according to Wdliams 09), goes quite generally into 
the regular meat trade. In cities and towns in the range districts 
A^ora wethem are marketed freely as such and the meat is consumed 
without discrimination by the buyer. Accx>rding to some buyers 
properly finished goat meat has a sweetness lacking in mutton. Studies 
by Miller ® indicate that the flavor of the meat from kids and lambs 
is very similar ; in fact, the flavor was identical as far as the committee 
judging the two types of meat could decide. The goat meat was a 
little coarser in texture and for the older goats was graded as slightly 
tougher and somewhat drier. In eastern markets the status of goat 
meat has never been established and occasional efforts to sell it in 
these markets have been disappointing. 

In general the goat carcass is not so well-fleshed, it is not susceptible 
of so high a finish, nor is the dressing percentage so high as that of 
the average sheep carcass. The selling price of the Angora wether 
is about 60 percent of that of the sheep wether where large numbers 
are sold. The lower price of chevon meat is attractive to consumers, 
and the (^^uality of the meat is probably superior to that of mutton 
that could be obtained for the same price 09). 

Improvement Urought About by Selective Breeding 

The improvement of Angora goats in the United States has come 
about through selective brceiling. Following the earlj^ importations, 
imported bucks were used extensively on a foundation of common 
short-haired does. Through selection and the use of imported bucks 
improvement progi-essod until the supply of high-class stock is now 
so plentiful that cross-breeding is seldom practiced. At present the 
chief method of breed improvement is based on a program of selection 
within purebred Angora stocks. Figure 2 shows a buck and a doe 
representative of the breed. 

For the most part, the range herds of Angoras are composed of 
high-grade does that arc mated with purebred bucks obtained from 
breeders who specialize in the production of registered animals. 
Slost of these breeders are in the States of Texas, Oregon, New 
Mexico, and Arizona. 

Agencies That are Sponsoring Breed Improvement. 

In 1900 the American Angora Goat Breeders’ Association established 
a registry system for Angora goats. The foundation animals admitted 
to registiy were chosen after official inspection of high-grade American 
Angoras, ami only animals conforming to the standards required by 
the association were admitted. From 1900 to 1924 all goats re^tered 
by tliis association traced to these foundation animals or to Angoras 
imported dining this iieriod. In 1918 another association, the Na- 
tional Angora Record Association, was organized and incorporated 
under the Taws of Texas, but this association merged with the American 
^\jigora Goat Breeders' Association in 1924. At present the latter 
association is the only organization registering Angora goats in the 
United States. Up to 1937 a total of about 170,000 ^Vngora goats have 
been registered. Claudine Bomland of Rock Springs, Tex., is the 
secretary of this association. The dii-ectory of the association, pub- 

iMillir, R. H QuauK and palatabiutv op chevon. Master's thesis, OitK- State Col. 1929. 
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lishcd in October 1934, lists a total of 353 members, 266 of whom are 
in Texas. 

Other organizations that are active in sponsoring Angora goat 
breeding and improvement are the Arizona Mohair Growers' Associa- 
tion and the Texas Sheep and Goat Raisers’ Association. 

The Angora Journal, published at Portland, Orog., by A. C. Gage, 
is the only journal in the United States that specializes exclusively 



I igure 2. — Ku Angorci buck and due in full fleet e. 'Ihciie individuaU 
are guod repre»enlaUve» of the brecil. 

on the promotion and improvement of .Vngoia goats._ The South- 
western Sheep and Goat Raisers’ Muga/iue is the ollicial publication 
of the Texas Sheep and Goat Raisers’ Assotiation. 

•Ri:SE\RCH, I^CJ.LDI^G TH4T AT FEDERAL 
AND STATE STATIONS 

Reslarcii pertaining to Angola goats either by States or by the 
Federal Government is %ery limited. At present, only three projects 
are listed in the Office of Experiment .Stations that deal with Angora 

f iats, and those are all being conducted at the Texas Agricultuial 
xperiment Station. They cox'or 

1. The inheiitance of type in Angora goats. 

2. Inheritance of the ndgling * characteristic in goats. 

3. Cytological and hybridization stinlies with goats. 

In 1915 the Texas Agiicultural Experiment Station established a 
branch experiment station, generally known throughout the South- 
west as the Ranch Experiment Station, in the hidwards Plateau 
section midway between Sonora and Rock Springs (fig. 3). Much 

<RIdKlinK« or an animala characterized by cryptorchidism, the condition In which one or both 
teste* IsU to descend into the scrotum Usually it involves but one testis, but occasionally both 
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of the research at this station has been devoted to a study of Angora 
goats and mohair, and several bulletins have been published deding 
with various aspects of mohair production, particularly studies on 
the influence of such factors as age, sex, individuality, and pregnancy 
upon the quantity and quality of mohair produced. The Bureau of 
Animal Industry of the Unite<l States Department of Agriculture has 



Fifiire 3.— The luhoraiory building at the Texas branch exi>eriinent station near 
Sonora, Tex. This is the only research institute in the United States that is carrying 
on investigations with the .Angora goat. 

cooperated in some nspeets of these investigations, chiefly on studies 
pertaining to ciuality of mohair. 

Several years ago the Oregon Agricultural Experiment Station 
maintained an experimental herd of Angora goats, but with the 
curtailment of funds for research that followed the depression, this 
herd was disbanded. 

Results of the Germ-Plasm Survey 

As a part of the survey of germ plasm in animals and plants, the 
Department of Agriculture sent questionnaires to agricultural experi- 
ment stations in those States where Angora goats are of considerable 
economic importance and also to all prominent breeders whose names 
could bo obtained . The breeder was asked for information concerning 
(1) the size of his henl, (2) the number of purebred and grade goats 
in the herd at present and during each of the last 5 years, (3) the total 
yield of mohair for each of the last 5 years, (4) the number of sires 
used in the herd, (5) the proportion of single and multiple births 
observed during the last 2 years, (6) the names of any ou^tandmg 
strains bred by him, and (7) whether he was practicing mbreedmg. 
If he was practicing inbreeding the breeder was requested to furnish 
pedigrees of several of his most highly inbred animals. 

There were very few returns from the questionnaire, and as a 
result no very definite conclusions can bo drawn. Some breeders 
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reported that they were practicing some inbreeding, but no pedigrees 
from which the d^reo of inbreeding could be determined were 
included in their replies. Nor is this information available anvwhere 
in published form, since the record association does not publish herd- 
books. While a few breeders liave attempted to develop and maintain 
certain breed lines, the number of attempts to do this is small, and no 
families that could bo compared with some strains of cattle — as, for 
instance, the Anxiety 4th Herefonls — were reported. It is improbable 
that such strains exist among Angora goats. Some breeders follow 
the plan of using bucks produced in their own herds; others the plan 
of purchasing sires from other herds; while some use a combination of 
both plans. . Since no importations have been made in recent years, 
little improvement has recently been accomplished in this manner. 
Apparently there has been a tendency among Angora breeders to 
breed for definite points such as certain lleece types, the elimination 
of beards, etc., rather than for the development of breed lines of 
especial merit. 

From the data submitted it is apparent that mohair production in 
the flocks of the better breeders is much above the average reported 
in table 3. Two breeders reported an average annual production per 
goat during the last 5 years of over 7K pounds; others, an average 
annual production of over 6 poimds. These figures are from 2 to 3 
pounds, or some 40 to 70 percent, above the estimated average pro- 
duction for all Angora goats. 

No great tendency was observed in any of the herds reported for 
the production of multiple birtlis. A considerable reduction has been 
nuum in the size of some purebred flocks since 1030. 

Genetic and Fleece Studies on the Angora Goat 

Only a few investigators have studied the genetics of the Angora 
goat and most of the studies rcfiorted thus far are in their preliminaiy 
st^es. Warwick (16) foun<l that the presence of horns is dominant 
to homlessness in the Angora and he suggests that one major factor 
governs the inheritance of this character, although the data are too 
few to allow for definite conclusions. Most purebred Angora goats 
have horns. 

Cryptorchidism, an inheriteil defect that is quite common in Angora 
goats, has been investigated by Lush, Jones, and Dameron (8), and 
by Warwick (/5)._ The exact moile of inheritance is not known, and 
its determination is difficult since the defect can be observed only in 
the male. The condition is recessive and at least two pairs of factors 
are involved. 

The mode of inheritance of fleece length has not been determined, 
but Davies (3) states that the long-haired condition appears to be 
recessive. From the meager evidence available, however, it seems 
probable that hair length is detennined by multiple factors. 

The effect of individual differences and of such factors os age, sex, 
pregnancy, and lactation on the quality and quantity of fleeces 
produced by Angora goats has been investigated by Lush and Jones 
(7), and by Jones, Warwick, Dameron, and Davis* (d). The studies 
by Lush and Jones show that about 17 percent of the differences in 
fleece weight produced by goats similar in age, sex, and general breed- 
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ing is permanent throughout the life of an individual and hence is 
subject to selection. The exceptional individual is of more importance 
in the less uniform flocks, and it is in such flocks that selection would 
be most effective. It was determined, furthermore, that permanent 
differences in fleece weight show up less accurately at first shearing 
than at later shearings and that they show more accurately at the 
fall yearling shearing, usually the second shearing, than at any other 
age. This is an important determination from the breeder’s stand- 
point since culling at this age will result in the selection of those goats 
with the greatest inherent mohair procluction. 

Jones, Warwick, Dameron, and Davis (6) found that the age of 
the animal had a marked influence on both the unscoured and the 
clean weight of the fleece, the weight increasing to a maximum at 
3 years, after whicli it becomes steadily less. Diameter of mohair 
fiber and body weight were shown to increase until the animal reached 
8»years of age. Length of staple, amount of kemp or coarse inferior 
hair in the fleece, and the extent of belW covering were somewhat less 
influenced by the ago of the animal. Staple length reaches its maxi- 
mum the first year and the mohair produced during the first year is of 
somewhat better (juality than that produced later. 

The body weight of bucks was found to be about 23 percent greater 
than that of does, while their fleece weights averaged about 18 percent 
greater unscourcd and 29 percent greater when dean. The diameter 
of fiber wjis observed to be coarser in the fleece of the male but the 
staple length was somewhat less. Pregnancy was shown to reduce 
the fleece weight, as did the suckling of young. A somewhat similar 
effect of pregnancy was observed upon staple length although this 
effect is more pronounced in younger than in older animals. 

Attempts to Cross the Sheep and Goat 

Various investigators {11) have described apparent sheep-goat 
hybrids and a few writers have stated that such hybrids are rather 
common in some sections. Other workers have questioned these 
conclusions, and in the light of controlled attempts to make this 
cross it is probable that living hybrid offspring are rare, if they exist 
at all. 

Heller, cited by Popenoe {10), reported that attempts to make such 
crosses between Barbados sheep and the goat in the laboratories of the 
Bureau of Animal Industry were unsuccessful. Recently Warwick, 
Beriy, and Horlachcr (;6’)" described attempts to cross Angora does 
with rams, mostly of the Merino breed. In all 38 such matmgs were 
made. In 21 females it was determined that fertilization and im- 
plantation of the egg took place, but in no case were living young 
obtained. Two of these does were sacrificed, one 44 days after breed- 
ing and the other 62 days after mating. In both cases apparently 
normal embryos were found. The cjuises for the early death of the 
hybrid fetuses have not been determined. . , , 

Not all rams that were tried would mate with the does and, con- 
trary to general oiiinion. Angora males would not mate with ewM. 
However, one Angora male that was raised on a sheep foster mother 
was mated with 17 ewes, but there is no evidence that fertihzataon 
occurred in any of these coses (J7). 

138004'— .IT «2 
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OPPORTUNITIES FOR FURTHER IMPROVEMENT 
It is apparent from the facts presented here that credit for improve- 
ment of Angora goats must go to private breeders, past and present, 
who alone have been responsible for bringing this breed to its present 
development. But improvement is now very slow, and if further 
progress is to be stimulated and encouraged, new measures are called 
for. On this point few will disagree, but the breeder may well ask 
Avhat steps can be taken to bring about further improvement. It 
must be confessed that there is no single ea.sy formula. If further 
improvement is desired, what will be needed is a program that includes 
the active cooperation of breeders, breed as.sociations, State and 
county extension workers, and finally, the research staffs of State 
and P'ederal experiment stations. 

No attempt will bo made here to outline a lesearch program for 
Angora improvement, but some of the points that need be considered 
will be briefly discussed. 

One of the most urgent needs for breed improvement in all branches 
of livestock husbandry at the present time is the development of more 
and better criteria for the selection of breeding animals. Too gen- 
erally, selection is based solely on the animnrs appearance, or pheno- 
type, and it is a well-known fact, substantiated both by practical 
experience and by genetic evidence, that appearance is not always a 
good criterion of an animal’s breeding worth. It is of value and must 
be taken into account, but it is only part of the story. The question 
is, not what an animal looks like, but what inheritance it will pass 
on; and it is impossible to determine this from appearance. How to 
determine it is a question that science is as yet far from ha\’ing 
answered in the case of animals. Research workers, are attacking 
the problem, however, and eventually methods should be de^’ised for 
determining and evaluating the factoi-s of greatest importance in the 
selection of breeding stock. 

Meanwhile, in spite of present uncertainties, it is known that the 
progeny test is important in evaluating breeding animals. To use 
the^ progeny teat properly, however, requires the development of 
bettor records than tho.se that now e.vlst for mohair production. This 
is one part of an improvement program in winch the practical breeder 
can cooperate to advantage with the scientist. Before, such tests are 
xmdertaken, however, careful thought must he given to the kind of 
records that will be of the greatest us<*. 

To use the progeny test most effectively the breeder must have 
accurate data on tlie offspring of his herd sires. Among the records 
of most importance are quality of mohair, freedom from kemp, uniform- 
ity of body covering, and yield of moliair determined on a clean ba.sis. 
Twiile facilities are probably not now available for securing all such 
information, records could undoubtedly be obtained if there were a 
sufficient demand for them. In addition to their value to the breeder 
in the selection of .sires, such records would be of use to the scientist 
in getting at the basic physiological problems concerned in mohair 
production; and a more complete knowdedge of such factors is essen- 
tial to continued progress. 

Very little information existe concerning the inheritance of any 
characters in the goat and particularly of those characters that are 



ANGORA GOATS 


1291 


concerned in the production of good fleeces. Research in tliis field 
IS badly needed, since proCTess in breeding for fleece improvement must 
ultimately depend on a better understanding of the genetic factors 
involved. As an example, take the appearance of kemp in the fleece 
(fig, 4). The eliimnation of kemp fibers, which greatly reduce the 
value of the fleece, is one of^tbe most important problems in Angora 
goat improvement. Until it is known how the kemp-producing charac- 
teristic IS inherited, it can hardly bo eliminated from herds. 

There are now outstanding animals in the herds of many breeders, 
but along with them there are many mediocre and some inferior 



Fiffirc 4. -CrotMi seel ions of mohair fibers showing (.-1) freedom from kemp and (B) 
the presence of many kempy fibers. The keinpy fibers, vviiirh arc short, coarse, 
and irregular, arc cliaracteruod by a iiiediillalcd or hollow central portion. They 
do not take dye readily, and because of this and ihcir sliffiiesB and poor spinning 
qualities, the |ireseiice of such fibers in a fleece lowers its value. 

atiitnals. If it were possible for the breeder to increase the uniformity 
of the animals in his flock it Avouhl be a deoulcd step forward, little 
is now known of the factors making for uniformity of fleece type, 
although this question is of vital concern to the breeder and the 
producer alike. Research that will lead to the development of 
methods for improving ttniforinily in (locks is badly needed. 

These are two problems that should form part of a resenreh pro- 
gram. Others might ho discussed, hut enough has been said to 
indicate the need for a scientific approach to the problem of improve- 
ment. Research eommonly yields large returns for the funds and 
olTorts o.\pended, but the active encouragement of the industry is 
needed if an ailequate researi'h program for the improvement of 
Angora goats is to he carried on. 

Some Immkwate I^racticvl Steps 
In addition to sponsoring research Angora goat producers might 
foster improvement in other ways. One method that has jnirticular 
merit would ^ the development of a system of recording based on 
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iiipritorious production of mohair similar to the register of merit for 
many breeds of dairy cattle. In such records scoured weight, fineness, 
and uniformity of fleece and freedom from kemp shoiud he partic- 
ularly stressed. Other steps that would be helpful would be the inclu- 
sion of more information in pedigrees than they now contain, with 
provision for certification of production records by some competent 
and impartial authority. Since Angora goat breeders are concen- 
trated in a relatively few States, it sTioidd be possible to arrange for 
such certification of records with a minimum of cost to breeders. 
Such programs have been developed for register-of-merit records for 
other animals, and a similar scheme coidd be easily devised that woidd 
meet the requirements for breeders of Angora goats. 

Again, if mohair were sold on a quality rather than on a weight basis 
it would exert an influence toward improvement in the breed by 
stimulating producers to raise better goats. This is worth serious 
effort on the part of the breeders and their record association. The 
adoption of clifferent methods for the awarding of prizes at shows 
would also be a step to encourage better breechng practices. More 
emphasis should be placed on the get of sires and on outstanding fam- 
ilies^ and prizes shoidd be awarded to breeders on this basis. This is 
in Ime with the progeny test, and it would focus the attention of 
breeders on the breeding ability of their choice .animals. 

Many difficulties beset those who undertake the improvement of 
modem breo<ls of livestock. But in spite of the e.\<!ellence of modern 
breeds, their inherent variabilitv is still great and the opportunities 
for improvement are many. The situation is a challenge to breeder 
and scientist alike, and if any great progress is to be made they must 
work closelv together. 

BIBLIOGRAPHY 

(1) Black, W. L 

1900. A NEW IXDl'STKV, OR KAISINO THE ANGORA <iOAT AND MOHAIR FOR 
PROFIT. 486 pp , illub Fort Wortli, Tc\. 

(2) Croxwright Si'hkeixer, S. C. 

1898. THE ANGORA GOAT . . 2y(> pp , illus l.oiidiin aiiil New York. 

(3) Davies, C. J. 

1912. HEREDITY IN goats. Meiiilel Joiir. 3 104-1 16, ilhis. 

(4) Hardy, J. 1. 

1927. STCDIES OF THE OC< I’RREXCE AND ELIMINATION OF KEMP FIBERS 
IN MOHAIR FLEECES. U. .S Dcpt. A^r. Ti'fli. Bull. Sn, 16 jip., 
illus. 

(5) JoxEs, J. M., and Warwick, B. L. 

1930. INHERITANCE OF TYPE IN ANGORA GOATS. Tl'X. Agr. Expt. Sta. 
Ann. Kept. 43: 24-2.5. 

(6) Warwick, B. L., Dameko.n, W. H., and Davis, S. P. 

193.5. EFFECT OF AGE, bEX, AND FERTILITY OF ANGORA GOATS ON THE 
gCALITY AND QUANTITY OF MOHAIR. ToX. ArF. Expt. Sta. Bull. 
.516, 34 pp., illus. 

(7) Ll'sh, .7. L., and Jones, J. M. 

1924. THE INFLUENCE OF I.VDIVIDUALITY, AGE, AND SEASON UPON THE 
WEIGHT OF FLEECES PRODUCED BY ANGORA GOATS UNDER RANGE 

coNDiTio.xs. Te.x. Agr. Expt. Sta. Dull. 320, .54 pp., illus. 

(8) Jones, J. M., and Dameron, W. H. 

1930. THE INHERITANCE OF CRYPTORCHIDISM IN GOATS. TeX. Agr. Expt. 
Sta. Bull. 407, 23 pp., illus. 

(9) Lydekker, R. 

1898. WILD OXEN, SHEEP A GOATS OF ALL LANDS, LIVING AND 

318 pp., illus. Ixindoii. 


EXTINCT, 



ANGORA GOATS 


1293 


(10) [POPBNOK, P.], Cd. 

1915. ANCE8TKT OF THE GOAT. JouF. Heredity 6: 619-624. 

(11) Robebth, J. a. Frabeh, and Crew, F. A. E. 

1925. THE GENETICS OP THE SHEEP. Bililiographia Genetica 2: [2611-286. 

(12) Robb, P. D. 

1924. ANGORA GOAT INDUSTRY IN SOUTH AFRICA. .loiIF. Dept. AeF. UniOR 

So. Africa 8: 230-237. 

(13) United States Department of Agrk-ulture, Bureau op Animal 

Industry. 

1936. ANNUAL report OF THE CHIEF OF THE BUREAU OF ANIMAL INDUS- 
TRY, 1 936. 60 pp. 

(14) United States Department of Commerce, Bureau of the Census. 

1931-32. FIFTEENTH CENSUS OK THE UNITED STATES: 1930. 

(15) Warwick, B. L. 

1933. INHERITANCE OF THE ItlDOLING CHARACTER IN GOATS. TeX. Agr. 
Expt. Sta. Ann. Rept. 46- 28. 

(16) 

1933. INHERITANCE OF HORN.S IN ANGORA GOATS. Te\. Agr. Expt. Sta. 
Ann. Rent. 46: 39. 

(17) Berry, R. O., Hogan, A., and Horlacher, W. R. 

1035. CTTOLOGICAL AND HYBRIDIZATION STUDIES WITH SHEEP AND GOATS. 
Tex. Agr. Expt. Sta. Ann. Rent. 48: 36-37. 

(18) Berry, R. 0., and Horlacher, W. R. 

1935. RESULTS OF MATING RAMS TO ANGORA FEMALE GOATS. AlliCr. SoC. 

Anim. Prod. ^oc. (1934): 225-227. 

(19) Williams, G. P. 

1936. THE ANGORA GOAT U. S. Dept. Agr. Fanners’ Bull. 1203, 22 pp., 

illuR. (Revised ) 

(20) WlLLINGMYRE, G. T., WiNDOW, J. .1 , SPENCEB, D. A., HaRDY, J. I., ChAP- 

LINE, W. R , Fitzpatrick, F. E , and S«-hoffstall, C. W. 

1929. the angora goat and mohair industry. U. 8. Dept. Agr. Misc. 
Circ. 50, 120 pp., illiis 



IMPROVEMENT 
OF MILK GOATS 
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According to a recent survey by the ITniteil States Department 
of Agriculture, only two research institutes in the United States are 
now conducting investigations on milk goat breeding. Both institu- 
tions, the New Mexico Agricultural Experiment Station and the 
Department of Agriculture, have brought about great improvement 
in their herds by grading up common does with purebred bucks of 
milk breeds, and tfo results indicate great potentialitres for milk goat 
improvement by the application of breeding methods. 

THE GOAT AS A MIUK PRODUCER 
Milk goats arc widely distributed in the United States but, in con- 
trast with Angora goats, they are generally found in small herds and 
in many cases as one or a few individuals kept on the farm or in the 
back yard of the urban dweller. While they have not attained the 
position of economic importance of other classes of livestock, their 
numbers are increasing. Because a good milk goat \rill supply suffi- 
cient milk for the average family for at least 9 to 10 months of the 
year and can be kept where it would be impossible to keep a cow, they 
occupy a place in American agriculture not filled by any_ other class 
of livestock, and one that is probably destined to be increasingly 
important. 

The average milk production i.s low, but there are many high-pro- 
ducing individuals and some herds in which the average milk produc- 
tion is high. Great variability exists both in rate and persistency of 
lactation. 

The income of milk goat producers is ilerived principally from two 
sources — the sale of breetling stock ami the sale of milk and milk 
products. Goats’ milk has only a specialized demand and the devel- 
opment of goat dairy enterpnses has been limited largely by the 
market created by the protlucer’s own initiative. The producer of 
good breeding stock, on the contrary, has been in a more favorable 
position, for generally a greater demand exists for good stock than 
can be supplied. 

Goat meat and goatskins also contribute to a limited extent to the 
income of the goat producer. Thousands of goats are slaughtered 
annually and their meat enters the same general channels of trade as 
mutton and lamb. Their skins are used in the manufacture of shoes, 
gloves, book bindings, pocketbooks, and other small articles. The 
number of skins produced annually in the United States is not large 
1294 
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and millions of skins are imported each year. From July 1934 to 
July 1935 a total of about 60 million pounds of skins were imported. 

Breeds of Milk Coats in the United States 

The goat is one of the most ancient of domestic animals. Most 
authorities agree that the numerous varieties are descended from the 
Persian wild goat, Capra hircTis aegagrus, a species common in Asia 
Minor. Just when it was first introduced into Europe is unknown, 
but remains of goats are found among the ruins of early European 
races. 

Records of early settlements in Virania and New England indicate 
that goate of the milk type were hrou^t to the United States by Capt. 
John Smith and by Lord Delaware. Goat raising, while of some conse- 
quence to the early settlers, gradually declined after the middle of the 
seventeenth century. 

Serious attention began to be paid to the breeding of milk goats in 
the United States about 30 years ago. Prior to 1904 there were 
scarcely any purebred Swiss goats in the United States, records 
revealing but one importation, that of four head in 1893. In 1904 a 
consignment of 10 Saanen and 16 Toggenbuig goats was brought in, 
and this was followed by several other importations during the next 
two decades. Animals from these importations were widely dispersed 
by sale throughout the United States, and have provided the basis for 
the development and improvement of milk goats in this country. 

The important breeds of milk goats in the United States are those 
that have proved most popular on other continents — the Saanen, 
Toggenburg, Nubian, Maltese, and Alpine. Representatives of these 
breeds of improved milk goat-s, although increasing, are not so 
numerous in this country as the unimproved types of short-haired 
gouts. Among them arc largo numbers of the common, or American, 
goat. A quarantine against the imixirtation of goats from Tnany 
countries largely accounts for the small number of breeds fouml in 
the United States. 


A GOAT can he kept where it would be impossible to keep a cow, 
and a good producer trill supply sufficient milk for the average 
family. The milk is a wholesome and nutritious food, and in 
addition the meat is palatable and nutritious. In localities where 
an adequate supply of milk is not available and the keeping of 
cows is impracticable, good milk goats would contribute materially 
to the welfare of many families, especially those of low income. 
Thus there can be no doubt of the value of efforts to improve the 
milk production of these animals in the United States. However, 
the improvement of the milk goat, in common with that qf otiter 
species of Ihvstock, is a large task that requires the best efforts of 
die breeder, die research worker, and all other interested agencies. 
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The Saanen and Toggenburg breeds of niilk goats are the most 
popular in point of numbers in this country. Both breeds originated 
m Switzerland. Purebretl Saanens (fig. 1, A) are solid white in color 
and large in size, mature males weighing 175 pounds or more and 
mature females, 125 pounds or more. The dairy conformation is 

especially well devel- 
oped . The marked abil- 
ity of tliis breed to pro- 
duce milk is evidenced 
by the fact that the high- 
est official test on record 
in the United States was 
matle by a Saanen doe 
that produced 4,161.7 
pounds of milk in 9 
months and 10 days, an 
average for the period 
of 6.9 quarts a day. 

The body color of 
Toggenburg goats (fig. 
1, .^) is bro\vn or choc- 
olate with a white stripe 
or bar down each side 
of the face, and the legs 
below the knees and 
hocks are white. Two 
wattles attached to the 
unilersido of the neck 
are very characteristic 

Figure 1. — High-producing 
)loc8 from ihrce different 
lireedn: /I, Saanen; 0,Toggen- 
burg; f.', Anglo-Nubian. The 
Saanrn doe (No. 40728, Ad- 
vanced Registry No. 101 A. 
M. G. H. A.) produced 3,144.4 
(Hxinda of milk and 05 jiounds 
of fat in 10 miintliB. Her 
higliesl daily yield waa 17.6 
pounds. The Toggenburg 
doc (No. 41642) produced 11 
|M)und8 of mdk daily for a 
30-<lay period as a 4-year old. 
Kach one of these does came 
from high-prodiieiiig ances- 
tors and each has won high 
honors in the show ring. The 
A nglo-N ubian doe (No. 34278, 
Advanced Registry No. 201) 
produced under official test as 
an 8-ycar old an average of 
12.1 pounds of milk, averag- 
ing 5.7 percent fat, daily for 
3 months. 
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of this breed. Does of this breed, while not usually producing os large 
quantities of milk as those of the Saanen breed, are excellent milkers 
and a Toggenburg doe has made an official record of 2,759 pounds of 
milk in 10 months. Toggenburg does, when mature, weigh from 100 
to 135 pounds and mature bucks, from 150 to 175 pounds. Owing to 
the fact that Toggenburg goats are more plentihil here than other 
breeds, a good many grade goats of the Toggenburg type are found in 
various parts of the cx)untry. In fact, many herds have been estab- 
lished by crossing Toggenburg bucks on does of the American type. 

Nubian milk goats, altlioi^h considered a valuable breed, are not 
numeroiis in this country. They are natives of Nubia, upper Egypt, 
and Abyssinia. The colors of Nubians are black, dark brown, or 
tan, with or without white markings. They have a striking appear- 
ance, with drooping ears, a convex face, and a prominent forehead. 
Nubian bucks when mature weigh 165 pounds or more and mature 
does, 125 pounds or more. The Nubian breed is considered one of the 
best for milk production and the milk is noted for its high butter fat 
content; however, no figures are available on production for this breed. 

There are also some Anglo-Nubian goats in this country. These 
are a very popular type of goat in England and are descended from 
crosses between the Nubian and goats of English origin. The pre- 
dominant colors are black, tan, and red, with or without white. Some 
good specimens have shown a color approaching a roan, wdiich is the 
color of the doe shown in figure 1, C. Anglo-Nubians are considered 
good milkers. Richards )‘ states that Nubians and Anglo-Nubians 
are less well adapted to cold climates than are the other breeds. 

A scattering of Alpine goats are found in the United States and 
trace to an importation of 3 bucks and 18 does brought into Cali- 
fornia from France in 1922. The Alpines ran^o in color from pure 
wliite to pure black with frequent white spotting on the neck, legs, 
or underneath the body. They are of large size and quite hardy, 
and they have e.xcellent capacity for milk production. 

The Maltese breed, w'hilo considered valuable in some parts of the 
world, is of no special importance in this country at present, except that 
it has had some inlluence on the type of goats in the Southwest. It is 
native to the island of Malta. The color is white and reddish brown 
or black. It is considered one of the best breeds for milk production. 

In the southwestern part of the United States there is found a type 
of goat known as the Spanish Maltese, which is descended from 
crosses between the Maltose and goats of Spanish origin. It is said 
that at a former time many Maltese goats were taken into Spain and 
from there to Mexico and finally to Texas and New Mexico. This 
type of goat is white or grayish in color, but many have brown, 
bluish-black, or reddish spots. The ears are pendulous. It is 
asserted that some are very good milk producers. 

The common, or American, goats (fig. 2, A) found m many sm- 
tions of the United States, especially in the South, are of mixed ongin. 
In many sections these goats have been bred for a great many years 
wdthout the introduction of outside blood, so that m general con- 
formation they are nearly unifonn, being of medium size, somewhat 
short legged, and rather meaty in appearance. They do not show 

I Italic numbere In parentheses refer to Urbllogtaphy. i> 1312 
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Fiffire 2 — A, a oniinon American dne no 66 used as one of tlie foundation does of 
the Umted Stales Department of Agncullure herd at BcltsviIIe, Md This doe 
produced 367 pounds of milk in a lactation period of 275 days B, United States 
Department of Agriculture doe no 214 This doe represents the third top cross of 
high produemg Saanen bucks on a foundation of common American does This 
doe produced 1»796 3 pounds of milk m a lactation of 266 days 
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the conformation, of the Swisa breeds, and they are of various colors — 
brown of various shades, brown and white, black and white, bluish 
gray, and white predominate. Although a few goats of this type are 
occasionally found that are good milkers, the quantity of milk pro- 
duced is usually small and the lactation period lasts only a few 
months. Yet by crossing common does with bucks of the Saanen, 
Toggenburg^ and Nubian bree^ls for several generations, some of the 
very best milkers in the United States have been produced. Because 
of the scarcity of good milk goats, common docs have been used 
largely for grading up with the improved breeds. 

D 1 .STRIBUT 10 N OF Milk Goats in the United States and the World 
With the e.xception of tlie dog, the goat is the most widely dis- 
tributed of all domesticated animals, and the genus Capra is found 
throughout the world outside of the Arctic regions. Table 1 shows 
the distribution of goats of all types for those countries that re- 
ported an average of .500,000 or more during the .5-yeur period 
1926-30. Although the types of goats are specified in only a few 
instances in census data, it seems probable that the majority of the 
goats reported arc used for milking purposes. The total number of 
goats in the world is estimate*! at 180,000,000, of which 8,000,000 are 
classed as Angora goats ' 


Tabi.e 1.- -I\umln*r of p/xilx of all kinih in countries liavinfi an atvrage of 500,(1(10 or over 
for the periofl 1926- 30 
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The total number of milk goats * in the United States can only 
be estimated as no specific census figures are available. The total 
number of goats of all kinds in 1930 acconling to the census of that 
year was 4,821,000, of which 3,785,000 were specified as Angora goats. 
Only a small percentage of the 1,030,000 other goats, of short-haired 
type, could be classed as improved milk goats. In 1930 ® the five 
leading States in number of short-haired * goats and kids were Texas 
with 185,737; New Mexico, 102,548; Arizona, 97,628; Georgia, 
84,503 ; and Tennessee, 53,948. 

Milk goats are found in practically all setdions of the Umted 
States and in recent years have increase<l in numbers in the Eastern 
and Muldle Western States. While California ranks eleventh in 
total number of short-haired goats, the milk goat inilustry in southern 
California has developed to a greater extent than in anv other sec- 
tion of the United States. Tlie dry, even climate, the abundance of 
feed, both wild and cultivated, and the favorable marketing condi- 
tions present opportunities not offered in most sections. 

In a number of countries milk goats have been bred for many 
years, and in a few countries, Switzerland in particular, they have 
been brought to a state of considerable efncicncy and perfection. 
In Spain goats are the chief source of the milk supply. In Europe 
and Asia the goat is used quite generally as a dairy animal, while 
in Africa meat and skins are the principal products. 

Properties and Uses oe Goats’ Milk 

Goats’ milk differs in some respects from the milk of the cow. 
Chemical analyses of the two kinds of milk are shown in table 2. 

T^ble 2. — (lompo^ition af giHitx milk • and that af tua common breeds of dairy rotra 


.‘Source of milk 


PtrernI 
S7 .W 


' Aserafc of jiurebn <1 and fiigtutradi* Saanen and Townlmre does 


• Considerable variability is observed in the composition of milk 
from different breeds of both goats and cows, between individuals 
in the same breed and even in samples taken from the same indivi- 
dual, especially when such samples are taken at widely different 
periods of lactation. The above results for the goat are based on 
analyses of milk from the herd kept by the United States Depart- 
ment of Agriculture at Beltsville, Md., while the results for the two 
breeds of dairy cattle are from data reported by the Associates of 
Rogers {2^).^ 


• The terra “milk goats” is one applleil to goats that have been bred and developctl especially for milk 


!d goats of mixer] hreedlog that ar 


IS used herolD, is onu oc 


„_-ts producing mohair 

< Fifteenth Census of the United States, Agriculture, t 4 1930 

* The term “short-haired goats” as used by the census probably includes so 
-- .Qtheses re'''"" " 


Biblfograpby, p 1312. 
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Studies Jordan and Smith { 11 ) showed that there are no essential 
differences in the casein of goats’ and cows’ milk. Similarly, studies 
on milk^ from the .Department of Agriculture herd show that there 
are no significant differences between these two kinds of milk in con- 
tent of calcium, phosphorus, iron, and copper. Studies made in the 
nutrition laboratories of the Department on the vitamin content of 
goats’ and cows’ milk showed no marked superiority of one over the 
other. Jersey milk was found to contain somewhat more vitamin A, 
but goats’ milk more of vitamins B and C. It was also determined 
that goats’ milk has a much softer curii than the milk of either 
Holstein-Friesian or Jersey cattle. 

Through the cooperation of the Department of Agriculture and 
Johns Hopkins University, normal infanta were fed Holstein, Jersey, 
and goat milk. The milk used in these studies was boiled for 1 minute 
and was supplemented with orange juice and cod-liver oil. While the 
number of infants fed on any one kind of milk was too small to furnish 
conclusive residts, no essential differences in health, general appear- 
ance, and well-being of the infants were observed, good results being 
obtained' with each kind of milk.® The gains in weight were in pro- 
portion to the total nutritive contents of tlie milk. No attempts were 
made to compare the two kinds of milk on infants with a history of 
malnutrition. Goats’ milk may be of value for infant feeding in cases 
of food idiosyncrasies, for many oases are on record in which children 
are able to utilize goats’ milk, but not the milk of the cow. 

The fat globules are much smaller in goats’ milk and this charac- 
teristic, together W'ith a softer curd, makes it easier to digest than 
cows’ milk. Because of the small fat globules, which prevent the 
cream from rising to the surface, the ordinary method of obtaining 
cream by allowing it to rise is impracticable. By the use of the sep- 
arator, however, practically all the butterfat can be obtained and it 
may be used satisfactorily for making butter. Several varieties of 
cheese are also made from goats’ milk. To a limited extent, powdered, 
condensed, and evaporated goats’-milk products are being manu- 
factured in the United States. 

No figures are available concerning the total production or con- 
sumption of goats’ milk and of the products made from it. In general, 
there has been only a specialized market for goats’ milk and the de- 
velopment of goat dairy enterprises has been limited to a large extent 
by this market. The price of goats’ milk has ranged from 10 to 50 
cents a quart and sometimes even higher. There is one brand of 
evaporated, unsweetened goats’ milk on the market which sells for 25 
cents for n can of 6 ounces. This is equivalent to about 65 cents a 
quart for the original milk. 


Studies on the Physiology or Milk Secretion 
Cunningham and Addington ( 8 ) studied the eftect of early breeding 
upon milk production. It was found that does freshemng for the 
second time at 2 years of age produced significantlv more milk than 
does that freshened for the first time as 2-year^lds. However, the 
does freshening for the first time at 2 years of age had somewhat 


•Four Inhnte ware fe.1 on roots' milk »n.J 3 *" 

conformity with limilnr comparbwns of the 3 kinds of milk on both kkis sna rat.. 
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longer lactation periods. Tho greater production of the goats freshened 
first os yearlings is contradictory to the belief of many goat breeders. 

The question of breeding does early or late in the lactation period 
has been studied by Brooks (5). He found that while delayed breed- 
ing tends to prolong tho lactation period indefinitely, the later pro- 
duction is at a much lower level. Furthermore, bree<ling early in the 
lactation period ilid not seem to decrease the rate of production during 
the first part of lactation. 

The goat is a seasonal breeder. Turner pi6) investigated this ques- 
tion for goats of various breeds in tho United States and found that 
estrous cycles in normal does occur quite regularly at intervals of about 
21 days during the. period from September to February. During the 
months from April through »Tuly, and perhaps mostly through August, 
estrous cycles are generally suppressed. Similar findings were reported 
by Kupfer (/3) for goats in ^iith Africa and in Switzerland. 

" By tho injection of an extract prepared from the anterior lobe of the 
pituitary gland, Asdell (2) was able to bring about some improvement 
in milk secretion of goats in tho late stages of lactation. No improve- 
ment was observed from injections ma<lc early in lactation, especially 
in the better milkers. Evans (.'>) was able to induce lactation in sev- 
eral virgin milk goats following the injection of a pituitary extract, 
and in one mature goat during her dry period. In cattle he reports 
that the Bureau of Dairy Industry of the U. S. Department of Agri- 
culture has been able to get increases in milk yield following the 
injection of pituitary extract in some low-producing cows that appar- 
ently had a deficiency of this hormone. The yield returned to former 
levels ns soon ns the injections cejrsed. Good-producing cows did not 
respond. These results indicate that there is a relationship between 
the secretion of tho pituitary body and the ability to lactate, but 
sufficient information is n()t yet available to make it possible to use 
this information in a practical way. 

Turner and Keineko (27) observed that involution of the mammary 
gland (shrinking of the secretory tissue) was almost complete in a goat 
in the late stages of lactation, and that the stimulation of milking was 
ineffective in maintaining the secretory tissue in sucli goats. Their 
results suggest that attemfits to increase the milk flow by the use of 
hormones will fail unless growth of the secretory tissue is first induced. 

RKSKARCII AND PRACTICi: I-OOKINC; TOWARD 
MILK GOAT IMPROVEMENT 

I.v 1936 the Department of Agriculture undertook, as a part of the 
germ-plasm survey, to determine the status of milk goat breeding in 
the United States. Questiotinaires were sent to experiment stations 
in those States where milk gouts are raised in large numbers, and also 
to important private breeders whose names had been obtained from 
State experiment stations and from breed association secretaries. 
The following information was recjucsted; (1) Tho namo and registra- 
tion number of important sires; (2) the number of each (laughter and 
her dam; (3) tho age when tho doe w'as tested; (4) tlio number of days 
in milk; (5) tho pounds of milk produced; and (6) the pounds of 
butterfat produced, and the percentage of butterfat, for each daughter 
and her dam. 
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The returns from private bikers were limited. WhUo there are 
some herds of fairly large size, it appears that few breeders are keeping 
records on milk and butterfat production, although many breeders 
expressed a desire for such records and a willingness to cooperate in 
the keeping of records. Certainly no progress in locating superior 
germ plasm can be made until better records exist than those now 
available. 

From this siuwey it was also determined that New Mexico is the only 
State now conducting research on milk goat breeding. This station 
has had an extensive breeding program under way since 1919 and the 
results are discussed ifi a later section. 

Rksk \kch in Milk Goat Urekdinc in the 
Depart\iExNtof Agriculture 

Research was initiated with milk goats by the Bureau of Animal 
Industry in 1909 with the breeding of common or American docs to 
bucks of the same type, with the purpose of developing a superior 
strain for milk production. Progress was slow and difficult and after 
2 years of e.xperimentntioii of this sort purebred bucks of both the 
Saanen and Toggenburg breeds were obtained for grading up the com- 
mon does. The linos started from the top crosses of tlie original docs 
by males of these two breeds were kept distinct. In each generation 
the best producing does were retained for top crossing in the succeed- 
ing generation. 

Progress has been slow since only a relatively .small number of breed- 
ing does coultl be maintained and breeding activities wei e curtailed at 
various times However, there has been some progres.s. The average 
length of the lactation period for the top-cross iloes, on the basis of the 
1934 and 1935 results, has increased 145 percent and the average 
annual milk yield, 335 percent over that of the native does.’ It shoiud 
be pointed out that only six native <loes were available for comparison 
and the average length of lactation for these does was only 113 days. 

The influence on both milk yield and length of lactation as a result 
of continuous top-crossing with purebred bucks is shown in table 3. 
With few exceptions, the does were a|)proximately 24 months old at 
the beginning of lactation. 


Tabik 3. — Influmrv oj tai>-rnrt!,hif( iiifh purehred butks on the milk yield and Icnffh of 
l(ieluliiin of does duruift their Jirxl liiitntiun 
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Since the lengtli of lactation varied greatly, the quantity of milk 
produced by each doe during the first 120 days of her firat lactation is 
used as a basis for the comparison of the productive abilities of does of 
the different top-cross generations. 

As the trend in improvement of milk yield was similar for the 
top-cross does from the Saanen and Toggenburg bucks, the results 
for the two breetls were combined. A doe of the third top cross 
is shown in figure 2, Ji. The milk production of the does from the 
fourth and fifth top-cross generations was almost equal to that of 
the purebred does in the herd. No production data are available for 
grade does of more than thirty-one thirty-seconds pure breeding. A 
fourth top-cross doc produced 2,221 pounds of milk in 355 days, 
while the best purebred doe pro<hice(f 2,297 pounds in 312 days. 
A number of the grade does had production records exceeding 1,600 
pounds for one lactation. 

The length of the lactation period also was increased as a result . 
of tlie top-crossing, although a large part of the improvement was 
observed in the first top-cro.ss generation. Since only sLx native 
docs were tested, the average of 113 days observed for them may 
have been lower than the average for the population of does from 
which they were chosen. 

A comparison of the milk production of does of different ages in 
the Department herd is shown in table 4. These results show that 
the period of maximum milk production for does is between 4 and 
6 years of age. The length of lactation period also is greatest hotween 
the ages of 4 an<l 6 years but the cliange ol)sened in length of lacta- 
tion was not so great as that for milk production. 


Table 4. — Averagf milk yield of does of various ages in the Department of Agriculture 
henl at ItetmUte, Md., 103(1-35 



VffirM lATMfnhrrl I’otindM I Doum 'I Yearn iNuraberl J^unds JJap» 



A comparison of the purebred sires useil in this herd, as measured 
by the sire index (calculated by the commercial form of the Mount 
Hope index, as described by Prentice (W)), showed that marked 
differences exist in the ability of sires to transmit their characteristics 
to their offspring. None of the sires possessed the necessary in- 
heritance for raismg both the milk yield and the length of the lacta- 
tion period of all his daughters.® However, more sires increased the 
milk yield of their daughters than increased the length of the period 
of lactation. 

' Tbfs study would indicate that all the sires cfimiutred are heterosyRous for some of the genes atTecting 
milk yield aud lenRtb of the lactation perlo<i 
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Research at the New Mexico Agricultural Experiment Station 

Since 1919 the New Mexico Agricultural Experiment Station has 
conducted experiments to determine the improvement that might be 
expected from grading up native does of the Southwest with purebred 
Toggenbuig bucks. The native does were descendants of tlie goats 
brought into the United States by the Spaniards. Since its initia- 
tion, the experiment has been expanded to include sucli studies as 
the inheritance of horns and wattles, length of gestation, prolificacy, 
the sex ratio, and a determination of the effects of inbreeding and 
outcrossing on milk production, and the birth weight of kids. 

The foundation animals for the breeding experiment consisted of 
10 native yearling does that came from a herd in which there was 
no apparent evidence of improvement by the use of improved bucks 
of either Angora or milk type. Milk records were secured on 8 of 
the 10 foundation native does and their progeny. 

The improvement in production resultmg from top crosses of 
purebred To^enburg^ bucks on native does and their resulting off- 

bred does. Each of the does was approximately 2 years old at the 
beginning of her lactation period. In all cases the cpiantity of milk 
produced by a doe was corrected to a butterfat basis of 4 percent 
by use of the formula of Gaines and Davidson (f£>).® 


Tablk 5 . — The effect an milk productum of uxing purebred Toggpnhurg htu-ks on native 
does and their offspring 



Markeil increases in milk production were obtained from the top- 
cross does, the greatest increase occurring in the first generation. 
From the fourth toji cross, does equaling the production of the pure- 
bred females were obtained. 

A number of does in the station herd have made creditable records 
under the rules for advanceil registry of the American Milk Goat 
Record Association, several being leaders in their respective classes. 
One of these, Val Verde’s Zula 25467, has a record of 2,759.0 pounds of 
milk and 100.2 pounds of fat. Another, NMAC Mary Ann, a 
daughter of Val Verde’s Zula, has a record of 2,570.4 pounds of milk 


» This formulii is na follows: / c ni (fat-coimtetl iiiilk)-o 4 iu+l5 f M represents weight of milk and f 
weight of fnt. This formiilB expresses the energy produced by on animal in the form of milk and biitfer- 
fat as an equivalent amount of 4-percent milk 


i:i8004”— 37 83 
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and 77.08 pounds of fat, while several others have records exceeding 
2,500 pounds of milk and 90 pounds of fat. Two of these high-pro- 
ducing does, Laura Lorenzo 35768 anti NMAC Ainelita 357G9, are 
twins. 

During the course of the experiment at the New Mexico Station, 
line-breeding has been practicetl to three outstaiuling bucks in an 
attempt to fix the desirable characteristics of the family from which 
these bucks came. The production of the inbred and outbred 
daughtei's from these males is shown in table 6. 


Tablf. 6. ( nmitariMin i>f inltred and ouihml dauuhti’rs Jroni three mtlstunding sires 

in the New Mexico hertl 



‘ Ciilculntcil hy iiietliod of WriRJit (U) ' Aiiipricitn Milk Ooit ICocord AsMJcintiun 


The effect of the inbreetliiig in general has been to lower slightly 
the milk production of the inbred does in comparison with the pro- 
duction of their dams, whereas the oiitcros.sed daughters have ex- 
ceeded their dams in milk production. In the. production of butter- 
fat, however, as measured by the percentage of Dutterfat in the milk, 
the inbred does did somewhat better than the outbred does. While 
it would appear from these results that close inbreeding is not a good 
practice for the average breeder of goats, it is to be hoped that ex- 
periment stations conducting breeding exj)eriments witli milk goats, 
and likewise some of the laiger breeders, can practice some inbreeding 
in their hetiJaf. 

Much experimental work on animals and plants has shown that 
inbreeding is a certain metliod for increasing the purity or homozy- 
gosity of inherited characteristics. If accompanied by rigid selection, 
good inbred strains may eventually be isolated. Individuals of these 
strains, because of their greater purity for certain desirable charac- 
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toristics, sliould have a greater chance to transmit these characteris- 
tics when outcrossed to unrelated goats, and they may be valuable 
parental material in other ways. It should be cjtipbasized, however, 
that the use of close inbreeding for animal improvement is still in 
the experimental stages, and that it is not recommended for the aver- 
age private breeder. 

In addition to the studies on production, the New Mexico station 
has presented data on the length of the gestation period, on fertility 
and fecundity, and on the sex ratio. 

A total of 144 gestation periods were recorded, 115 being for does 
over 18 months old an«l 29 for does under 18 months. The mean 



Figure 3 . — IJiiilcit Stale** Dcparliiient €>f Agriculture Saanen due no. 412 **ilh licr 
■liiadriiplet kids. Qiiatlruplcli* are unroinnion in milk gnats, only 3 setB being re- 
corded in a total of 617 purliirilionB in the Department lierd. In the herd of the New 
Mexico Agricidtnral Experiment Station 4 rcU of qiiadnipIctA have been recorded 
III a total of 14*1 iiartiiritiona. Jiialaiiccs of a larger number of kids at one parturition 
are very rare. 

length of the gestation period for all does was 149.9 days, with a 
range from 130 to 157 days. For the younger does the range was 
from 136 to 154 days and for tlie older does from 139 to 157 days. 
The mean for both groups was 149.9 days. 

Fertility in this herd was high. From 152 matings a total of 144 
conceptions was secured; 127 of these were from single services, 13 
from the second, 3 front the third, and 1 from the fourth service. 
From the 144 parturitions 286 kids were produced, the distribution 
of single and multiiile births being as follows; Single, 40; twins, 70; 
triplets, 30; and quadruplets, 4. A somewhat higher proportion of 
multiple births was observed for the older does. A Saanen doe 4vith 
quadruplet kids is shown in figure 3. 
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A preponderance of males was observed, the ratio of males to 
females being 11, '5 to 100, for a total of 363 kids examined. This is 
a somewhat lower proportion of males than has been reported by 
other investigators, 

Pkiv\ti5 ( )rg V mz vtions Sponsoring Improvement 

Promotion of the interests of milk^oat breeders in tlie United 
States has depended largely on various breed associations and on 
State and local organizations of breeders. Tlirougli the medium of 
exhibits at State and county fairs, and by advertising in various 
l^eriodicals mostly devoted to the promotion of goats, miicli interest 
in milk goats has been created in many sections of the country. 

At the present time three associations are registering goats — the 
American Milk Goat Record Association of Vincennes, Ind., the 
International Dairy Goat Record Association, at lancoln, Nebr., and 
the American Goat Society, Inc., of Wayland, N. Y. Of these, the 
first mentioned is the oldest ami largest. It was organized in 1903, 
and by the end of October 1930 had recorded 51,1 IS purebred ami 
grade goats. The second association vas organized in 1927 and had 
recorded a total of 2,323 purebre<l goats, while the third organization 
was established in 1935 and liad registered 1,.527 purebred animals by 
the end of October 1936. 

The American Milk Goat Record Association has established an 
advanced registry and is sponsoring the testing of does for milk and 
butterfat production. Its reejuirements for advanced registration are 
comparable in some respects with those adopted by the various 
organizations promoting advanced registry of <lairy cattle."’ A total 
of 201 females have met the requirements for advanced registry 
123 Toggenhurg, 60 Saanen, 11 Nubian, and 7 native does. In 1936 
the iVmeriean Goat Society, Inc., established a herd-ijnprovement 
registry for the purpose of obtaining individual production on each 
doe in the herds registered under this plan. 

In addition to the registry associations there are many State and 
local societies that are promoting the milk-goat industry in various 
ways. Three papers — the Goat World, the Dair^’^ Goat Journal, and 
the American Goat Herd — are devoted jirimarily to sponsoring the 
interests of milk-goat breeders. 

Neeos of the Future 

Much progress has been made by some breeders of milk goats in 
improving their herds. \Miile figures are not available on the aver- 

>'> The udvanced reicistry ot the Amencnn Milk Oont Record A«snclntion hus licen iIi\idod Into two 
division.s, one desiKnsted ns cLlss A and the other a.s cla.ss It The diviaiim known as class A is divideil 
into cla.sMe!i A, B. C, O, K, F, and (i, dependinK on the age of the aniinal at tlio heginning of the test In 
order to enter a doe In the in-iiionth, or class A ditision. it is necessary lor the owner to weigh tiio milk 
from each Individual milking and keen a proiier record of the weights throughout the testing jieriod. A 
copy of this record must he forwarded to the association at the end of each month The doe mast also 
be tested for a 24-hour i>erio<l ear h month liy a representatK e from the State ojiriculturni college or experi- 
ment station, in order to determine the amount of fat in the milk The testing [leriud cannot cxcom IU 
montlu but may be for any iieriiKl under this that Ihe owner may ileslrc, the teats commencing on tlie 
sexenth day after parturition However, a 2-yeHr-aId doe iiiiiat iirodiira at least MU lammls of fat or 
I..V»i {munds of milk during the consecutive test iieriml in order to f«i admitted to ndv niiced registry For 
each day that the doe exceeds 2 years at the beginning of the lest, and iiii to .'i years, tlie rcquireil produc- 
tion is increased by 0 007 pound of fiit or 0 2 iNiund of iiiilk per day No fiirtlier Increase Is required for 
does older than S years The class U. or short-time division, of the advanced registry reiiuires that n doe 
produce an average of 10 pounds of inilk during three 21-huiir test iierlmls. taken at least 30 days apart 
This record to he supervised by three disinterested iiersoas who make sworn statements In regard to the 
lirodiir tion Bucks ore entereil in the udvancol register when they hiiv e sireil three ndvancedqegLstry 
daughters out of three different dams. 
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Qf?c production of milk goats in this country, certainly it is fur below 
that of the bettor herds and probably below the average production 
of herds in such countries as Switzerland, where the goat plays a 
greater part in domestic economy than in the United States. 

There can be no doubt of the need for improvement in the milk 
production of goats in the United States. Wliilc it is not to be e,\- 
pected that tlie goat will supplant tlic dairy cow to any great extent, 
there are sections of the country where good milk goats would con- 
tribute materially to the welfare of many families. The facts that a 
goat can be kept where it would be impossible to keep a cow and at 
the same time will supply suiricient milk for the average family, are 
features that seem to make goats suitable for families of low incomes 
living on small acreages in suburf>an districts, in mining districts, 
and in other areas where a good supply of milk is not available and 
the kce])ing of cows is impracticable. 

In addition to milk production, attention should be given to 
improvement in the fat content of the milk, to increasing the average 
duration of lactation, to the improvement of fertility and the develop- 
ment of strains that will breed at any season.” Practically no atten- 
tion has boon given to these characteristics, all of which are important. 

But imjirovcment of the goat alone will not solve the problems of 
tho industry ns a commercial business. If an industry is to grow, 
it must have new or better markets for its products. Research is 
greatl^r needed to develop uses for goat products, and one of the chief 
activities of breed organizations should be to encourage research in 
this field. Among the problems that might well be studied are (1) 
tho value of goats’ milk for the feeding of infants, invalids, and per- 
sons allergic to cows’ milk and its products, (2) its value for the 
making of cheese of various types, (3) methods for the preparation of 
condensed milk in order to make it more widely available. (4) the crea- 
tion of a greater dcjuand for goat moat^ by advertising ana the develop- 
ment of new and better recipes for its preparation, and (5) studies 
on the economics of production under various systems of farming. 


T/ie Part of the Breeder in Future Milk Goat Improvement 
Future imiirovement in milk goats must come largely through the 
efforts of hreoders. Fundamental research is needed to guide breed- 
ing efforts, but research of this kind will be undertaken only at the 
demand, and with the supiiort and encouragement, of breeders. In 
addition, breeders can do much themselves to improve the goat. 
Practices that should be of general benefit would include: 

1. Tho keeping of more complete records on milk and butterfat 
production, fertility, and fecundity of the goats in the breeding herd. 
Such records are vital to breed improvement, and the germ plasm 
survey conducted by the Department of Agriculture indicates that 
many prominent breeders have been lax in keeping such records. 

2 The dcvcloimient of a more extensive record-of-performance 
program that will enroll tlie better breeders. Fortunately the foun- 


"Most Boats breed only durms oerlam months of tho year, generally from September to March. This 
fact OTovicCa prXlcirror tlie producer who has need for a continuous nidk supply A few Investigators 
have Eiv'enttenUon to f has been suggeste.1 that lorhaijs the most economipd solution 

is the lireodinit of does that come in heat regularly throughout the year To what extent such does occur 
is not k^JJwn "fiut KniU irrohahle that such stndns inrght 1* developed by the application of a proper 
breeding program. 
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datiou for such a prop^rani has been laid and it should be encouraged 
to the fullest extent. Dairy breeders have made, mueh progress in 
tlio use of roeord-of-perforinaneo tests and goat breeders can utilize 
many of these findings in the development of their own program. 

3. The more extensive use of proved sires. It is well known that 
sires differ greatly in their ability to traasinit inherited elmracteristics 
to their offspring. Wliile the record of his ancestors furnishes some, 
information about the value of a sire, the surest way of determining 
this is to study the records of his daughters. Once a sire has proved 
his ability to transmit desirable characteristics, provision should be 
made to use him to the fullest extent. Because of the wide distribu- 
tion of goat breedei-s and the relatively .small .size of the herds, this 
will prove difficult in many cases. However, tlie need for tlie use of 
such sires is so great, if pro])er progress is to he made,^ that breeders 
and breed associations should make every effort to develop means 
whereby e.xchanges of such .sires could be made between breraers. 

4. The development of a better spirit of cooperation among breeders. 
Too frequently in the j)ast there has been a tendency for the develop- 
ment of factions. This has resulted in tendencies for various grouj)s 
in the industry to be working at cros.s-puri)oses. For instance, 
several breed associations have been established, each recording all 
breeds of milk goats. The result has been to lower the effectivene.ss 
of the breed associations in sponsorhig breed promotion and improve- 
ment. It also makes it more difficult for the breeder to record his 
animals, especially if transfers from one association to the other are 
desired. With the relatively small number of purebred milk goats in 
the United States, one vigorous organization receiving the support 
of the whole industry certainly would seem to be sufficient. 

.'5. Finally, more consideration needs to b(‘ given to the develop- 
ment of better procedures to guide breeders in t he selection of breeding 
animals. Much information on the basic problems of animal breed- 
ing that should be of great u.se to goat breeders is contained in the 
1336 Yearbook of Agriculture 

The improvement of the milk goat, in common with the improv(>- 
ment of other specie.s of livestock, is a large task that will require 
the best efforts of the breeder, the research worker, and all other 
interested agencies 

GENETIC STUDIES OF THE GOAT" 

Since the improvement of goats has rested largely in the hands of 
private breeders and very few research agencies liave had projects 
pertaining to goat husbandry in any form, genetic studies of this 
species have lagged. Nevertheless, some facts concerning the genetics 
of various characters have been reported, although most of the con- 
clusions must be con.sidered as tentative. 

The inheritance of horns in goats has been studied by Lush (14) 
Warvrick (29), Addington and Cunningham (/), Asdell alid (hew (3), 
and Asdell and Smith (4). The evidence in each case strongly sug- 
gests that the polled and horned conditions constitute a jiair of 
Mendelian characters, the horned condition being recessive and due 


rtlculHTly tn> 831-W2, Wir wn. an>l tt(i7 IRKO 

U written iiriinarlly rorstutlpiitsmiil tit Iters |imfes..iiiiiitlly Inlerested in itetiutlesor Itroetlinfc 
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to a single recessive gene. In a few cuses, however, individuals witli 
scurs (imperfectly dovelope<l horns, usually without an attachment 
to the bone) were observed, but tlie data were too few to warrant 
an attempt to interpret the significunec of the .scurs. Muller (18) 
investigated the inheritance of the multihomed condition in goats 
hut found that, while the cliaraeter isinherite<l, the mode of inheritance 
was complex. 

The mode of inheritance of wattles— sometimes called tassels — 
has been investigated by Asdell and Smith (/,), laish (14), and Adding- 
ton and (’urmingham (/). The evidence indicates that the wattled 
condition is dominant over the nonwattlcd condition and that one 
pair of genes is concerned. The exact manner of inheritance of the 
bearded condition has not heen determined, but Asdell and Smith 
suggest that it is a sex-limited character dominant in the male and 
recessive in the female. 

An inherit ed nervous instability of the goat has been reported 
by Wliitc and Plaskett (32), Hooper (/O), and Lush (1o). If suddenly 
frightened or surjiriscd, goats with this affliction become rigid and 
the worst frightened usually fall. The spell usually lasts from 10 
to 20 seconds. The animals recover the use of the muscles in the 
fore part of the body first, ami on recovery often start movdng away 
with the rear quarters dragging or very stiff. After being frightened 
once, the goafs cannot be afl’ected again, regardless of the extent of 
fright, until 20 to 30 minutes have elapsed. These goats apparently 
were quite tiuable to jujiip over obstacles of ordinary lieiglit. The 
mode of iidieritanee has not heen determined. 

Tlie ]U'esence of short ears in the goat has been reported by Wassin 
(31 ) and Kiib (12). Wassin suggests that one pair of genes is involved 
and that long ears are incompletely dominant. This would account 
for the three types of ears observed, the homozygous (AA) being 
long, the heterozygous (Ao) intermediate, and the recessive (an) type 
being short. The short ears described by Kith, on the other hand, 
were dominant. In neither case, however, was the mode of inherit- 
ance definitely determined. 

Much variability in eidor and marking occurs in the goat. The 
chief colors ohseived are white, brown, tan, retl, roan, gray, black, 
fawn, and cream, but scvenil other colors occur less frequently. 
Kelatively little is known conceniing the mode of inheritance of the 
various colors and the biteractions of the genes concerned.** 

Cryptorchidism (the condition in which one or both testes fail 
to descend into the scrotum) occurs quite commonly in the goat, and 
Warwick (30) and Lush, dimes, and Dameron (10) ha\ e shov n that the 
comlition is inlierited, though the exact mode of inheritance has not 
been determineil. At least two pairs of genes appear to be involved. 
Abnormalities of the reproducti\e system, which take the form of an 
intimate mixture of male and female parts belonging to the accessory 
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sexual organs, arc ratlicr common in ti\o goat, according to C'rew (7). 
Since the abnormalities occur more frequently in some districts than in 
others, and because certain individuals in successive matings produce 
one of more of these inlersexiial offspring, it would seem that the 
condition is inheritetl. Nothing has Iteeii reported on tlie mode of 
inheritance. 

Calder (6') has sUulied the imuilence of multiple births in the goat 
and believes that proliticacy is a character controlled to some extent 
by genetic factors. The male appears to be equally inthiential with 
the female iii transmitting the potentialities for muttij)le births. 
Calder suggests that most eifective iiesults will he obtained in selecting 
for prolificacy if due consideration is gi\en to the jirolificucy of both 
strains, and to the actual size of the litters from which the females 
and males are chosen. 

hi»mo(;r41*iiy 

(1) .AuDi\(.Tot>r, li II., and (’i <) C 

1935. Mii.K i.o.KT KKi.Li>i.N«i Mc.v. .VKf Sta Mull 220, .SI pp., 

illus 

(2) .VsDEri,, S. A. 

1935. <5<).AT KK.',i:.\i<r ir i\ 1934. Brit. CJoat .Soc. Yearbook 1935: 101, 

103-104, illu.s 

(3) — and Oatw, F A I’-. 

1925. THE INahlUT.A.NCK OF HOHN.n I.N THE (.OAT. Joiir. CienetU'N 15 
367-374 

(4) and .Smith, A D. Bcciiww 

192S. INHEKITANcr. OF COl.OK. lib^UH, IHS'-EI.S, AM> HOUNS IN THE (lo\T 
Jour Heredity 19: 425-430, iIIii.n. 

(5) Buooks, II. J. 

1934. THE THEM) IN eiioin (TION WIITI THE ADVANCE IN I.ACTMTON 
Bnt (Joal S<i<. Yearbook 1934 25, 26, 2S-29, 31, illws. 

(6) Cai.dek, a 

192.S. THE iNHEKnANCB OF Ml i.Tii-i.i. BiiiTiis. Bnt Croat .Soe. \earl)ook 
192S: 53-57, illu.s. 

(7) Chew, F. .V K 

1927 THE (iEVETict, OF sE.vi Ai.iTV IN ANi.M\i.v ls.spp,illns Cambridge. 
(8; Cu.NMNoHAM, () C , and .Vddinoton, 1a 11 

1936. THE EFFECT OP BAKE) BUEEDINO I PON THE MIEK ENEIH.) l•noI)^^- 

TIIJV OF QHAUE and I'lUEUKED TO<.<.ENIU. IK, OO AT-, Jolir. 

Dairy Sci 19: 405-409. 

(9; Evans, E. I 

1934. AlHinN- AVIMAI.S SECHETI. .MIEK AFIEH INJECTION', OF PITIITMIY 
iiOKMoNE. F. S. Dept. .'Vgr. \earbook 1934 3()0-3i>3, illus 

(10) Hoopeu, J. J. 

1916. A PECUEI All BREED OF COATS. .Seioiiee (ii. h 1 43 571. 

(11) Jordan, W. II , and {Smith, tl. A. 

1917. HOAT’s MIEK FOR INFANT FEKDINC. N. Y. Stale Agr E\pl. Sta. 

Bull. 429, 20 jip , illus. 

(12) Kab, E. 

1934. ERBLiCTiE STUMMEEOiiKEK BEi DEii ziEOE. Kuehtluigskuude 9: 
452-155, ilIiEN. 

(13) Kcpfer, M. 

1928. THE HEXUAE CA'CLE OF FEMALE DOME.STIC'ATED MAMMALS. THE 
OVARIAN CKANOKH AND THE PBIUODICITI OF OESTRUM l.N CATTLE, 
SHEEP, GOATS, PIOS, IKIXKEAS, A.N'D HOKSK.S. Ullioll So. Africa 
Di'pt. Agr., Dir. Vet. Ed. and Ilesearcli Ilejds. 13-14- 1211- 
1270, illus. 

(14) Ld.sh, j. L. 

1926. I.NHEIIITANCE OF HORNS, WATTLES, AND COEOIl IN OKADK TOO- 
GENBUHO goats. Joiir. Heredity 17 73 -91, illus. 

(15) 

1930. “nervous” GOATS. Jour. Heredity 21. 243 247, illus. 



MILK GOATS 


1313 


(16) Luhii, J. L., Joneh, J. M., arid Damerokt, W. H. 

1930. THE INHERITANCE OF CRYPTORCHIDISM IN OOATS. Tcx. Acr. 
Expl. Sta. Bull. 407, 23 jip , illiis, 

(17) Marqcardt, j. C. 

1936. FIVE MILLION GOATB. Rural New Yorker 115 (5351): 36, illiis. 

(18) Muller, R. v ^ . 

1918. WEITERE INZlICIITVERBrCHB MIT VIBLHORNIGE ZIEOEX. Aroh. 
Tierlieilk. Sup. 44: 198-200. 

(19) Overman, O. R., and Gaines, W. L. 

1933. milk-energy formulas for various breedh of cattle. Jour. 

Anr. Research 48; 1109-1120, illiis. 

(20) Prentice, E. P. 

1935. BREEDING PROFITABLE DAIRY CATTLE; A NEW SOURCE OF NATIONAL 
WEALTH. 261 pj)., illus. Boston and New York. 

(21) Richards, I. 

1921. modern milk goats; status of the milk goat industry . . . 
271 ])p., ilhis. Philadelphia and London. 

(22) Rogers, L. A., Associates of 

1935. fundamentals of dairy science. Ed. 2, 616 pp., illus. New 
York. 

(23) Shaw, E. L. 

1935. milk i.oats. T’. S. Dept. Afir. Farmers’ Bull. 920, 32 pp , illus. 

(Revised). 

(24) Smith, A. D. Buitianan. 

1934. inheritance of milk yield. Bnt. Goat Soc. Yearbook 1934. 

95- 95, illus. 

(25) Thompson, G. V. 

1905. THE MILCH goats. V. S. Dept. Afir., Bur. Anim. Indus. Bull. 68, 
32 pp., illus. 

(26) Turner, C. AV. 

1936. SEASONAL VAUIATION IN THE BIRTH RATE OF THE MILKING GOAT IN 

THE UNITED STATES. Jour. Dairy Sci. 19: 619-622. 

(27) and Rkineke, E. P. 

1936. A STT DY OF THE INYOLUTION OF THE MAMMARY GLAND OFTUE GO\T. 
Mo. Anr. E.\i>t. 8ta. Research Bui. 235, 23 pp , illus. 

(28) VooRiiiEs, E. C. 

1917. THE MILCH goat IN l ALiFORNiA. Calif. Aur. Expt Sta. Bull. 2K5, 
pp. (871-114, illus. 

(29) Warwick, B. L. m ^ u. 

1933. inheritance of horns in angora goats. Tex. Apr. F.xpt. hta. 

Ann. Kept 46: 39. 

1934. INHERITANCE OK THE RIDGLINO CHARACTER IN GOATS. TcX Ajjr. 

Expt Sta. .\nii. Rejit. 47: 28-29. 

(31) Wassin, B. .7, , t 1 *■ 

1928. OHKLOSIGKEIT BEI SCHAFEN UND ZIEGEN. Atsulir. JiKluktive 

Abstain, ii Vererbiing.slehre 49: [95] 104, illus. 

(32) White, G. R., and Plaskett, .1. t> 

1904. NERAOiis, stiff-legged or “fainting goats. Amer. Vet. Itev. 
28: 556-560, illus. 

(33) Wright, S. . n- , 

1922. COEFFICIENTS OF INBREEDING AND RELATIONSHIP. AmOr. iNat 

56. 330-338. 



13U 


\E.iRBO()K, 1937 




HEREDITY 
IN THE DOG 


"W. M. DAWS()N, AHHociuir Animul 
lIiiHbandiiian, Animal IliiHhaniiry 
DiviMion, liureau of Animal indualry 


]N^() OTHER nniiiitil servos so many widely different purposes or has 
been so plastie in man’s liands as the <lo{'. Those ehiiraeteristics by 
V liieli dof^s differ most from other domestic animals and which make 
them especially usefnl to nian are lai^ely of a psyeholofiieal nature 
sueli as intellit'enee and willinfrness to cooperate. This can be, espe- 
cially appreeiatc'd by one who has watched a trained sheep dop workmj^ 
a quarter or lialf mile away from his master, yet obeying every signal 
that his master gi\es. 

Partly because of their original inheritance and adaptability and 
partly because of the great variability that has resulted from centuries 
of selection, do^s today serve man as hunters, retrievers, guards, com- 
panions, aides in war, herders of livestock, police aides, guides, draft 
animals, entertainers in sports and shows, subjects in medical and 
scientific investigations, scavengei-s, fur bearers, and in case of neces- 
sity as fond Many of these uses can be subdivided and doubtless 
others might be gi\(*n. 

The range in size is so great that some animals in the largest breeds 
weigh IIMI times as mindi as other noniial individuals of the smallest 
breeds. An Irish \^'olfhoun^l standing on his hind logs can often look 
over the liead of a tall man, while some full-grown Chihuahuas may 
stand coinfortubl.v on one’s outstretched palm. Not only in size but 
in form, physifjue, temperament, aptitude, and intelligence there is 
great variation. Long, short, wide, narrow', tall, squat, slender, 
chunky, graceful, awkward, e.xcitahle, placid, robust, delicate, intelli- 
gent, stupid, friendly, savage, affectionate, self-contained, dignified, 
ridiculous, ugly, and beautiful are tenns that might be aptly applied 
to different breeds and individuals. Eigure 1 illustrates some of the 
wide variations in type. 

In many of the breeds there is a so-called “standard” size, but there 
also may bo a small or “toy” size, and sometimes a giant size. There 
are varieties with smooth, wire-haiix\l, curly, long, stand-off, or corded 
coats.’ Some breed standards permit all colors, others certain van- 


' A stnnil-otT enut^s ii li'nt: jirofuM* 
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ntioiis in color, mid others only u shif'lo etdor or color piittcim. Later 
in this article the causes for much of this variation will be discussed. 

ORIGIN AND DOMESTICATION OF THE DOG 

It is certain that doglike miimals existed on the earth thousands of 
years ago. The origin of the dog {Canis Javnliaris), however, is not 
known. There is considerable speculation as to whether dogs origi- 
nated from such present-day wild species ns wolves, jackals, and 
dingoes, with which they will interbreed (fig. 2), or from other forms now 
extinct 

Quite probably they trace to more than one of these sources It has 
often been supposed that the fox, which has many doglike char- 
acteristics, was one of the ancestors of the dog. llowcver, few, if 
any, nutlientic cases of successful crosses between these two species 

are known,* although 
numerous unsuccess- 
ful attempts to cross 
them have been ro- 
jiorted. Accordingly, 
it appears improb- 
able that the fo.v has 
played a very large 
part in the ancestry 
of our present dogs. 

Students of the an- 
thjuity of the dog, 

Studer(.>7,5/»),® Breuil 
(7), Elliot (L5), Osborn 
(40), Allen (2), von 
Stephaniti! (54), and 
t'lark (10) are agreed 
that dogs were do- 
mesticated before 
any of the other ani- 
mals, but howlong ago 
they do not know. 
In Europe bones of 
dogs have been found 
associated with the remains of men who invaded Europe at tho close 
of the Paleolithic or Old Stone Age, and at the beginning of the 
Neolithic or New Stone Age. Since earlier remains of dogs hav^o not 
been found in Europe, ajiparently they were brought to that con- 
tinent by the pre-Neolithic peoples and were probably already par- 
tially domesticated, serving possibly as scavengers and guards and 
for food. This makes it seem probable that the dog was first do- 
mesticated in Asia at an even earlier date. Somewhat more recent 
evidence of domestication has been left us in the form of crude 
pictures carved by prehistoric man (fig. 3) showing dogs u.sed in tho 
chase (f), 35). 



Fiffire 2 . — lljlirid from a German Shepherd dop jiid a 
female wolf. (Pliolojtrafih hy eourlehy of John Gdiis 
and Fachschaft fur Ueiitsrhe Sfliiiferhuiide afler ’ 
Stephaiiitz (jf)-) 


> ■ chmKl reiKirtH n succes>ful cross lietwrcn a fox and dop by iloc-k. In (lerinany 

> Italic nuiuliers in pnrcnllici.es refer to literntiirc cited, ii. 1324. 
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Docs AS Fakm Animals 

Dogs have held an iinportant i>lacc in agriculture and rural life for 
centuries. Probably they have been most important to the American 
farmer m guarding jiroperty, hording Uvcstock, contributing to the 
sport siiid tho larder of tho master when he goes hunting, helping 
exterminate vermin, and as companions and pets Wliile it is im- 



Fifiurc 3 . — PrcluHlorir nn-k tracing rcpreHenling reindeer, a liorse in a boat, men, and 
dogs. Cut in tlie i|uart/. at Maf)ftlel>erg, Skec Parish, Dobiislan. Height, 5 feet; 
ttidth 12,'j feet. (Courtesy of Cassell & Co., London, after Leighton (35).) 


poasiblo to estimate the ^t^hJe of the.se services, one can hardly imagine 
a rheaiier or more elbcient guard service for the farm than that fur- 
nished by a good watchdog, and if the same animal serves in other 
ways, as it often does, one can be sure that its value considerably 
exeeeds tho cost of keeping it. The value of dogs as companions, 
especially where people lead rather isolated lives, as they sometimes 
do in certain agricultural districts, is often underestimated. And 
what other animal gives the growing boy, either on the farm or in 
tho city — or the growing girl, for that matter — as good an opportunity 


JUST as some outstanding advances in other scientific fields — 
advances of very great mine to humanity — have been made with the 
help of dogs, so their use in certain fields of ggnetic research seems 
to offer the most practical means of attacking some very important 
hut difficult problems, notably those connect^ with the inheritance 
of psychological characteristics. Because they show so wide a 
range of intelligence, aptitudes, and temperament, and can be 
handled easily dogs appear to be better adapted to studies of this 
kind, especially with our present limited methods of measurement, 
than any other animal. Aside from the possibility of impr^ng 
one of our most useful animals through such studies, there is the 
still more sigrtificant possibility of adding materially to knowledge 
of mammalian genetics, especially the inheritance of psychohgUxd 
traits— a field in which relatively little progress has been made. 
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to loam self-control and oonsidorntion through the earo and control 
of his pot? 

According to an old saying, there is no good flock without a good 
shepherd and no good shepherd without a good dog. There are with- 
out doubt some exceptions to this, but there is no dmd)t that a trained 
hording dog is a great help and under some conditions indispensable 
in handling livestock, ^^any fanners enjoy hunting so that good 
hunting dogs are found on many farms. If one w'cro to estimate the 
percentage of the 6,812,350 farms'* in the United States that have at 
least one dog from the sample of which ho has personal knowledge, 
it would certainly be very high. 

PRESENT STATUS OF GENETIC RESEARCH ON THE DOG 
Although dogs have been domesticated for many centuries and have 
been successfully molded into many forms adai>tcd to man’s uses by 
the processes of heredity and selection, most of the breeds we know 
today have originated in comparatively recent time, and up to within 
a few years ago there had been very little, if any, breeding work with 
dogs that could bo considered of a scientific nature. 

However, there is a considerable store of scientific information 
concerning various aspects of the dog. Anatomists, physiologists, 
and psychologists have found the dog an excellent subject, especially 
in connection with medical research, for studying mammalian charac- 
teristics. In fact the diet, physiology, and temperament of dogs 
make them indispensable for certain types of experiment. Some of 
the outstanding ailvaiices in physiology, p.sychology, and medicine 
have been imule with the help of dogs, us for examiile the work on 
conditioned refle.xes by Pavlov {48) and mucli of the fundamental 
information on artificial res])iration, and the control of diabetes and 
pernicious anemia (9). 

In addition to the gain for humanity that lias resulted from these 
experiments, dogs have been used, of course, in the study of their own 
disorders. The control of hookworm following the work of Hall {19) 
and of distemper resulting from the investigations of Dunkin and 
Laidlaw {13, 14, 30, 31, 32, 83), who were providwl with funds by the 
Field Distem])er Council in Great Britain, has been made possible by 
the use of a relativ'cly small number of dogs in the laboratory. 

Although the results obtained in some of these researches indicate 
that the dog would servo as an excellent subject in the study of certain 
aspects of mammalian genetics, few systematic attempts have been 
made to obtain information on inheritance in this animal. However, 
many reports dealing with various aspects of the genetics of the dog 
have been published. The characters re|>orted in tlieso papers will be 
considered in this article in the following order: (1) Cytolorical (con- 
cemed with the chromosomes in the cell), (2) psychological, (3) mor- 
phological (concerned with form and structure), and (4) color. 

Investigators are in disagreement as to the number of chromosomes 
in the dog. Thus Malone {40) has reported the number in the body 
cells as being 21 and 22 in the male and female, respectively; Minou- 
chi, according to Oguma and Kakino {44), has reported 78 chromo- 
somes in the wdy cells of both the male and the female; Painter {47) 
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has rcport<'.(l the number to he aboiit 50, prohal)ly 52; while other 
mvostigators have found intermediate numbers (29). 

MunTAI, ClIAKACTKUISTlCS AND TEMPERAMENT 

In the study of mental charae,ters psychologists liave been able 
to measure varioiis abilities of dogs such as the speed with which 
they form conditioned reflexes or immediate reactions to a given 
situation constantly repeated; their powers of discrimination with 
regard to visual objects and sounds of different kinds; their ability 
to make delayed responses to stimuli; anti their ability to solve 
problems such as the opening of a box to get food or finding their 
way out of a maze or labyrinlb. Since most such measurements are 
diflicult to make accurately anti retpiire considerable time and expense, 
practicallv no information exists on the variation in these abilities 
among tiogs of the a ariotjs l)reeds and strains or on the mode of their 
inheritance. 

Soine information has been collected regarding the inheritance of 
certain aptitudes in dogs, as is shown in the appendix. For example, 
both Marchlewski (4J) and Whitney (04) have reported that the 
aptitude for hunting w ith the head carried high appears to be dominant 
to the aptitude for hunting with the head carriecl low when certain 
strains or breeds of dogs are crossed. Although the list given seems 
impressive, it presents information on relatively few of the great variety 
of aptitude's possessed by dogs and most of the conclusions are based 
on a few observations ordy and have not been comi)Ietely confirmed. 

One of the best studies of temperament in dogs and the practical 
apj)Iication of genetic principles to breeding dogs with superior 
ai)ilities is that of Humphrey and his associates in producing and 
training dogs for leaeling the blind, and for police and army service, 
at Fortunate Fields, Switzerland (reported by H\imphrey and Warner 
(Hii)). The tests used were largel;y subjects o judgments by the 
trainers and mIuIo it was apparently impossible for them to determine 
the. exact mode <if inheritance of most of the characters, they were 
able by assuming that certain of these, characters were largely con- 
trolled* by a few major genes to make marked progress in producing 
superior uninuih. Cm ru urrEK.ST.c, 

In addition to mental traits, such body characters of the dog as 
conformation, functioning of internal organs, fertility, and resistance 
to disease ])lay an important part in his usefulness. The body 
characteristics that have been studied genetically are listed in the 
appendix. Of ])articular interest in this connection is the work being 
carried on in this country by Stockard (55) and his associates at the 
Cornell University Medical College on the genetics of modified 
endocrine secretion and of associated form patterns such as heacl 
shape^ — -among dog breeds. (See the reported findings of Stockard 
and Vicari in the appendix.) * . . 

Although the color of the animal is a bo<ly character, it is so easily 
differentiateil from other characters that it seems best to consuler it 
separately. The. third part of the list (p. 1337) gives the color characters 
in dogs for which information conceniing the mode of mhentance has 
been reported. 
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On tlio whole, where more than one investif>:ntor has reported on 
the inheritance of a color factor, the results have been similar or the 
differences can be reasonably well accounted for. There appear to be 
marked similarities between color inheritance in dogs and that in 
rodents and in other carnivora (/A*), which makes some of the con- 
clusions appear reasonable even where the evidence from dogs them- 
selves is rather scant. No cases of proved linkage have been reported. 
There is, however, fairly good evidence that there are a number of 
allelomorphic, (alternative) series of genes that affect color in the dog. 
These have been summarixed briefly in table 2 in accordance with 
what seems to bo the best evidence available. Some genes exhibit 
multiple effects, such as those causecl by the gene for dominant irregu- 
lar spotting, A\hich in addition to affecting the coat color produces 
defective sight and hearing, frequently a reduction in general vigor, 
and sterility in the female (pp. 1333, 1936, and 1339). 

T’robahly the greatest contribution of the science of genetics to 
practical breeding has been the formulation of a definite system of 
inheritance. This system furnishes the Inusis for a rational approach 
to breeding problems. However, at present it is difficult, for several 
reasons, to make specific recommendations on many practical jirob- 
lems confronting the dog breeder — the breeder’s aims are extremely 
diversified; the dogs themselves exhibit sucli tremendous variations; 
there are not nearly enough known facts on inheritance in dogs to 
solve most of the problems of practical importance ; and many practical 
men have not yet familiarized themselves with general genetic prin- 
ciples. (The discussion of these principles in introductory articles in 
this Yearbook will jirobably be found heljiful in this connection.) 
This emphasizes the need for encouraging research on inheritance in 
dogs and for organizing breedei-s so that they can obtain information 
with regard to specific problems and can at the same time contribute 
to the knowledge of inheritam-e in dogs from their own records. 

One method of encouraging improvement in the animals themselves 
wouUl be to offer prizes at <log shows on the basis of the breeding record 
of an animal instead of almost wholly on the basis of its individual 
appearance or performance. Oenetics has very definitely shown that 
in many instances the appearance of an animal is not a reliable basis 
for judging its value as a breeder. Its real breeding value depends on 
its ability to pass on desirable characters and combinations of desirable 
characters to its descendants. Because of the effect of dominant 
genes, the appearance of an animal may give no hint of the presence of 
recessive genes for quite opposite characters, more or less covered up 
by the dominants. Thus a short-legged dog may carry the gene for 
normal legs, which would show up in some of his descendants if they 
received the same recessive gene from the other parent. Similarly, 
a black dog may carry the gene for liver color. (See pn. 1 334 and 1 337. ) 

Not only individual genes but the particular combination of genes 
that an animal inherits also determines its appearance or performance. 
Since most animals are very mixed in their inheritance, they are 
capable of transmitting a large number of different combinations of 
genes to their offspring. For example, a dog of intense agouti or 
wild gray color without white spots may carry the genes for dilute coat 
color, for nonagouti, and for piebald white sfiotting. When this dog 
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was mated with an animal of similar mixed genetic composition, one 
would expect, if agouti, intense coat color, and absence of piebald 
white spotting are ixmsidered to be completely dominant,® to get 
puppies of eight different types so far as appearance is concerned, 
provided enough puppies are produced: (1) Intense agouti without 
white spots, (2) mtciise agouti with white spots, (li) intense nonagouti 
without white spots, (4) dilute agouti without white spots, (5) dilute 
agouti with white spots, (fi) intense noiiugouti with white spots, 
(7) dilute nona^outi without white spots, and (8) dilute nonagouti with 
white spots. Ihese 8 types could represent as many as 27 different 
combinations of genes, considering only the characters mentioned. 
Kxamjjlcs of the effects of certain combinations of genes for color are 
given m the appendix (p. 1.34.3). In many cases there are no data on 
the results to be expected from given combinations. 

This illustrates the fact, well known to geneticists, that often the 
only way to judge what an animal does carry in its inheritance is by a 
sufficiently extensive jirogcny test. 

Genetic studies indicate that color, type of hair, length of legs, 
form of head and body, and many other characters can be transferred 
from one breed to another by cross-bree<ling. It is undoubtedly by 
cross-breeding followed by selecfion that much of the variation in 
dogs has come aboiit. New mutations -sudden changes in the germ 
plasm, later passed on in inheritance — were undoubtedly transmitted 
to different breeds by cross-breeding and greatly increased the number 
of types. The large number of types in turn allowed great leeway for 
selection and the development of still different forms. Many muta- 
tions are decidedly disadvantageous to the animals possessing them — 
so niuch so that under wild or primitive condithms they may not sur- 
vive. Under the conditions <if domestication, however, many of the 
mutant types not only survive, but may bo superior for certain of 
man's uses. For example, certain inherited characters possessed by 
the Russian Wolfhound give him greater speed than the wolf so that 
he is useful for hunting ^^olves. On the other hand it is doubtful 
whether the Russian Wolfhound could compete successfully with the 
wolf in the wild stale because he possesses certain other inherited 
charactei’s that would put him at a disailvantage, such as a less well- 
developed sense of smell and a type of intelligence that is not quite so 
well ailapted to self-preservation as that of the wild animal. Reports 
(.o, r. /, If. 3S) of dogs that have returned to the wild state — feral 
dogs — indicate that their descendants are often wolflike in form. 

MEASURING THE ABILITY OF DOGS IN COMPETITION 
Ik onk were to undertake a comprehensive genetic program on the 
inheritance of many of the characters that make dogs useful, a system 
of measurements of these churactei*s would have to be worked out so 
that accurate comparisons could be made. At the present time dogs 
are used in competitive trials of various kinds, out of which certain 
measurements have been developed. Generally, however, these tests 
are of a simrting nature and chiefly measure the ability of the animal 
to win over its opponents under the particular conditions of the trial. 

motninHnoe |.roh»l.ly »..uW m.l l.o comph-to in all caMS. so that .t ....kIU bo [wssiblo to subdivide some 
of the phenotypic clawes 
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Often thej measure several distinct characteristics. Thus ii winning 
combination must generally include a strong tlosire on the part of tlie 
doj: to succeetl, excellent morphological and psychological adaptability, 
a high degree of coordination of physical and mental powers and often 
a higli degree of intelligence, and perfect cooperation between the dog 
and his trainer or handler. While such things are often only crudely 
tlilferentiated or measured in competitive trials, nevertheless, such 
trials have been a very important factor in the development of breeds 
especially suited to certain t^pes of competition. The following 
brief descriptions are given to illustrate what has been done in this 
connection as well as because of their general interest to dog breeders. 

Track and Sled Racing 

Dog racing has been on the increase in the United States since the 
devising of a mechanical rabbit for the dogs to chase. The I’lrst 
track using this invention was opened in 1919 in California. In 193r) 
meets were held in Arizona, Arkansas, California, Florida, Massa- 
chusetts, Minnesota, New York, Ohio, Oregon, Pennsylvania, Texas, 
and Washington. American racing records taken from the All Sports 
Record Book {42) are given in table 1. 

Tabi E I . — ^Imeritan raring rrtorih of (irryhmnih 


UlstflllOP 

(UUlp; 



Dnmon Kuo j at 
Swift Rn<l Sure 
Karl Kelly . . . 
lyome^fator. . . 

Oh Boy 

Altcar Dram .. 
Midoiciht Jiio.. 
Ucd Skipiier... 



riiice and il.ito 


Tiilm, Okla , 1!R») 

Miami, Fla , 1(127 
Milwaukee, Wia , IftJ" 

New Orleans, La , l'J27 
West Jenerson, oiiiu, I'l.ll 
Miami, Fla , 11124 
New Kenslnptmi, I’a , lO.Fl 
Miami, Fla , l'i25 
“ ■ iiiiiit, t'alif , lfl;i2 


> llamlieaii 


» Futurity IS .W yards longer than >4 of a mile 


These records are not quite so fast as the best time reported for 
running horses on oval tracks — three-eighths of a mile in '3VA seconds, 
seven-sixteenths of a mile in 39 seconds, and one-half mile in A{)]i 
seconds. Mick the Miller, a British dog, considered the world’s 
fastest Greyhound, has a record of 600 yards (a little less than three- 
eighths of a mile) in 34 seconds, which compares very well with the 
best running-horse record for approximately the same distance. 
Perhaps a clearer idea of how fast this dog was traveling may be 
gained from stating the rate as an average of 36 miles per hour for a 
distance of 600 yards. 

According to Menke {42), Mick the Miller is said to be the most in- 
telligent of greyhounds and showed uncanny ability in getting clear 
of “jams” in the running of rac<‘s, thus giving him undisputed passage- 
way. From 1929 to the end of 1931 ho won $50,000 in purses and 
numerous cups and trophies, lie was 9 years old in 1935, retired and 
quartered at W'alton-on-Thames for breeding purjmses oven though 
his exact ancestry was unknown. The increase of track racing in this 
country has resulted in the importation of thousands of Greyhounds 
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from England and Ireland and the crossing of these dogs with American 
Greyhounds. 

Another form of racing requiring a very different type of dog is 
<log-sled racing. The most famous of ttie.so races are run in Canada 
and Alaska — for example, the Eastern International Dog Sled Derby 
run annually over a 120-mile course at Quebec; the Hudson Dog Sled 
Derby (generally called The Pas Derby) run over a 200-mile course 
from The Pas, Manitoba, to Flin Flon and return; and the All-Alaska 
Dog Race at Nome. Similar races have been run in New Hampshire, 
in upper Now York State, and from Winnipeg, Manitoba, to St. Paul, 
Minn. As the races are run on scheduled dates regardless of the wea- 
ther, there is considerable variation in the time recpiired by the win- 
ning teams. Thus, over the 200-mile course at The Pas Derby the time 
has varied from 24 hours 51 minutes in 1922 to 37 hours in 1929. 
Alaska’s Borden marathons run over a course of 20 miles 385 yards, 
has been won in time varying from 1 hour 50 minutes 27 seconds to 3 
hours 35 minutes. Albert (Campbell, a Cree Indian, drove his team of 
si.x dogs 522 miles in 118 hours 16 seconds to win the Red River Inter- 
national Derby from Winnipeg, Manitoba, to St. Paul, Minn. Rules 
governing the contests vary with regard to the number of dogs allowed 
per team, whether the race must bo run in laps, and other points. 

Because of their remarkable strength and endurance, Huskies have 
been very successful in the.se dog-sled races. These dogs are the 
result of crossing Eskimo dogs, which probably have considerable 
wolf inlieritance, with such breeds as Great Dane, Newfoundland, or 
German Shepherd. It may well be that at least a part of their 
superiority in strength and eiulurance is an expression of hybrid 
vigor. Deerhounds have been used in recent years in crosses wdth 
the Eskimo dogs, but though the offspring are big, rugged animals, 
it is said that tem])eramontally they are more of a hymting-dog than 
of a sled-dog type and so are not such usefid draft animals as some of 
the otlier cross-breds. Greyhounds are also said to have been tried 
in crosses with the Eskimo dogs. The offspring have superior speed 
but lack the ability to withstand the severe climatic conditions under 
wliich the sled races are often run. Today it is hard to find pure 
Eskimo dogs in the North as the Eskimos themselves prefer the 
stronger cross-breds. 

Hupm>G AND Herding Field Trials 

Field trials for dogs are now widely held in the United States and 
in some other countries, notably England, to test the ability of bird 
dogs such as Setters and Pointers. These trials are actual hunting 
contests in which the dogs are scored by judges for their ability to 
locate the birds by scent, to point in tlie direction of the game, to 
hold the point untd the hunter fires at or flushes the birds, to retrieve 
the game wJien cripjjled or killed, to cover a large area both rapidly 
and efficiently, and to demonstrate endurance, tractabiJity, style, and 
perseverance. Generally the competition is divided into three classes, 
puppy, derby, and all-age, the division depending on the age of the 
dog. Contestants are run either singly or ni pairs. 

Similar trials are also being run for Retrievers and Spaniels. In 
these, the animals must work both on land and in the water and more 
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attention is paid to retrieving the game and less to pointing. Field 
trials with Foxliounds, Bloodliounds, and other types of sporting dogs, 
as well as ratteis, are sometimes heltl, and there seems to bo a growing 
interest in them. 

One of the effects of these trials has been a <lecided tendency to 
develop two strains within some of the breeds involved, one being 
l)red to meet the requirements of field trials and the other to meet 
bench-show requirements of the fancier or the standard set up by the 
breed association. In the first strain, mental aptitudes and physique 
are stressed, ami in the second, body conformation and color. A good 
example of this is to be found in English Settem, in which the IJew ellin 
strain has been very successful in the field, while the Laverack strain 
has been most noted on the bench. 

The herding of sheep by dogs goes buck to prehistoric times, though, 
of course, organized sheep dog trials sucli as arc held today in a number 
of countries to determine the ability of the dogs in competition are of 
comparatively recent origin. In Germany organizeil trials were held 
about the beginning of tl\e present century. In 1873 the first sheen 
dog trial was held in Wales. Since the World War, these trials 
have become very popular in Great Britain ami are also lield on a 
large scale in Australia. In the United States for the last 9 years a 
sheep dog contest has been held annually in New Englaml and 
e.xhibitions are given at a number of fairs and livestock sliows. 

So far the trials in the United States have been of the type held in 
Great Britain. One dog is run at a time and is ilirected entirely w ith 
whistles and gestures by the master. Scores are given for the manner 
and style with which the dogs handle the sheep. Trials are held in a 
meadow, with the sheep being liberateil at one end while the dog 
and shepherd enter at the other. The dog is then sent out to gather 
in the sheep, which he must bring to the shepherd. Then he must 
drive them through a number of hurdles and finally into a small 
pen in the open field. In some contests the dog is also required to cut 
out or “shed” a certain number of markeil sheep from the flock. 
All of this must be done within a certain time limit, without hurrying 
the sheep, and always with complete obedience to the shepherd’s 
commands. 

Practically all the dogs entered in the contests in Great Britain 
or the United States are Border or Working t'ollies. These dogs gen- 
erally have long black and W'hitc coats and arc somewhat smaller than 
the Collies seen at dog shows. Their heads also arc somewhat broader 
and shorter than those of the show Collies, ^^hich have been selected 
for long, flat, narrow-type skulls. Scotch and English shepherds 
train their dogs not to bite the sheep but only to bluff them, w'hile in 
Germany, w'here the dog must often protect the crops from the sheep, 
the shepherds train the do^ to grip the sheep if necessary. Border 
Collies seldom bark, which is an advantage under the conditions pre- 
vailing where they ordinarily are used. In brush countiy, however, 
a barking dog can be heard by the sheep when he cannot be seen and 
is thus often more successful in his work than a quiet one. In some 
countries, the sheep must be protecteil from wolves and other wild 
Rnimalft SO that large and powerful dogs arc needed. Because of these 
diffoieiaoes in requirements and training, it is not to be expected that 
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the luoro than 40 varieties of licrding dogs, including such varied 
breeds as the German Sliepherd, Aftscharaka, Kelpi, Puli, Old English 
Sheepdog, Komoiulor, Butulus, Riesensohnauzer, etc., can compete 
satisfactordy m trials designed for the Border Collie alone. 

In fonuer years some breeds of dogs were bred to fight each other 
in the pit or arena or, as in bullbaiting, to fight a bull. This kind of 
competition has hugely been outlawed, and the fighting breeds - 
Bull Terriers, Jhilldogs, and Boxers - are now' kept largely as com- 
panions and guards. 

Some of the recent dog shows have been featuring a new type of 
contest called an obedience trial in which prizes are aw'arded on the 
obedience of each animal to a number of commands. Poodles have 
been outstamlingly successful in tlu‘se competitions. 

Doc Shows 

Of the organized competitive activities connected with dogs, the 
<log shows attract the most interest. In 1935 there were, according to 
Menko ( 4 ^), 2,700 bench sliows in the United States, with 200,000 
entries and 1 ,000,000 paid ailmissions. No one know's how many dogs 
there are in the IJnitetl States, though a rough estimate would be 
between 10,000,000 and 12,000,000. There were registered with the 
Ainerican Kennel Club in the single year of 1935, 72,000 dogs that were 
eligible for show s. 

The largest dog show in the United States, the Westminster Dog 
Show held in NIadison Square Garden, New' York, N. Y., had a 
record in 1935 of 2,837 entries with 85 breeds represented. This 
was the fifty-ninth Westminster Dog Sliow' held under the auspices 
of the American Kennel Club and it drew entries from all over the 
world. 

As is the case with other domestic animals, the dogs that can win 
highest honors in com])etition either in field trials or bench shows, 
u-sually attract the breeilers, and dogs that can transmit their ability 
to win soon become the foundation animals of a strain or breed. Thus 
the sires Gladstone and Count Noble, which produced 25 and 30 field- 
trial winnci-s, respectively, are to be found in the ancestry of most field- 
tyiie English Setters in the United States. Dog show's also have been 
one of the most potent influences on breeding in the last half century. 
By fostering the adoption of breed standards and the use of these in 
jiirlging they have kojit before dog breeders fairly definite aims to be 
attained. They have also been a most efficient medium for advertis- 
ing those animals that, in the opinion of the judges, were the best in 
their respective breeds and have helped to spread information and 
interest in dog breeding. The standards, of course, have often been 
lai'gely influenced by changing fashions and freciuently have little or 
no relation to utilitv. ... , , 

On the whole this use of bench-show or field-trial w inners as breeders 
has made for progress, although the ovcrivhelming emphasis on indi- 
vidual performance has also sometimes perpetuated and spread 
through the breeils defects carried by the foundation stock. The 
ideal condition for the jirogress of the breeds would be to place the 
emphasis on breeding records, which should include all the offspring 
of a given animal instead of the winners only or at best the offspring 
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without sofhnis <lpfocts. Thus hreotlors would liiivo a proffcny test 
that would indicate the real genetic constitution of a given animal. 

The Aniencan Kennel Club (.1), uinler whose auspices most of the 
dog shows arc hehl, included descriptions ami standanls of 102 breeds 
of dogs in their book ruro-Bre<l Dogs published in 1935. Tlieso 
breeds, tt>gother with their color, size, and principal uses, for the most 
part as given in Pure-Bred Dogs, have been listed in tjiblo 3. This 
table clearly imlicates the variety of <logs in the United States. It is 
impossible, however, to give an a<lequate amount of detail, and for 
more complete information the readers shouhl consult the American 
Kennel Club’s publication. 

POSSIBILITIES OF FURTIIEK OENETIC RESEARCH 
WITH DOGS 

The improvement of dogs along certain practical lines by Ibe use of 
a knowledge of inheritance appears to offer definite promise f«u' the 
future. Thus the relative number of (Jerman Shejilierd dogs that are 
suitable as guides for the, bliml or for police or army work can be 
greatly increased by means of selective bree<ling and the apjjlication of 
genetics as has been demonstrated at FortunateFields(i?2). Also, work- 
ing ability can be succes-sfully combined to a considerable c.\tcnt with 
show form according to the results obtained by the same organization. 

Superior hunting dogs may be bred for certain conditions as was 
done by Adametz (see Iljin (25)), wiio crossed English J’ointers to 
Gemiah Pointers to produce a rapid-working <log that could stand the 
heat on the steppes of Moravia. 

Improved physical and disciplinary traits can probably be secun'd 
from certain crosses. Iljin (25) states tliat in s<'V(‘ral regions of flie 
Union of Soviet Socialist Republics Clerman Shepherd dogs and 
Doberman Pinschers are crossed for that ])ur|)ose. 

The histories of a large number of the present breeds as gi\eu by 
the American Kennel Club (2) indicate that they originate*! from 
matings between nnimnis of two or more breeds made purposely to 
combine certain desirable chara«*teristics in one strain. 

Doubtless many abnormalities or defects, such as <'rypt*>rchidism, 
cleft palate, reduced larynx, certain tyjies <if periodic eczema, etc., 
can be eradicated or controlle*! through breeding as indicated by the 
work of Koch (2<S’). Studies on the inheritance of I'csistance to infec- 
tious fliseases with other spei-ies of animals, as the mouse, rabbit, 
guinea pig, and chicken (see Hill (^0) for a review of the subject) 
w'ould indicate that it may be possible to develop strains of dogs i\ith 
high resistance to certain of the infectious <lisea.ses, such as distcinp<'r. 

In addition to the improvements that might be ma<]e in the dogs 
themselves, undoubtedly studies of the inheritance of various cdiarac- 
ters in dogs would aid in a better general understanding of mammalian 
genetics. 

That dogs have been u.sed extensively in anatomical, physiological, 
and p.sychological res<3arch, as already imiicated, but to a very limited 
extent in genetic research is probably due to a number of reasons. 
(1) Research workers in the fields mentioned have been able to utilize 
dogs from city pounds and cheap animals of nondc.scri 2 >t breeding. 
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whereas m making a genetic analysis a large mimber of animals would 
have to be produced from specific matings. (2) In studying the 
mhentanco of certain characters, notably psychological traits, for the 
study of which dogs arc especially good subjects, methods of measuring 
^ cliaracters must first ho jierfccted before genetic studies 
will be very fruitful. In the last analysis, however, probably the 
principal reason why less attention has been paid to genetic research 
with the dog has been 
the feeling that results 


promising greater im- 
mediate economic gain 
were to be had in other 
fields. 

Yet within a single 
species dogs show so 
wide a range of intel- 
ligence and tein])ora- 
ment that they are bet- 
tor adapted for studies 
of tlie inheritance of 
these characU'rs witli 
the crude methods now 
available than other 
species in w'hich the 



differences are less 


marked, such as guinea 
jiigs, rats, mice, ra iibils, 
and poultry. Dogs 
also reproduce with 
reasonable rapiility 
ami would not be so 
e.xpensive to maintain 
in suflicient numbers 
under laboratory con- 
ditions as horses, catth 


Figuir I. -I’uli Idifli. (lin“ of four animals of ihU breed 
rreenti) iiiiportrd lo ihr L'nitoil Stale-i Depurtiueiil nf 
Agneiilliire from ]liiii»ar_\ for iim* in hliubing tlie iii> 
hrrilanee of iiilelligen<*c and related ebaraeterfl in ani- 
mals. The I’uli lias the reputation of being an cxeep- 
tioiialN giKMi herding dog in its native eoiiiilrv. The 
nioi>t favored rolors are iviiile, errain, gray, and blaek. 
Dogs Heigh about 311 pounds, biteiies about 23 poiiiidB. 

c, sheep, goats, and swine. Thus the use of 


dogs ns subjects in certain liehls of genetic research appears to olfer 
the most practical means of attacking certain very ini])ortant problems. 

The Bureau of Animal liulustry has just initiated a project to study 
the inheritance of intelligence ami associated characters in farm ani- 


mals with especial reference to the influence of siicli eharactci’s upon 
Iterformanee and production. Dogs arc being used in the early phases 
of these si tidies because they probably exhibit a greater range in tem- 
perament and in intelligenee than most animals; different breeds 
Itavo been develoiieil for wUloly tliffereut purposes and some of them 
have important agricultural uses. 

In this jiroject dogs of several breeds of difrerent teinperainciit will 
be subjected to certain tests to determine the range and type of intelli- 
geneo and their suitability for various purposes, especially for the 
herding of sheep. Crosses also will be made between breeds and simi- 
lar tests Will bo made on the offsjtring of the first generation and later 
generations following the cross. One of the breeds being studied is 
the Puli. Four individuals of this breed (fig. 4) were recently unported 
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by the Depart inoiit from Hungary. Those dogs are noted in tiieir 
native country for their sheep-lierding ability. Studies on this i)recd 
and its hybrids from crosses witli several other breeds are now under 
way. 

From these experiments facts will be secured on (1) the degree to 
which intelligence is inherited, (2) the manner of its inheritance, and 
(3) the iniluence of intelligence, temperament, and certain other 
psychological traits upon certain special aptitiules of the dog. The 
experiments will also furnish fundamental information on the type 
of temperament and psychological traits that are needed in dogs for 
special purposes. Furthermore, information will be securetl on the 
relation of various types of temperament to sucli things as feed 
utilization, appetite, inanagement, and growth. The results obtained 
from these experiments are expected not only to furnish information 
on these functions in dogs but also to he of value in pointing tiie way 
for further investigations of this nature with otlier farm animals. 
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ClIAKACTKH.S liV DoG.S, THE I'VHERIT.t’VCIi OF WllICH M VS IJkp;N STUDIED 
nv Vakious Hesevrch Wokkeus 

Menial .ipliludes 

characlersanil lireeils Investinator 

High head carnage of the Knghsh Pointer apiiears to be Marclilew.ski i41). 
dominaiit to low head carriage of some strains of the 
German Pointers (a).’ 

High head carriage of bird dogs is dominant to low head Whitney 
carriage of llloodhounds and Foxhounds (a). 

Quiet 8t>le of hunting of the English Pointer apjiears to Marchlcwski (41). 
be doniinant to the yelping style of some strains of the 
German Pointer (a). 

Trail barking of hounds is dominant to still trailing of M hitney (h3,64). 
various breeds of mute trailers (a). 


. must !» cinplinsirisl tliiil 
liislon of n rlmriicler mny ii 
rious romliliintiona and Ini 
oltrrs in iiareiit licsos indic 
>l«, (o) studbook ivcords. 


lanv of the ooncliisfons are lentatbe and (hit tl 
Kime rases differ decidedly as a result of differeni 
■actions of the gene or genes involv^t 
B (ii) .Vuthor’s stnteiueiit, no data gh en, (li) com 
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Mental Aptitudes — l]uiiiiiiu*-il 

C'linrai'tors anJ brcwls Invi-sl iKiitor 

Water-going proix-nsity of the No^\^ollIulIallll and iiird Wliitney («,{). 
dogs is dominant to lack of it in hounds (a). 

Bird-hunting aptitude of bird dogs is iiiijicrfectly doini- Do. 

nant to lack of it in hounds anil other breeds (a). 

Higher grades of pointing instinct apjiear to be iiicoiii- Marelilewski ( 41 ). 
pletely dominant to lower grades in crosses of Knglisli 
Pointers and German Pointers (a>. 

The “backing” instinct is dependent on siiecilic genes in Do. 

crosses between English aiul German Pointi-rs ami 
strains of the same (a). 

The active, almost ner\ous, temperainent of the English Aiiaiiieti!. (Nee lljin 
Pointer is incompletely donimant to the more lethargic (!i6) ) 
teniperainent of the Gerinan I’omter. 

A factor inhibiting liveliness aiipears to 1 m* present in lljin (Hr,). 
dogs. Thus the olhspring of Gerinan iSh<*i)hcrd X 
Siberian are rarely Incly. Howc\er, the situation is 
complicated as show u b\ the fact that the offspring of 
Doherman Pinscher X t<ermnii Shepherd or of Dolier- 
nian Pinscher X Airedale Terrier arc often excitable (a). 

Disposition showed a tendency toward segregation in Gates (IH). 
the offspring from a cross of a ver\ gentle and timid Old 
English Sheepdog to a pla\ful uggressixe Scotch Collie 
(b). 

Auditory undersensitiveness apiiears to be incompletely lliimphrey and War- 
dominant to oversensitiveness in Gerinan Shepherd ner (US). 

(logs. Probably more than one factor is involveil. 

Tactual (bod\) undersensitixcncss ai>pears to be incoiii- Do 

pletely doininant to tactual overscnsitn eness in Ger- 
man Shepherd dogs. Probabh more than one factor 
is iiiNolved 

Both auditory and tactual seii.siti\ eness appear to be Do. 

associated with sex KelatixeU more males are under- 
sensitive and more females oxersensitne than would be 
e.xpected b> chance 

Energy, distrust, willingness, and trailing w illiiigne.ss Do. 

apjiear to be inherited, but OMilcnce is not conclu.sue 
(a). 

Body Characters Other than Color 

Narrow jKnntcd head of the sheep dog is ilommant to the Marelilewski ( 4 I). 
broad dished t\pe of the Pointer (a). 

Elongated type of liearl in the Grej hound is dominuiit to .Stonhege anil Wnedf 
the Bulldog and Pug txpes of skull formation. (See Murchlewski 

(41)) 

Wide form of skull and lower jaw is dominant to narrow lljin 
(as studied in the German Shejjherd and crosses 
between the dog and the xxolff fa). 

Head shape of the Boston Terrier ami Fn*nch Ituildog .Stockurd (65). 
gives intermediate head sha|M* when crossed with 
Dachshunil.s. Multiple factors are involved, some 
dominant and some recessive (a). 

Head shape of English Bulldog is incompletely dominant Do. 

to head shape of the Basset Hound fa). 

“Brick ’’-shaped head of the Airedale Terrier is incom- lljin (25). 
pletely dominant to the type of the Doberman 
Pinscher (a). 

Bulldog type of hea<l is dominant to the hi*a<l type of Do. 

the Doberman Pinscher (a). 

Short crown is dominant to long crown (a) 

Head length shows intermediate type of inheritance (a). 


Do. 

Do. 



noGs 


1333 


Body Charuclors Other tJuin Odor -VAtnt'inued 

ri.aract.TsandI.reP.ls mvestlgator 

T)u‘ orbital angle » appeara to be controllcal bv at lca«t Iljin (^6') 
two factora Ih crosaea between tlie Gerniiiii Shephertl 
flog and wolf. In the F, aniiuiils the angle is intcT- 
iiicdiate but closer to the dog type. 

'J'he form of the uygoiiiatic process and inaxillurv angle Do. 

(cheekbone and angle at its arderior end) ai»peara to 
be controlled by at least twf> faclor.s. Crosses were 
between the Clerinan Shejdierd and the wolf. The 
h'l animals were intermediate lint clo.ser to the wolf 
type. 

llotundity of the bidlae osaea or ear bladders appears Do. 

to be controlled by at least twfi factors in crosses be- 
twf'cn the German Shepherd dog and the wolf. The 
r'l’s were intermediate 

Nonriblxjdne.s8 of the ear bladders appears to be con- Do 

trolled by at least two factors Crosses lietneen 
German Sliepherd dog and wolf. Fj intermediate 
lint closer to wolf type. 

Cheekbone breadth ajipears to be Cfintrolled by at least Do 

two factors. Hlendiiig type of inheritance. 

Length of imizule and heail shape intermediate in off- Wriedt (s’7) 
spring of normal-nozed Schnanzer- Dachshund X 
short-nosed Pekingese. Uesnits from backcro.sses 
indicate that the broad skull and greatly shortened 
iniizzle of tlie Pekingese results from a single factor 
(b). 

Defectivesight is associated « ith merle dilution (p. l-ifil) Mitchell ({?}; Pearson, 
in the homozygous condition in Collies and with Nettleship, and Uslier 
alliinism in Pekingese ({.'), pt. 2, yp 4H(i~ 

r,2(n 

Doiiiile no.se is inherited apparentU as an incomplete Iljin (2>) 
dominant in Siberians, MoNcrs, and lloxer X Bulldog 
ta). 

Normal palate is a simpli* dominant to various types of Koch (..-’.s'), 
cleft iialate fre<iueiit in dogs with short skulls The 
defect is due to a disturbance of the pituitary growth 
hornioiie (a). 

Normal larynv is dominant to reductniii and narrowing Do 

of tlie larynx in .“^kve Terriers (a) 

Pitch and timlire of the voice appear to be inherited, Iljin (.?>). 
but there has been no anahsis (a). 

Yaiipiiig bark appears to be dominant to hoiiiul drawl Whitney (S', 9) 

(a1 

Normal number of teeth is dominant to missing teeth Humiihrcy and Warner 
in Gerinaii Bhepherds Probably more than one {22) 
factor ia involved (a) 

Deafness is a.ssuciated witii homo/ygous merle dilution Pearson, Nettleshiii, 
in Collies and with extreme wliite spotting III Gri'at I slier (.(/>); Mitchell 

Danes and Hull Terriers. 

Small e.ar size of Alsatian appears to be lioininant to Marchlewski (2,1) 
largo ear size of the Pointer (a) 

Triangular ty|H’ of ear in Knglish Pointer is dominant Do. 

to the larger lobed tyiie ear of the German Pointer 
(a). 

Hanging or pendant ear carriage apin-ars to In- incoin- Plate (■»/). Marchlewski 
pletely doininant to erect ears in Pointer X Alsatian (41) 
mid Ceylon Hairless X Dachshund. 

’The»nzlefon,.e.l hy the li.lersecimii of .i iim^s the o>e .v*Hkcl »illi i. horlronlsl nlane across the 

top of tbu. skull 
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litMly Chiinictors Other than Color — (Joiitiiiiirtl 


I 'liaraolws iiiul hrmls 

Knr oarrijiKO appears to be Renerally due to three allelo- 
morphs with the followiag relationships siiggesteil. 
11“ semiereet., 11- lop, li- ereet 
11“ eonipletely dominant to II or h. 

II ineompletelv dominant to h. 

I!“ll“ - Il“II - ll“h - semiereet (\illie t\pe. 
nil - lop. 
llh - semiereet. 
hh - ereet 

There is also an independent semiereet t\pe of ear ear- 
riage as in the Russian \\ olfhonnd, and an indepen- 
dent lojj-cared type rtvessive to ereet ear. No infor- 
mation is gi\en on this last tipe (a) 

Kreet ear carnage seems to be partl\ <lominant to 
faulty ear carriage in German She|)lierds and prob- 
ably depends on multiple factors (a). 

Narrow chest is dominant to broad chest (al . 

De\elopment of chest is intormeiliate in inheritance in 
crosses of English and German Planters (a' 

Denial) in the Gorman Pointer is dominant to lack of it 
in the English Pointer (a). 

Body form in cross-breils from Doberman Piiisehci \ 
Rottneilcr is intermediate. 

Body and trunk form of St Bernard is dominant to that 
of" Dachshund (b'l. 

Body and leg form showed segregation in a cross of Old 
Phiglish Sheepdog with Scotch Collie (b> 

Short tail or absence of tail is due to seicral failors 
apparently not related to sex (bi. 

Short tail is dominant or incompletely doininanl to 
long tail in Schipperkes, and Belgian or BrusvcK 
Grilfons. 

J'orm and posture of the tail appear to be inherited in 
addition to length (al. 

Homozygous short tail is lethal — 

Normal tail of Dachshund is dominant to sereu tail of 
Boston Terrier or French Bulldog 'INki factors aii- 
pcar to be involved (a). 

Screw tail docs not appear to be linked with bull-shaped 
head in crosse.s of the Boston Terrier <ir I'rench Bull- 
dog with Dachshund and in crosses of the l-.ngiis|i 
Bulldog with the Basset Hound (a). 

Normal tail of the Bas.set iloiiiid is a siniph' dominant 
over screw tail of English Bulldog (aj 

Norma] tail i.s a simple dominant to screw tail in the 
French Bulldog Hi rcw tail is ajiparcntlv ba-cd on 
defective functioning of the growth lionnone of the 
anterior lobe of the pituitary (a). 

Short legs of Dachshiiiifl, Basset Hound, Scotti'-h Ter- 
rier, etc., are incompletely doiiiinaiit to normal long 
legs of Saluki, Bull Terrier, French Bulldog, English 
Bulldog, Sclinauzer, Fox Terrier, and other iiormal- 
Icggcd breeds. 

Catlike compact foot of the Iviiglish Pointer appears to 
be incompletely dominant to open liarelike foot of 
German Pointer fa). 

Closed foot appears to be dominant to open foot in Ger- 
man Shepherd (a). 

Short foot appears to be dominant to long fool in Ger- 
man Shepherd (a). 


Investigator 

lijin 


Do. 

lliiinphrey and Warner 

Iljm (;W). 

.Marehlewski (.{/)■ 

Do. 

Wriedt (07). 

].!ing (.i-i). 

Gates (/t/). 

Klodnitsk.v and SpiUt 
Iljm (-'.)), bit tie (i.V) 

lljm (Jo). 

Mlniorm (Sec \\ riedt 
(t.t.i); lijin (^5) 
Stoekard (.5.5). 

Do 


Do 

Koch (AS) 


Lang Stoekard 

(.5.5); Wricdt (H7). 


.Miirehlew.-ki (.{/). 


Humphrev and Warner 
(S2). 

Do. 
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Body Characters Other than Co/r,r -Continued 

^'liaraoters and l>i«crls 

Supernumerary (fiflli) toe on the hiiul feet appears to t.e 
inherited in various tirccdh. Mcnle of inlicritancc has 
not been determined (a). 

Short hair (»S') is due to a single gone almost completely 
dominant to long hair (») m the Newfoundland X 
Pointer, Ileigiun or Hrussels C.rilfon, and Dachshund 


Iljin (35). 

Lang Anker (4); 

Iljm (35); Little (38). 



hfftro 3. Haired and liairlersi Mosicaii dogs from the same litter. 

(Pliotograjih by courtesy of the Journal of Jleredity, after Stoekdale (/).) 

Rough or wire hair (A*) appears to he <lue to a single Plate (5/1; Anker (4)', 
gene iiieom))letelv dominant to .smooth short hair (r) Iljin (35); Jattle (38). 
ill Relgian or Hrussels tJrilTons, Dachshunds, and 
Ceylon _ Hairless dog X Dachshund. The Jt series 
(.It—r) interacts witii the S series (.S'— s) togiie the 
foilowing phenotypes: 

Its and Its = wire — short r.s- long. 

In a cross of Old Knglish Shee)>dog with Scotch Collie, Gates (16). 
tvpo of coat showed segregation with the additional 
ap]>earaiico of short smooth coat. This indicates 
a more complex genetic basis for the inheritance of 
length of coat than shown alxive (b). 
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Body Chttraclers Other than Color — Cuntiiiiiotl 

Cliaracterii luiil Iir'ciK Iiivi'ntlKntor 

Hairlessness (fig. 5) is due to a single gene incompletely tStockdale] (/) ; Plate 
dominant to normal hair in Mexican, Ceylon, Afri- (5/,/J;S);Lctnrd (3h). 
can, and Egyptian hairless dogs and Ceylon Hairless 
X Dachshund. The gene appears to be lethal in the 
homozygous state and to be associated with dcfectn e 
teeth and often with a slender, greylioundlike body 
conformation in the heterozygous individuals 

Cryptorchidism is inherited in many breeds. Normal Koch {.S8). 
descent of the testes is a simple dominant to cryptor- 
chidism in breeds having pronounced lieiul shortening 
and screw tail; apparently cryptorchidism is caused 
by defective functioning of the anterior lobe of the 
pituitary (a). 

Thyroid size is relatively larger in the offspring of Vicari (flO). 

Dachshund crossed to lloston Terrier than in either 
parent (a). 

Relative size of thyroid in the German Shepheril is in- Du. 

completely dominant to relative thyroid size of the 
Hasset Hound (a). 

Differences in structure of the thyroid found in various Do. 

breeds appear to be inherited in Mcndeliaii fashiop 
(al. 

The greater power of destruction of uric acid with the Onslow (4/!) . 
formation of allantoin found in most dogs appears to 
be domuiaiit to the decreased ability rciiorted m 
specimens of the Dalmatian breed (b). 

Death of certain motor and s.Miipathetic neurones in Rtoekard (dW). 
the lumbar region of the spinal cord causing -weak- 
ness and paralysis of the hiiiil legs and in the males 
chronic dilation of blood vessels to the erectile tissue 
appears to be caused by multiple genes. The h> poth- 
esis that three dominant genes must bo present in 
order that the character he expressed is suggesti-d by 
Stockard This condition was obser\e<l by Stockard 
in crosses between St. Bernard and Great Dane, and 
between Bloodhound an<l Great Dane. It has been 
reported at times in purebred St. Bernards and Great 
Danes. 

Estrual weakness ® occurs as a dominant to its absence Koch (38), 

111 many breeds of dogs. The defect is due to de- 
ficient functioning of the follicular hormone (a). 

One rut during the year is dominiiiit to two ruts cliiring Iljin (Sf!). 
the year in cross-breds from the wolf and dog (a). 

A pleiotropic gene in the Dunkcr breeil (dominant Wnedt (6'«). 
irregular spotting) affects color, eyes, general % igor, 
and the reproductive cycle in the female 

Hyfiertrophy of the vaginal iiiiicosa during heat, often Koch (38). 
leading to prolapse of the vagina, is probably doini- 
iiant to the normal condition. It is especially fre- 
quent in families showing cryptorchidism and clea\- 
age malformations and is apparently due to the 
imperfect functioning of the follicular hormone, the 
production of which is controlled by the se.x hormone 
of the anterior lobe of the pituitary (a). 

Inherited periodic exzcma is probably a simple dominant Do. 

to its absence. Indications arc that it is <liie to a 
thyroid disturbance (a). 

Tendencies toward certain diseases, as cataract, Iljin (36). 
whistling asthma, several forms of epilepsy, and 
recurrent inflammation of the eyes, appear to be 
inherited (a). 


> The lack of readiness for cuinilution in tlie tiresenie of nornial inoriilioloKlcol eslrtml |j|ienouiena. 
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Chancten and breeda Investigator 

Color (O appears to be a simple dominant to imperfect Pearson, Nettleship, 
albinism (c^) in the offspring of colored and albino and Usher (40); 
Pekintgae and in the progeny fromalbino Pekingese X Wright (es)-, Pearson 

black Pomeranians (Wright, using the data of Pear- and Usher (SO). 
son, Nettleship, and Usher). Inconsistencies in the 
data are probably due to the interaction of other 

White coat with dark nose and eyes of white Pomer- Dawson (data from 
anian (e*) appears to be a dchninant allelomorph of Pearson and Usher 
partial albinisin (c‘) (Cornaz albino, very pale grayish (SO)). 
coat with pale-blue eyes appearing red in some lights) 
in the Pekingese (b). 

The basic gene for color (C) is dominant to (c') which Iljin (SS). 
dilutes red to yellow (found in the Siberian) and to 
partial albinism (c'') found in the Samoyetlc (a). 

Intense color is incompletely dominant to a factor Tjebbes and Wriedi 
causing partial albinism (nearly white coat with (S9), and data frorr 

grayish bladk'noso and dark eyes) found in the Pearson and Ushei 

Samoyedo dog. In the hetcroaygous state recessive (SO). 
red is redueed to pale chamois while black is not 
affected (b). 

Black (B) is a simple dominant to brown or liver (h) in Lang (S4) ", Little (S7) 
Pointers, Cocker Spaniels, Dachshunds, Doberman Harrows and Phillip 

Pinschers, Newfoundland X Pointer, and in crosses of (6‘) ; Wnght (68) 

wolf and German Shepherd dog. Anker (4 ) ; Hjm (^A 


Tjebbes and Wriedt 
(S9), and data from 
Pearson and Usher 
(SO). 


Lang (84) i Little (3?); 
Harrows and Phillips 
(6‘) ; Wright (68 ) ; 
Anker (4); Iljin (84, 


Yellow (A^), wild gray color (A) and black and tan Little (38). 
spotting (a') appear to form an allclomorphie series. 

A» restricts the distribution of black and is incom- 
pletely dominant over a '. A* and o ‘ arc foun<l in the 
Belgian or Brussels Griffon (b). 

Sable is dominant to nonsablc in Collies. It is due to a Mitchell (43). 
single gene (A") allelomorphic to the recessive bicolor 
or black and tan (a ') and is in the agouti scries. It is 
dominant to agouti or wild gray color (yl) of the 
German Shepherd. Mitchell reports the following 
relationships: 

yl»/4»=clear yellow sable. „ » • 1 

>l»o*=varieH from almost a clear yellow to dark 
sable apparently governed by niodi- 
fiers. 
agouti. 

Dominant black and tan (A '), wild color (A), self-color Iljin (34h 
(a), and recessive black and tan or liver and tan spot- 
ting (o') appear to form an allelomorphic seriM with 
dominance inthe order given from crosses 
man Pinscher with a wolf, and DobCTman Pinscher 
crossed to wild colored German Shepherds. 

Wild gray, self-color, and black and tan '' 

prcMnt in an allelomorphic senes in ^ 

and German Shepherd dog with dominance in the 

Dominanrj^ilow and its allclomon>h brmdle ^ cpi- Marchlewski (4/)- 
static to all other color pigmentation 
buck, common in Great ?ho’BuU- 

cer^n breeds of terriers; also probably in th^uU 
d«S^d Mastiff, practicMly Ant'^ofSthcI 

Russian and French origin. (In 
evidence, it may be questioned whether dominant 
yeUow and brindle are allelomorphs.) 



1338 


YEARBOOK, 1937 


Color Inheritance — C<mti lined 


Characters anil lireeils 

Recessive black is hypostatic to dominant yellow but 
epistatic to brown (chocolate) and recessive yellow. 
It is also recessive to wild or wolf-Rray color. Occurs 
in Irish Setters, Dachshunds, I^iptaks, shepherd, and 
pastoral dogs (b) . 

Self-color (7^>° is dominant to bicolor (black and tan) 
(0 in the Basset Hound and Dachshund. In com- 
bination with black and B^extension the 
series mves: 

BRT= self-black, black and tan. 

BeT =self-tan, red with black nose. 

Bet •=rcd and lemon with black nose. 

Ibsen states bicolor is not in the agouti series but does 
not give evidence. (In the light of other evidence 
this may be questioned.) 

Solid color in incompletely dominant to bicolor (black 
and tan, brown and tan, red and lemon) in Cocker 
Spaniels, Doberman Pinschers, Collies, Gordon Setter 
X Irish Setter. 

Dominant red is dominant to black and tan in Dachs- 
hunds. 

Yellow or red is epistatic to black and brown in Dachs- 
hunds. 

Red of Irish Terrier (probably (/t")) is a simple 
dominant to black and tan of Fox Terrier or Welsh 
Terrier. 

Black and tan may be related to black in the following 
three ways: 

1. The recessive factor by which it differs may 

1)0 identical with factor by which red differs 
from black A subsidiary factor is neces- 
sary to modify a red into black and tan. 

2. Black and tan may lie due to an allelomorph 

of the extension senes 

3. Black and tan may be due to a factor inde- 

pendent of the exteiKsion senes. 

Reddish brown (B) is epistatic to black (A) (except 
AAB6 = black) in Daclishiiinis and Ceylon Hairless 
crossed to Dachshund. Plate suggests the follow- 
ing: 

AABfli=dark red 

AaBB and oaBB=light red 

AaBb and aaBf>=yello« 

AABb, A Abb and A 066 — black. 

oa6f»= brown (c). 

Red apfiears to cover up the presence of agouti or “hare 
coloring" in the wire-haired Dachshund (c). 

Agouti is dominant to black and tan or brown and tan 
in the wire-haired Daclnsliimd (c). 

The more extensive tan markings in the Gordon Setter 
are partially dominant to the lesser tan markiiig.s 
(a). 

Dominant black is ejiistatic to all other Ujk's of pig- 
ment formation and probably is an allcl in the exten- 
sion series. It is found in Pointers, Setters, Groat 
Danes, Spaniels, and 111 some of the terriers, ns the 
Fox Terrier (b). 

Extension of black pigment (/?) is dominant to restric- 
tion of black pigment; i. e., yellow (e) in Pointers (c). 


Investigator 
Marchlewski (4t), 


Ibsen (eS); Anker (.4). 


Barrows and Phillips 
(«); Iljiii (24) \ Mitch- 
ell (43). 

Hagedoorn (17); Ibsen 
(23 ) ; Anker (4) ■ 

Hagedoorn (17); Anker 

(^). 

Hirsclifeld (21). 


Wright (m. 


Plate (.)/): Anker (4). 


Anker (4). 

Do. 

Ujii. (i.'i). 
Marchlewski (4t). 


Little (37). 


i» The symbol T ii3e<l by Ibsen ami Anker Is not the same ns that uswl In table 2 where himlor Is placed 
In the agouti series and Tls used as the symbol lor the tic king serle-s 
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Color Inheritance — Continued 

Characters and breeds 

Black (B) is dominant to brindlo (B«) and to red or fawn 
(e). Briudle (BO is dominant to red or fawn (e) in 
Great Danes and Greyhounds. Little and Jones, and 
Warren suggest that they form a triple allelomorphic 
series (c). 

Brindling appears to lie dominant to the lack of it in 
Irish Wolfhounds and Great Danes (c). 

Black or liver is a simple rlominaiit to red («e) (a) 

Black appears to be dominant to tan or red in the l5ol^r- 
man Pinscher. 

Black and liver are dominant to recessive yellow present 
in Pointers, and frequently in English Otters (a). 

Dirty-white belt, yellow-brown belt of medium inten- 
sity, and bright-yellow belt in wild gray hair appear 
to bo determined by triple allelomorphic genes in 
crosses of the wolf and German Shepherd dog. Domi- 
nance tends to be in the order given but is very weak 
between the first two. 

Grayish-white dappling, light-yellow dappling, red 
dappling, appear to be present in an allelomorphic 
series in crosses of wolf and German Shepherd dog. 
Dominance is in the order given. 

Intense coat color is a simple dominant to a factor dilut- 
ing black coat color to blue and red to fawn or lemon 
in Cocker Spaniels, Great Danes, Doberman Pin- 
schers, and Greyhounds. In Greyhounds, Warren 
found some evidence indicating the factor diluting red 
was not the same as the one diluting black. 

The rough hair gene appears to dilute the coat colors, 
especially yellow, in Belgian or Brussels Griffons. 

Intense pigmentation of hair, ball of foot, claws, and 
skin in hairless dogs (D) is incompletely dominant 
to dilute pigmentation of same (d) in crosses of the 
Ceylon Hairless dog X the Dachshund. 

Dominant irregular white spotting harlequin pattern, 
often associated with wall eye and in extreme white 
individuals with deafness, is reported to lie a simple 
dominant to the absence of such spotting in Cocker 
Spaniels, Great Danes, Old Eimlish Shcej^ogs, Dal- 
matians, and p^ibly Bull Terriers. Though re- 
ported as a dominant, most individuals affected ap- 
pear to be heterosygoiis. Ilj'in reports that this 
spotting pattern does not show when present m 
yellow or lemon hounds. 

Dominant irregular spotting (merle dilution — fig. 6) 
often associated with wall eye is reported to be due 
to a single gene dominant to the absence of such 
spotting in the merle Collie, dappled Dachshund, 
and Norwegian Dunker Houml. In the heterozygous 
condition it produces irregular dark spots on a lighter 
pigmented ground color. With yellow or sable ani- 
mals, however, its presence is often difficult to detect 
unless it has affected the eyes. In the homozygous 
condition it produces pale-gray or yellow spots on a 
white coat and generally defective sight and hearing. 
Mitchell suggests the alxive pattern is produced by 
the same gene as the harlequin pattern except that 
in the latter case there is an independent mollifying 
gene which dilutes the ground color to white. 
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Investigator 

Little and Jones (S9): 
Dighton (/«); War- 
ren (fif). 


Darling and Gardner 
{11)', Little and Jones 
(39). 

Wright {68). 

II jin {84). 

Marchlewski (41). 

Iljin {S6). 



Pearson, Nettlcship and 
Usher {49)\ Barrows 
and Phillips {6 ) ; 
Wright {68)', Little 
and Jones (59); Wriedt 
{65 ) ; Marchlewski 
{41)', Iljin (55): Hum- 
phrey and Warner 
(55); Mitchell (45). 

Wriedt (55); Anker (4); 
Mitchell (45). 
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ColIipR fthouing the effects 
of the genes f-c for domi- 
nant spotting (merle dilu- 
tion): A, Normal black and 
tan Collie (w); tt, blue merle 
Collie (I'v), wliicli happens 
to have both eyes normal, 
but often one or both eyes 
\till be wholly or partly of 
a pale bluish-^^liite color — 
“vt all-eyed"; C, merle Collie 
with defective sight and 
hearing (f''!')- Since blue 
merles or sable merles are 
mined (Ke), they will not 
breed true when mated 
together. (Photographs by 
courtesy of the Journal of 
Heredity, after Mitchell 



DOGS 

Color Inheritance — Continued 

Characters and breeds 

Self-color (iS) is dominant to piebald white spotting (s) 
in hounds, sheep dogs, Doberman Pinschers, Great 
Danes, Cocker Daniels, Newfoundland X Pointer, 
Ceylon Hairless X Dachshund, Airedale X Fox Terrier, 
and wolf X German Shepherd dog. It appears to be 
subject to modifying genes causing it to range from 
a very little white on the coat to practically entirely 
white animals. The lesser degrees of piebald white 
spotting appear to be dominant to the greater degrees. 
Haldane attributes this variation to three allelomor- 
phic factors. Si, Sj, and 8«. Wriedt suggests Ss animals 
are generally solid color except for small white mark- 
ings on chest and toes. 

Self-color with white on chest and toes comidetely dom- 
inant over markings in NewfoundlandXPointer. 

Dominant white (IF) is dominant to color (w). It 
occurs in the Russian Shepherd and sometimes in 
the Siberian- (a). 

Colored coat -(IF') appears to he a simple dominant to 
white coat (w') in Collies. Heterozygous animals 
(IF'ie*) often have more prominent white markings 
than those free of the factor. These white Collies 
have dark eyes and nose. As a rule there is some color 
on the head (a). 

Tricolor is caused by a combination of black and tan 
(bicolor, o') and piebald white spotting («) in hounds 
and Collies. 

Pigmented point in the midst of a white area on top of the 
head usually dividing the pigmented auricular regions 
behaves as a dominant to the lack of it in Pointers (a). 

Self-color of ear appears to be dominant to white spots 
on the ear. In the heterozygous condition there arc 
a few white hairs on the ear (a). 

Ticking or roan (flg. 7) is a simple dominant to the lack 
of it in Cocker Spaniels, Setters, Pointers, and Fo.\- 
hotinds. It does not show except on white, and heav- 
ier grades appear to be dominant to the lighter grades. 

Nonsilvering appears to be a simple dominant to silver- 
ing in Doberman Pinscher (a). 

Eye color showed segregation in a cross of a dark brown- 
eyed Old English Sheepdog with a light brown-eyetl 
Scotch Collie with the additional appearance of “wall 
eye.” 

Dark eyes apmar to be dominant to lighter colored ones 
in Cocker Spaniels and German Shepherds (a) . 

Brown or yellow eyes (F) apijcar to be dominant to blue 
eyes \y) (a). 

Normal eyes (P) appear to be dominant to ruby eyes 

(pO (a)- 

Wall eye is associated with merle dilution in Collies, 
Old English Sheepdogs, Shetland Sheepdogs, D^ 
pled Dachshunds, and Norwegian Dunkcr Hounds, 
and with irregidar black and white spotting m har- 
lequin Great Danes, Dalmatians, and Bull Terners. 

The nose is always the same color as the footpads in 
Cocker Spaniels. 

The colors (black, blue, red, fawn, white, bnndle, or 
white SMtting) do not appear to be hnked with sex 
in Greynounds. . ... . .. 

None of the colors appear to be linked with sex m the 
Dachshund. 
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Investigator 

Lang (34)-, Wright (88); 
Little and Jones (39) ; 
Wriedt (65); Plate 
(61); Warren (81); 
Haldane (18); Mar- 
chlewski ( 4 /); Iljin 
(34, 35, 36); Hirsch- 
feld (21); Mitchell 
(48). 


Lang (34). 
Iljin (25). 


Mitchell (43). 


Ibsen (23); Wright (88); 
Mitchell (43). 

Marchlewski (4I). 

Do. 


Barrows and Phillips 
(6); Wright (ff4(); 
Whitney (82 ) ; Mar- 
chlewski ( 41 ). 

Iljin (24). 


Barrows and Phillips 
(6) ; Humphrey ami 
Warner (22). 

Iljin (25). 

Do. 

Gates (18 ) ; Pearson, 
Nettleship, and Usher 
(45), Anker (4): 
Wriedt (d5); Mitchell 
(43). 

Barrows and Phillips 
( 6 ). 

Warren (61). 


Anker (4). 
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hfftre 7 — Foxhounds showing the absence and presence of ticking, colored hairs 
intemungled with white hairs on those portions of the body that would otherwise 
be white A, Foxhound hitch without ticking (tl) B, Foxhound dog with ticking (Ft) 
Light of the fifteen offspring from the above animals were licked (Photographs by 
courtesy of the Journal of Heredity, after Whitney (62) ) 
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Formulas for Some of the Most Common Colors and Color 
Patterns in Working Etocs (Homozygous Individuals) " 

0«iietlc formula Phenotypic appearance 

CCAABBDDEBSS Wild gray. 

— 

Liver. 

Blue. 

Briiulle. 

|YeUow, black nose. 

Yellow, brown, or light colorerl nose. 

CCa‘a‘BBDDEESS Black with tan markings. 

CCa ‘o •bbDDEESS Liver with tan markings. 

markings. 

Black with white spots. 

Liver with white spots. 

1 White — Thus c^c* and IF' are cpistatic to, or cover up the 
f action of the other genes given. 


CCaaBBDDEESS 

CCaahbDDEESS 

CCaaBBddEESS 

CCaaBBDDererSS 

CCaaBBDDeeSS 

CCAABBDDeeSS 

CCaabhDDttSS 


CCa*a*BBddBESS 
CCaaBBDDEEaa 
CCaahbDDEEaa 
And generally 
c*c* 




for at iMut MiM of them are quite common even among purebred dogs 
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GHOUP 2. SPORTlNt; D«J(;8 (HOUNDS) 


Afghan HounU... 


Basset Hound.... 


Dachshund, 3 


wire - haired, 
long-haired 
Sc<ittlsh Deer- 
hound 


Greyhound... 
Harrier 


NOTwe^lan Elk- 

Otterhound 

Saluki 

Whippet 

Irish Wolfhound. 


Black and tan, black, golden. 


Generally black, tan or 
while, or a oomblnatlon of 


Black, tan, black and tan, 
black and white, tan and 

white, black and tan and 

white 

Black and tan, red and tan, 
tawny, sometimes with 
small amounts of white 


Solid red (tan) of various 
shades, black with tan 
points, chocolate with tan 
points. 


Dark blue gray darker an<l 
lighter grays, brindles, 
yellow and sandy red, red 


Black, t 


lacK, tan, black and tan, 
black and white, tan and 
white, black and tan and 
white, often ticked 
Black, tan, black and tan, 
black and w hite, tan and 
n hite, black and tan and 

Black, blue, brindle, red, 

fawn, white and above 

colors with white 
Black, tan, black and tan, 
black and while, tan and 
white, black and tan and 
white, sonieliines of a 
blue mottleil color 
dray with black tips to the 
long covering hairs, some- 
what lighter on under part 
of body 

Blue and white, grlxtle or 
sandy, black and tan 

Cream, fawn, red. 


m, red, grlii 
black ana ta: 


white and chestnut, tri- 
color (black, white and 
tan), solid black. 

Black, blue, ted, white, 
fawn, gray, brindle, and 
combination of these with 
white. 

Gray, brindle, red, black, 
pure white, lawn. 


66-70 

About .VI 


Up to 0.6... 
Atiout 70... 


10-28, ateragc 


Minimum 120.. 


Up to 65... 
About 70... 


10-28, average 
20 

Minimum 120.. 


Coursing Jack rab- 
bits; in its native 
country, hunting 
gazelle and leo- 

Hunting foxes, rab- 
bits, and pheas- 
ants; trailing in 
dense cover 
Hunting individual- 
ly, or in packs for 
hare, rabbit, and 
drag hunting 
Trailing criminals 
and hunting for 
lost persons and 
articles 

Companions; hunt- 
ing rabbits, in their 

hunting badger 


Hunting wolves, coy- 
otes, rabblt.s; for- 
merly for hunting 
deer in Scotland, 
eompanlons 
Fox hunting; drag 
hunting, used 
■•ingly or in packs 


Coursing hare and 


CompaDlons; former- 
ly for bunting otter 
In England. 
Coursing, hurdle rac- 
ing, companions 


Running and killing 
coyotes and wolves, 
guards; com- 
panions 

Hunting wolves; 
coursing hare, 
companions 


No published weights. 
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Tablb 3. — Color, weighU and most important uxei ^ breeds of dogs recoffUxed the 
American Kennel CJub — Continued 

GROUP 3. VOHKINC IMMJS 



Principal rohirs 

Weight 


Males 

Females 



Wolfish 


Poundi 


Belgian Sheop- 

while "Caplike or inask- 
lilce marking on fare 
Long-haired variety, black. 
Short-haired variety, 
brindled (aa-n with black. 

From fawn to black through 
gcpi^r and salt, gray and 

Alvoilt .’a. 

Aiioiit .1.1 

1 Icrding sheep; imlice 
and army service. 

Flandre. 



IK)lic‘o and army 


mask, a bite a-ith black, 
fa’vn or brindle mark- 
ings 



dogs, ivolice work, 
companions, for- 
merly dog fighting 
and bull Eiaiting 


a lute hairs, dark and 
light gray, tawny, and 
combinations of gray and 
taa ny 

•Vny shade of fawn or brindle 



dogs, police and 
army service. 

Collie (rough).... 

Collie (smooth) . . 

Dob^ian Pin- 

«n 

so 


frill and collar, sable with 
white tii.irkingv, white, 
^blue 1 1 



Ilvestwk, comiHtn- 
ions 

markings, sable with 
white markings 

Black, brown, or blue with 
rust-re<l sharply deflnevl 
^ makings ^ ^ ^ ^ ^ 




Guards, watchdogs, 
imllw and iirtiiy 

Oerman 8hep- 

Qreat Dane 

Oreat P}Tenees_ . 

gray, all shades of tan or 
bulfaiKl all wtiibmalioiis 
of these colors 

Various shades of grav , 
black, black and tan, 
brindle. brow n. white 
marking permitted 

Brindled, fawn, blue, black, 
harlequin 

White or principally white 
with markings of b.idger, 
gray, or tan 

r25-lfi0. 

100-125 

AlKlllt .15 

io(i-i:io. 

ice, csia^lall^on 
ingin the Arctic. 

Herding livestock; 

serv lie, w atchilogs, 
guides for the 
blind 

( liiards, mmiianinns, 
originally liir hunt- 
^^ingJargBjtame 



ions, u.seil for guard- 
ing flocks and fur 
IMtck and ihiift 
service in the Pyre- 
^^nees Mountains 

Mastiff 

Silver fawn or dirk f.iwn 

Atiout 170 

About 170 

Guards and compan- 

Newfoundland. . . 

brindle, with murrle.enr^, 
and nose black 

Dull jet black, while and 

iwM.m. 

Iltl-ia) 

ions. formerly for 
fighting (dog fight- 
ing, bull baiting, 
bear baiting, etc) 
Water dog.s, formerly 
for carrying life 
lines from stranded 
vessels; guards, 
companions 
Herding cattle or 

Old English 

black or bronze 

Gray, grizzle, blue or blue 

About 65 

About 6.1 

Sheepdog 

Rottweiler 

merled, with or without 
white markings in vary- 
ing amounks 

Black with tan or brown 

^ (*) 

(1) 

sheep, watchdogs; 
companions. 

Driving livestock, 


markings 



|iulllngcarts;guard.s; 
police service. 


' No puhlbhe>l ueiKhts 
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Tablb 3,— Color, weigfa, and moMt important uses of breeds of dogs recognized by the 
American Kennel Club — Clontinued 

CJHOUP 3. WORKINi: IMM;S-Cont.nii«d 


Breed 

I 

Weight 1 

Principal uses 


Males 

Females 


Pure white, white and bis- 
cuit, cream. 

Pepper and salt colored or 
similar e(|ual mixtures, 
pure black or black and 

Sable, black, blue, merle, 
marked with varying 
amounts of white and tan 

White, hlatk, gray, with 
white and black markings 

Red, light or dark brindle, 
with white markings 

Red (sable, fawn, or golden), 
brindle, black and tan, 
black and white, blue 
merles 

Any color other than pure 

Pounds 

^ Pmtndt 

Watchdogs; compan- 
ions, sledge dogs 
and herding rein- 
^ deer In Siberia ^ 

Olant Schoaur^r. 

Sbetlanil Sheer- 
dog 

Siberian Hu.sky.. 





formerly cattle driv- 
ing 

Watchdogs; sheep 
herding; oompan- 

Slcd dogs. 



i7n.vin 


Welsh Corgin 
(Cardigan). 

Welsh Corgis 
(Pembroke) 


15-22 

rescue worir at the 
Uo^loeofSt Ber- 

Watchd^j compan- 

('ompanlons 


1^22 




CROUP 4. TEHRIEKh 





YEARBOOK, 1937 

t 3.— Color, toeight, and mast important uses of breeds of dofft recognised by the 
American Kennel Club — Continued 

CKtnri* 4. TKKHIKH^- Connnunl 
Weight 

re«l Frincliml colors — ; 1 Prliidpal uses 

Fcmilps I 

riiuiids PauHih 


Pepiier imil s.»U or siiiulir 
equal iiilitures, light or 
dark. incUulmg re.1 iicp- 
. per, pure black, black ami 
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Table 3— Color, wigfit, and mou imimrumt ukcs of hreodi of dog, rocoffiized hy Oie 
American Kennel Club — Continued 
«;K0UI* toy IMM;s-C..niint«:d 


Terrier or Toy 
Black and Tan 
Terrier 

Toy Poodle 


flesh-colore<l spoU 

Unicolor— any pure color than 9.„.. 

Two-colored— any color, 
with while. Tricolored— 
any two colors with white. 

Red. lawn, black, black and Maximnro 14... 
tan. sable, bridle, white 
and particolor well de- 
flned, black masks and 
spectacles desired. 

Lustrous black with tan, S-10 

rust red or lemon mark- 
Inits, solid yellow, solkl 
red or stag red, solid 

brown or brown with red 
or yellow markings, solid 
blue or blue toned with 
red or yellow markings 

. Black, brown, chocolate. Lightweight, 
re<l, orange, cream, orange not exceed- 
sable, wall .<>able, beaver, Ing 7, heavy- 
blue, white, and itartl- weight, over 

color.s 7 

. Silver or apricot lawn, with 14-18 

dark ma.sk, black 

Jet black with rich mahog- About 7 


4 Prts and compan- 

n e Do. 


weight, over 

. 14-18 Comjianlons 

. About 7 Pets, companions, 


. Under 12 Pets, companions, 

trick dogs 

. 2^f-13 Pets and compan- 


tlROUP 6, NtlNSI*ORTINC IKKJS 


Brindle with white mark- 
ings, black with white 
markings 

Red brindle, other brindles. 
solid white, solid red, 
fawn, or fallow, piebald 

Lightweight, 
under 15, me- 
diumwetght, 
1.5-20, heavy- 
weigfaL 20-25 
50 

Lightweight, 
under 15, me- 
diumweight, 
15-20; heavy- 
weight, 20-25 

40 

black, or blue. 

around color, pure white 
with small black or liver- 
colored spots scattered 
over the entire animal. 

All brindle, fawn, white, 
brindle and white 

Any aSd^ or even color 

35-50 

Lightweight, 
under 22; 
heavyweight, 
23-28. 

About 40 

‘^"nl’S'^rT: 

12-30. 

Up to 18 

Lightweight, 
u n d e r 22, 
heavyweight, 
22-28 

About 40. 

Large, over 20; 
miniature, 
12-20 

Up to 18 





Companions; guards, 
formerly lor dog 
flghllng and bull 
baiting 

Companions, pets 
and guard dogs. 
In China as spr- 
ing dogs 

Companions, sport. 


trick dogs, retriev- 
ing, watchdogs. 

Watchdogs, ratters, 
pets, and compan- 
ions. 


THE BREEDING 
OF TURKEYS 


STANLEY J. MAR5DEN, Associate Poultry Hii»ban*Iiiian, 

CHARLES W. KNOX, Senior Poultry Gcnelicisi, 

Bureau of Animal Iiulusiry 

The chief problems of the turkey industry in its rapid development 
in the past have centered around feeding^ management, and disease 
control. While advances have been made m these fields there is much 
vet to be learned, for new problems continue to arise. Breeding prob- 
lems have received less study up to the present, partly because they 
have been crowded out by these other considerations, and partly 
because the turkey stocks of the United States have in a great measure 
fidfiUed their purpose, which was to produce a superior meat product. 

PRESENT NEEDS IN TURKEY BREEDING 
But this situation will not necessarily hold forever and today both 
breeders and scientists arc beginning to think about turkey-breeding 
problems. From the standpoint of the geneticist and the practical 
breeder, the desirable breeding objectives today might bo summed u]) 
as follows: 

1. The production of smaller size strains of turkeys to meet tlie 

growing demand for a family-size bird. 

2. The improvement of body type to provide a higher proi)ortiou of 

edible meat, especially on legs and breast. 

3. Early maturit}’ in reaching market condition. 

4. Higher egg production. 

5. Higher fertility and hatchability. 

6. Greater viability — that is, a lower mortality rate from various 

causes, including tlisease. 

Constructive breeding methods can and should j)lay an imi)ortnnt 
part in reducing costs by considering these six objectives. 

The breeding achievements of the past have consisted mainly of 
the production of color variations, a substantial increase in body 
weight and egg production, and a reduction in the length of legs 
and neck. 

At present, for reasons that will be discussed later, there is a definite 
trend toward breeding a smaller, more efficient, more rapidly growing 
turkey. The main objective is a live bird weighing apiiroximately 
7 % to 10 poimds as a young hen or 11 to 15 pounds as a young tom, to 
meet the increasing popular demand for a well-matured small turkey. 
It might be thought tnat this demand could be supplied by selling 
turteys at an early age when they average 8 to 15 pounds in weight. 
However, turkeys at this weight are continuing their rapid growth 
and they have too much “framework” and too little flesh. The real 
13S0 



TURKEYS 


1351 


object in breeding is to develop a small turkey that will be as plump 
and well grown as present-day turkeys are at Thanksgiving or C^t- 
mas time. A young tom of the small type is shown in figure 1 . 

The mortality of growing turkeys is a pressing problem and it is 
one that the breeder can materially assist in solving. Turkev breeders, 
especially those that 

trap-nest their stock, ■ r v ‘ 

can decrease these 
losses to a consider- 

able extent by breed- I - ■ 

Ing from large fami- 

lies and from families 

whose progeny have 

had comparatively 

little mortality. 

Egg production is 
an important factor 
determining profit 
or loss turk^-breed- 
Turkey 

eggs are sold for hatch- ' 

ing purposes by the 'irf 

producer for 10 to 50 . 

cents each, depending 'VlllliM 

on loc^ty and breed- l. — yuung smalUtype turkey loin, the second- 

ing. Wence any in- generation product of a Bronze-White Holland cross. At 
crease in egg produc- £4 wed^s of age this bird weighed 13.5 pounds, bad a 
tion ^ will help profits broad well-meated breast, and graded U. S. Prime. His 
considerably because keel measured 6.2 inches long and his shank 7.1 inches, 
it results in lowering 

the overhead and feed costs of producing hatching eggs. In addition, 
turkeys are seasonal producers of eggs. They lay at a fair rate in the 
Northern and Central States from about the latter part of March to 


NOTABLE progress, based on scientific research, has been made in 
contraUing AcU major menace to turkey growing, the blackhead 
disease. Less attention has been paid to breeding problems. Today 
the turkey industry would gain by a breeding program based on 
production records, pedigrees, and progeny testing, like that tchUk 
has mearu so mudi to progressive breeders of chickens. There is a 
great need for turkey breeders willing to initiate trap-nesting and 
pedigreeing, and possessed of the knowledge necessary to isolate 
superior families and breed from them. State and Federal stations 
migfU well lead the way by developing strains notable for certain 
characterisdcs of major importance. 
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about the first of July. The use of electric lights has helped in getting 
birds to start laying in January, so that the laying season is extended to 
approximately 6 months. However, egg production in commercial 
quantities is still confined to about 6 months of the year, and this means 
that fresh-kiUed roasting turkeys must also be a seasonal product unless 
turkeys can be bred to lay throughout the year. This situation is 
partially remedied by cold storage, which makes a limited sujiply of 
frozen turkeys available at times when there is no fresli stock and 



Figure 2. — Trap-nesting — the first step in the pedigree breeding «>£ turkey 

permits a large turkey crop to be marketed in the fall in an orderly 
manner without a serious price depression. 

The greatest drawback to breeding for high egg production and the 
other desirable characteristics is the lack of a program based on produc- 
tion records, pedigrees, and progeny testing. Such a program has 
meant much to progressive breeders of chickens. Here the State and 
Federal experiment stations can lead the w^ay by developing strains of 
high-producing turkeys with good viability, quick maturity, and good 
market quality. The greatest need of the industry today is mr a 
number of breeders who are informed concerning the practices in- 
volved in selection and breeding and who arc willing to initiate trap- 
nesti^ and pedigreeing and, on the basis of the information so 
obtained, to isolate ^ superior families and breed from them. This 
is an essential step in the production of a superior strain. Two of 
the steps involvecf in the pedigree breeding of turkeys are shown in 
figures 2 and 3. 
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THE STATUS OF TURKEY GROWING 
AS AN INDUSTRY 

Tuukey raising has been increasing since about 1920 in the United 
States and now ranks as a 50,000, 000-dollar industry. The interest in 
turkey raising has increased rapidly since that time. It was stimu- 
lated by a better knowledge of feeding and more effective control of 
the disease known as blackhead. The annual loss due to blackhead 
still amounts to ap- 
proximately $5,000,- 
000 a year, or 10 per- 
cent of the total 
gross income. In the 

g ast, often entire 
ocks of young turkeys 
were lost from tlus 
disease. 

On January 1, 1920, 
the census showed 
3,627,028 turkeys on 
670,834 farms held as 
breeders after the 
marketing season. 

On January 1, 1935, 
the number had in- 
creased to 5,381,912 , 1 I 1 - , . 

on 676 114 far ms 3.— The final Mep in the jiechgreeiiig of turkey 

Xch U 9 9 pereeXi ‘I" "i'V - "» 

all tho tarins in the 

United States. The leading States according to the number of 
turkeys kept were Texas, Cdifomia, Minnesota, North Dakota, and 
Oklahoma. 

Tho 1930 census was the first to record the number of turkej’s 
raised rather than the number on farms on January 1. According to 
this census, there were 10,794,485 turkeys raised in the United States, 
most of them as a side line to other farm enterprises. The distribution 
and number of turkeys raised on farms in 1929 is indicated in figure 4. 
The number of turkeys raised in 1936 has been estimated by the Bureau 
of Agricultural Economics to exceed 20,000,000 — an increase of at least 
20 percent over the 1930 figures. There was little increase, however, 
in the number of farms keeping turkeys. In some localities, turkey 
raising has reached such proportions as to be a major full-time enter- 
prise, and a great many commercial flocks are large enough to demand 
the time of one or more persons throughout the year. The lai^est 
turkey farm was reported to have produced approximately 50,000 
turkeys in 1 year. 



New Opportunities Through the Control of Blackhead 
From a production standpoint, the opportunities in commercial 
turkey raising are more promising now than formerly, largely because 
of improved methods of management that aid in the control of black- 
head and other filth-borne diseases. 

138904*— 37 80 
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Beginning late in the nineteenth century, blackhead invaded one 
district after another, traveling from east to west with the extension 
of the turkey industry, imtil nearly all of the turkey-growing areas 
became mfested with it. It was this disease that ruined turkey 
growing in the East and Midwest and by 1920 threatened to ruin it 
everywhere. In the early eighties production per year amounted to 



Figure 4 . — Number of turkeys raised, by States, in 1929. 

one bird for the average American family of about 6 persons, but by 
1920 this had been reduced to approximately one bird for 15 persons. 
Since that time more adequate methods of controlling blackhead have 
been largely responsible for the increase to approximately one turkey 
for 6.5 persons. The new knowledge of samtation and management 
as it anects the control of blackhe^ has meant a gradual return of 
turkey production to the East and Midwest and its firm establish- 
ment on a more profitable basis in all sections of the country except 
the Southeastern States. 

MODERN TURKEYS AND THEIR 
WILD ANCESTORS 

Tubkets are now classified by zoologists as a separate family, Melea- 
grididae, of the order Galliformcs, or fowllike birds. In this fanuly 
there are two genera now livii^ — Agriocharis, the ocellated turkey of 
Yucatan (fig. 5), and Meleagris, the North American or common 
turkey. These genera contain only one species each. 

The ocellated or Yucatan turkey (Agnocharia ocellaia) is confined 
to the Yucatan Peninsula of Mexico and the adjoining territory, 
where it dwells in the tropical forests. Its flesh is considered a delicacy. 
It is smaller than the common turkey, lacks the breast tuft, is brighter 
colored, has two fleshy appendages on the head instead of one, and has 
eyed or ocellated tail feathers, from which it takes its name. So far as 
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is known, it has never been domesticated although natural crossing 
With the common turkey has been reported. In striking beauty tbe 
plumage of the oceUated turkey rivals that of the peacock. The 
plumage pattern is similor to that of the Bronze turkey although the 
colors are different. 

The general effect is 
green and black with 
a copp^ red irides- 
cence. Tne large wing 
feathers of the male are 
distinctly barred, al- 
most exactly as in the 
Bronze, while those of 
the female are indis- 
tinctly barred. The 
head and neck of the 
oceUated turkey are 
described as blue, 
studded with orange 
warts. The eggs are 
brown and spotted 
like those of Mdeagris 
but smaUor. 

Five subspecies 
(races or varieties) of . . , . . . 

North American wUd 5.-The ocellated turkey {Agrtocharis ocellata) 

turkeys have been de- 

scribed. They interbreed freely with each other and with domesti- 
cated turkeys. Table 1 contains a brief description of these subspecies. 



Table 1 . — Brief descri/Uion of IMorth American uild turkeys 



on(/opar_o 
Hrott, the lie 



M. galloparo irUrrmfiln 



M galloparo mirrinml 
NeUon, Morriaiu’!) 
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The North American vrild turkey (Meleagris gaUopavo, fig. 6) 
formerly ranged over all of Mexico exc^t the extreme southern and 
western parts; over southern Ontario, Canada; and over the United 
States south and east of a line extending from south to north through 
western Arizona, northeast diagonally across Colorado and Nebraska 
to include a small portion of southeastern South Dakota, east across 



Figure 6 . — A flock of ^ild turkeys at tlie National Agricultural Research Center. 

Crosses are being made of the wild on the doiueslie varieties. 

northern Iowa, southern Wbconsin, southern Michigan, northern New 
York, northern Vermont, northern New lloinpshure, and southern 
Maine. 

Wild ttirkeys, principally the eastern turkey, are now bred to some 
extent on game farms, both public and private. 

Varieties of Domesticated American Turkeys 

The turkey, the Muscovy duck, and the Canada (gray) goose 
constitute the contribution of the Western Hemisphere to the list of 
species of poultiy. At the time North America was discovered, the 
wild turkey was found in large numbers and, in some instances, had 
been domesticated by the natives. From the meager historical data 
available it appears that turkeys were first taken to Spain in 1498. 
The sources of these and later importations to Europe were turkeys 
domesticated by the natives of Mexico and Central America. All 
these turkeys apparently belonged to the Mexican subspecies of the 
North American turkey. From Spain turkeys were taken to other 
European countries, being introduced into England between 1524 
and 1541. Several European varieties were developed, notably the 
Cambridgeshire Bronze and the Norfolk Block, from Europe and 
North America, turkeys were exported to all ports of the civilized 
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world. They are now raised in Europe, North America, South 
America, South Africa, Australia, the Pliilippines, and Hawaii. 

After the United States was settled, it appears that the first domes- 
ticated turkeys to be raised came not from the native wild stock, but 
from the domesticated turkeys of Europe. These birds were probably 
all of the Bronze color pattern, although some Blacks may liave been 
included. For a con- 
siderable time no seri- 


ous attempts were 
made to domesticate 
the native wild tur- 
keys, but finally early 
in the nineteenth cen- 
tury turkey breeders 
began to cross the 
domesticated stock 
with the wild. 

About 1830-40, in 
the Narragansett I3uy 
district of R h o'd e 
Island there was de- 
veloped a local variety 
which was the fore- 
runner of the modern 
Narragansett (fig. 7) 
and Bronze (fig. 8) 
varieties. About 1800 



the first superior strain i ■ ... 

of Bronye tiirknv« hffnv 7.—A ^anaganaeit hen sboniiig typical mark- 
• . « 111^9* Wild, Bronze, and ocellated turkeys have ike 

came into prominence same general pattern although the colors are iliflerent. 
and this variety was 

described in the first (1871) American Standard of Perfection. 

The development of the Narrajjansett and White Holland varieties 
appears to have paralleled approximately that of the Bronze. A color 
standard for the Narragansett was published in 1874, along with stand- 
ard descriptions for the Slate, Black, and Buft' varieties. The last- 
named variety never became popular and was dropped from the 
standard in 1915. 


The White Holland was admitted to the standard in 1878 and the 


Bourbon Ited about 1909. Authentic information concerning the 
origin of the Slate and Buff varieties appears to be lacking. The 
White Holland variety originated as far as is known in North America, 
not in the Netherlands, and was developed from white mutations 
appearing in Bronze flocks. The Black turkey is an old variety that 
appears to have been developed in Europe, although some strains 
may have been developed independently in North America.^ The 
Bourbon Red had its origin in Bourbon County, Ky., and is the 
newest of tlie standard varieties. 

According to the American Standard of Perfection all standard- 
bred turkeys are now classified as one breed, which is subdivided into 
varieties. The standard varieties all have the same shape and, except 
for the Bronze, which is a little heavier than the others, they are aU 
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the same size. They are differentiated only by plumage color, and 
one variety is as good as another for commercial turkey production. 
However, there is considerable variation within each variety, so that 
the selection of a good strain is more important, from the standpoint 
of economical production, than tlie selection of a variety. Si.x stand- 



Figure 8 . — A farm breeding unit of lirottze turkeys. 

ard varieties of domesticated turkeys are now bred in the United 
States. The data in tables 2 and 3 show some of the characteristics 
of these varieties. 

Tablb 2 . — Standard wei^aa of the six standard mrietiea of American turkeys* 


Variety 

Adult tom 

Yearling 

tom 

Young tom 

Yearling 
and adult I 
hen 1 

I 

Young hen 


Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Bronte 

WUCe UoUand, Narragansett, Bourbon 

38 

33 

25 


18 

Re»l, Black, and Slate 

3.3 

30 

23 

18 

14 


> The weight!) shown are for young turkeys 8 to 12 months of age, for yearlings 12 to 24 months of age, 
and for adults 24 months of age or older. Actually, very few flocks of turkeys attain standard weights. 

Tablb 3.— Color of the six standard varieties of American turkeys 


Variety 

Plumage color 

Shank color 


n 1 «,) , A 11 w n, » »h ^ 

Blackish In young birds, 

pinkish in adults 

Blackish salmon in 
young birds, deep sal- 
mon m adults 

Pinkish white. 

Reddish brown in young 
birds; reddish pink In 
adults. 


of the feathers are glassed with rich iridescent red 
green on the fore part of the body and with a brilliant 
copper-colored broniing edged with black on the 
rear half On the tail, tail coverts, and sides there is, 
in addition, a terminal edging of white, which also 
appears on the breast feathers of the female Main 
taU feathers and tail coverts are distinctly penciled, 
medium brown and black 

The plumage pattern reeembiee that of the Bronie, 
but there is no red-green sheen and no bronalng 
The Narragansett colore are metallic black with 
light steel-gray edging bordered In certain sections 
by a narrow black band on the ends of the featben, 
main tail feathers and tail coverts distinctly lien- 
died, light brown and black. 

White in all sections 

White Holland 

Bourbon Bed 

Dark brownish red with white wings. The breast 
feathers have narrow black tine wblch,ln the females, 
are bordered with white. The tall is white with an 
indistinct reddish bar near the end 

ninclr in all Sfctinn* 



birds; pink to ad^s. ^ 
Pink 
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Past Work in Breeding 

Even when raised in captivity and given every opportunity to make 
maximum growth j wild turkevs are smaller than their domesticated 
relatives. According to reliable observations, young North American 
wild turkey toms, when in good condition, in December and January 
average approximately 12 pounds in live weight and the young hens 
about 8 pounds. The adult wild males usuaUy weigh from 19 to 22 
pounds and in rare instances attain a weight of 33 pounds when fat. 
When grown in captivity under favorable conditions, the live weights 
of wild turkeys are somewhat greater than those mentioned. How- 
ever^ there is a decided contrast between the weights commonly 
attamed by strains of Bronze turkeys and the much smaller weights 
attained by wild turkeys even when they are raised under similar 
conditions. Egg production in the better strains of modem turkeys 
has been increased substantially over that of the wild turkey. Prog- 
ress in breedi^ for plumage color is evident by the variety of colors 
and patterns in the domestic birds. Some improvement in type has 
also been effected. The wild turkey has a ratlier shallow body, a long 
neck, a slender head, and long legs. The breeders of domesticate 
turkeys have developed a larger bird with a deeper body, shorter legs 
and neck, and heavier fleshing except over the breast, where the wild 
turkey is probably the equal of the domesticated bird. 

Improvements made have been few and slow and thus the good 

a ualities of the original stock have not been sacrificed. For example, 
le eggs laid by domesticated turkeys are as fertile and hatch fully as 
well as those laid by wild turkeys, and modem strains of turkeys are 
as resistant to disease as the wild type. Rate of maturity to market 
condition has been little influenced by domestication. 

Comparatively little inbreeding or cross-breeding has been practiced 
in turkey breeding, except by a very few breeders who have developed 
distinctive strains or new varieties. 

Private breeders have been responsible for the development of the 
modem turkey in all its beauty and usefulness. However, there b no 
accurate, detailed history of breed development and there has never 
been a pedigree-recording system for turkeys similar to the herdbook 
used with other animals. Such evidence ns there is has been summed 
up in the preceding paragraphs. 

Today the Bronze variety predombiates to an overwhelming extent. 
Narragansetts, White Hollands, and Bourbon Reds are fairly common 
and appear to be gaining in popularity. The Black variety is less 
common although it too is probably gaining in favor. The Slate 
turkey may be classified as rare and the \vild turkey as rare except on 
game farms. 

MARKET TRENDS AND THEIR RELATION TO BREEDING 

So FAR turkeys have been produceil almost exclusively for roasting 
purposes and marketed between 6 and 8 months of age. Turkey 
orouers or fryers have not been produced in significant numbera and 
there is little reason to believe that they will ever be a factor in the 
turkey industiy since smaller types of poultry fulfill tlus need. Tu^ 
key capons have been successfully produced but have not met with 
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special favor on the markets. Until they do, the extra cost of pro- 
duction will not be justified. Turkey e^^, although palatable and 
suitable for cooking, do not possess the delicacy of flavor and fineness 
of texture characteristic of chicken ^s. The profitable production 



Fiffire 9 . — Jllustrating body type in dressed turkeys. A, Two young Black toms. 
No. 2798, on the left, when killed at the age of 32 weeks, weighed 22.6 pounds 
(dressed), had a narrow poorly mealed breast, a keel measuring 8.2 inches long 
and a shank 8.1 inches long and produced 3.9 pounds of breast meat. No. 2793, 
on its right weighed 22.3 pounds, had a broad welNroeated breast, a keel bone 
measuring 7.5 inches in length, and a shank 8.3 inches long, and produced 4.1 
pounds of breast meat. It is desirable to have a broad well-fleshed hreast. The 
keel should be as long as the shank or longer. (Length of shank is distance be- 
tween rear of hock joint and the ball of the foot.) B, Side view, no. 2798 on left, 
no. 2793 on right. 

of market eggs from turkeys seems highly improbable even as a side- 
line enteipnse for the turkey grower. 

Accordmg to various observers, most but not all larger eating 
establishments and individuals buying for large dinner groups prefer 
turkeys weighing more than 15 pounds (dressed) while most of the 
smaller places and American housewives in general prefer dressed 
birds weighing less than 15 pounds. This preference for small turkeys 
by what is now the majority of consumers has increased the demand 
for hens and small toms. 

Accurate estimates of the average weights at which turkeys are 
marketed throughout the country are not available, but the average 



TURKEYS 


1361 


for young hens probably ranges, in different producing areas, between 
9 to 12}i pounds live weight and 8 to 11^ pounds dressed weight 
(blood and feathers removed). The average for young toms probably 
ranges between 15 to 21)4 pounds live weight and I 3 K 2 to 19);; pounds 
dressed weight. In some producing areas where large stock and good 
feeding metnods are used, the average body weight will be larger than 
in other sections. A few years ago the average body weight of turkeys 
was smaller than at the present time, but the advent of commercial 
turkey raising with better feeding methods and stock bred for large 
size has increased the average weights. Standardbred young Bronze 
tom turkeys raised on full feed will average 18 to 19^ pounds dressed, 
and young hens 10)i to 11)4 pounds, when marketed at the age of 26 
to 28 weeks. Birds from strains of extra large turkeys may exceed 
these weights by 25 percent or more. Figure 9 A and B illustrates 
body types in dres.se<l turkeys. 

The present demand for smaller turkeys appears to be based on 
sound economics — the fitting of the <lrcssed turkey unit to the needs 
of two great groups of constimers, the small-scale vendor of cooked 
turkey meat and the average family. For large family groups and 
for hotels ami restaurants, the laige turkey is in demand, as large 
toms dress out better than small toms and arc fullv as ])alatable. At 
the present time, the market receipts of large turkeys are slightly in 
excess of the demand, residting in a price differential of )4 to 4 cents 
per pound in favor of hen turkeys and small toms. Unless the de- 
mand changes, which appears unlikely, future breeding operations in 
turkey prodiiction should be in the direction of smaller turkeys. 

IIESKARCH IN TURKEY BREEDING 
Thehe has been little breeding research with turkeys. One draw- 
back has been the lack of aiifficient funds for this purpose; a lack of 
adequately traineil personnel with the pro[)er hiterest in this aspect 
of poultry prodiiction ; and third, the susceptibility of turkeys to black- 
head — but this last drawback is being rapully overcome. 

A brief description of the results of scientific investigations to date 
follows and a Ust of references is included at the end of this article. 

Work of State Expeki.mext Stations 

Except for matings to replenish flocks, turkey-breeding work has 
not been carrietl on extensively by the State experiment stations, 
though a few have initiatetl projects in the past or have some work 
under way at the present time. 

Studies on the inheritance of plumage color have been limited and 
only a few individuals were used in the experiments from wliich con- 
clusions were drawn. Some of tlie more important findings mav be 
summed up as follows: (1) Black plumage color is imperfecUv dom- 
inant to the bronze plumage pattern and imi)erfectly epistatic ‘ 
to the Narragansett plumage patterns and red plumage color. (2) 
Red plumage color and Narragansett plumage pattern are epistatic 
to the bronze plumage pattern. (3) The factor for slate plumage 
color is a dominant dilution factor affecting the bronze and black 

■Chancteritad by the dominant action of a mne over another xene situated on a different chromosome or 
at a different place on the same chromosome 
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plumage patterns to produce slate-colored turke^T’s, or red plumage to 
produce slate-red turkeys. (4) The factor providmg for the presence of 
^mage color is dominant to the absence of pimnentation of plumage. 
When allowed to express itself, the recessive factor produces a white 
bird that has brown eyes because this particular factor affects plumage 
color only and does not affect eye color. All white birds, therefore, 
carry the plumage pattern or color for bronze, Narragansett, black, 
or red but do not show any of these patterns or colors unless they are 
crossed with colored turkeys. However, when mated together, these 
white turkeys always produce white offspring. (6) Buff-colored 
turkeys may be produced by first crossing olack turkeys with red 
ones. The resulting rusty black offspring are then crowed back to 
the red turkeys, which results in progeny having four types of plumage 
color — rusty black. Bourbon Red, bronze red, and buff. (6) The 
factor for Narragansett plumi^e color pattern is recessive and sex- 
linked. Males showing the Narragansett plumage pattern are pro- 
duced only from matmgs of Narragansetts, but females showing 
Narragansett color and males showing bronze color may be produced 
from a mating of Narragansett mmes and bronze females. The 
reciprocal of the mating produces all bronze-colored progeny. 

Work of the Federal Government 

In the field of plant and animal genetics, there has been a good deal 
of e^erimental work in making wide crosses such as crosses between 
species. Certain of these results have been worth wliile. This is 
more true of plants than of animals, although the mule is an outstand- 
ing example of a useful wide cross in the animal kingdom. In most 
cases, however, the hybrid proves to be without economic value, 
although this means of obtaining a cross of unusual value cannot be 
overlooked. 

An attempt was made by Quinn, Burrows, and Byerly at the 
National Agricultural Research Center, Beltsville, Md., to effect an 
inteigeneric cross between the turkey and the cliicken by the use of 
an artificial insemination technique developed at the center. Semen 
of turkey males was used to fertilize Rhode Island Red females and 
semen from purebred and cross-bred chicken males was used to 
fertilize turkey females. About 20 percent of the eggs laid by the 
turkey females were fertile, but all except one died in the early stages 
of embryonic development. In the reciprocal cross only a few of the 
eggs were fertile and all of these died within a 3-day period of incu- 
bation. 

Although 25 percent of the fertile ^gs died as embiyos during the 
first day of incubation, one hybrid embryo, from the chicken male X 
turkey female cross, fived until it was fully developed and apparently 
ready to hatch. This hybrid embryo was found dead in the shell on 
the twenty-eighth day of incubation, death having occurred some 
time between the twenty-third and twenty -eighth days. No daily 
observations were made after the twenty-third day, so that the exact 
time of death, and the age of the emb^o when death occurre<^ were 
unknown. The hybrid was obtained from an agg laid by a Bronze 
turkey hen on July 3, 20 days after the last fertile turkey egg had 
been obtained and 66 days after the removal of the turkey male. 
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The turkey-chicken hybrid was intermediate in conformation 
between the chicken and the turkey. The hybrid was also lighter in 
down color than the turkey, having a reddish cast in both head and 
body. It had yellow shanks whereas the shanks of the turkey parent 
were quite dusky. The hybrid had a distinct comb and no evidence 
of the characteristic fleshy protuberance of the turkey. It also 
showed a polydactylism in which the fourth toe of the left foot was 
triplicated, a malformation sometimes found in wide crosses. In 
various external characteristics such as head type and shape, down 
color and shank color, the turkey-chicken hybrid may be said to have 
shown the characteristics of the chicken rather than the turkey. 

The latest development^ in poultry breeding for the creation of 
superior strains is the building up of inbred strains in order to produce 
succe^ful hybrids by subsequent cr(»sing. It Ls much more difficult 
to build up mbred lines of chickens or turkeys than of many plants, 
since fewer individuals can be used and self-fertilization cannot be 
practiced. 

Although he cannot catalog the characteristics of the turkey, and 
their mode of inheritance, the scientific breeder might accimiulate and 
purify certain good characteristics by the process of inbreeding, which 
axes various good and bad traits of the parents in the different lines 
of inbred progeny. Sires^ that show an accumulation of bad traits 
might be discarded. A lino that showed an accumulation of good 
traits might be crossed with another good line, with the object of 
producing superior hybrid individuals. 

Because inbreeding might play an important role m the improve- 
ment of turkeys in some such way as this, an experimental turkey- 
breeding project was begun in 1931 by the Bureau of Animal Industry 
at its range livestock experiment station. Miles City, Mont. This 
project was terminated in 1935 and the results of approximately 5 
years’ work were summarized. One purpose of the project was to 
measuro the effect of inbreeding on the fertility and hatchability of 
eggs, tho egg weight, and the egg production of Bronze turkeys. In 
order to make an adecjuate comparison of the effects of inbreeding, a 
series of outbred matuigs were maintained. These outbred matings 
were made between unrelated or distantly related individuals, and 
each year the progeny was systematically outbred wth the idea of 
maintaining a line indefinitely without resortbig to close inbreeding 
or the introduction of new stock. This plan of outbreeding included 
seven matings and constituted a separate experiment that will be dis- 
cussed later. 


Table 4 . — Summary of the eg/t fertility and hatchoMlity and of egg production and egg 
Height for 773 inbred and onthml Jironze turkeys 
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The data in table 4 show tlie results obtained from unrelated turkey 
matings and from matings of different degrees of relationship on 
fertility, hatcbability of eggs, egg weight, and egg production. 

Some general conclusions from tliis work are as follows: 

(1) Mild and close inbreeding had little effect on fertility, egg 
production, and e^ weight when compared to outbreeding. 

(2) Mild and close inbreeding had an adverse effect on the haiCh- 
abUity of turkey eggs. The inbred lines averaged approximately 62 
percent hatchabdity whereas the outbred lines averaged 67.6 percent. 

(3) Intensive inbreeding adversely affected fertility and hatch- 
abdity of eggs but had shght effect on production and average egg 
we^ht. 

These conclusions are taken from the final averages. However, 
there was considerable variation in the results obtained from various 
matings within each of the four groups. For instance, some of the mdd 
and close inbred turkeys gave better results in regard to the four factors 
considered than the outbred turkeys that were used as controls. In 
other words, it appears that it might be possible with careful selection 
and mating to obtain Imes of inbred turkeys that would be as good 
as the outbred turkeys in these respects. 

Matings were made between unrelated or distantly related indi- 
viduals each year and systematically outbred with the idea of estab- 
lishing a line of outbred' turkeys without resorting to close inbreeding 
or introduction of new stock. The method used was briefly ns follows: 

The start was made with stock purchased from seven different 
breeders. Seven breeding pens were mated in such a way that the 
males and femtdes in no tw'o pens were from the same source. The 
progeny were individually wing-banded, which made it possible to 
identify the progeny of each mating at any time. The best young 
hens and the nest young tom turkeys were selecteil in each generation 
in each pen. The selected young hens from each pen remained to- 
gether as a breeding unit each year and were placed in the pen pre- 
viously occupied by their parents, but the selecteil young tom was 
placed in the next pen. For example, the selected young hens from 
the mating in pen 1 were placed in pen 1 the next year. The best 
young tom available from this mating, however, was placed in pen 2. 
The young tom turkey from pen 2 was placed in pen 3, and so on, 
the young tom from pen 6 being placed in pen 7, and that from pen 7 
being placed in pen 1 . This revolving process was followed each year. 

The plan proved^ to be satisfactory, simple, easily workable, and 
effective in maintaining the average egg weight ami improving the 
fertility and hatcbability of eggs and egg production. The data in 
table 5 show the results obtained in the operation of this plan for 5 
years. It is regrettable that it was necessary to sell the progeny of 
the 1935 matings before records of egg production and egg weight 
could be obtained. 

Practical breeding operations are well served by basic research, 
especially in a field so new as turkey breeding. The mode of inherit- 
ance of characters, the physiology of reproduction, and the study of 
mating systems all have a direct application to practical problems. 
Through these findings, unwise practices may be brought to light and 
discarded and more efficient methods developed. 
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TaBT.E 5 . — Summary of the egg fertility^ and hatchahUity and of egg prmluHwn and egg 
weigfU for 3W %ystematirally nudired turkeys 
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Sta/e lyarter Lccathm 

California L. W. Taylor,* V. S. Asmundson Davis. 

Indiana C. W. Garrick,* E. E. Schnctzler LaFayette. 

Iowa H. L. Wilcke • Ames. 

W. R. B. Robertson Iowa City. 

Kansas... L. F. Payne,* H. M. Scott, D. C. Manhattan. 

Warren. 

Kentucky J. H. Martin,* W. M. Iiisko, Jr Lexington. 

Michigan C. G. Card,* F. N. Barrett East Lansing. 

Nebraska F. E. Mussehl,* H. E. Alder Lincoln. 

New Mexico L. N. Berry * State College. 

North Dakota F. E. Moore,* O. A. Barton Fargo. 

Oklahoma R. B. Thompson,* Robert Pennuite, Btillwatcr. 

0. E. Goff. 

Pennsylvania H. C. Knandel,* D. R. Marble, P. H. State College. 
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Utah - Byron Alder* Logan. 

Wisconsin — J. G. Halpin,* G. E. Annin Madison. 

Wyoming F. S. Hultz,* M. O. North Laramie. 

U. 8. Department Berley Winton,* 8. J. Marsden, Washington, D. C. 
of Agriculture, C, W. Knox, J. P. Quinn, W. H. 

Bureau of Ani- Burrows, 
mal Industry. 


> H«ad of department or Motion 



DUCK BREEDING 


A. R. LEE, AsaociBte Poultry Hu*- 
bandman. Animal Huabandry Divi- 
sion, Bureau of Animal Industry 


Relatively little information is available on the breeding of ducks 
and practically no genetic investigations have been made on the im- 
provement of the breeds. Because of the lack of records, no survey of 
duck breeding has been made, nor has the Department of Agriculture 
used ducks in its breeding investigations. The same is true of practi- 
cally aU the State experiment stations. On the other hand, although 
Federal research in poultry breeding has not dealt specifically with 
ducks, it has dealt with fundamentals in genetics, and principles of 
management have been worked out that are applicable to all poultry, 
including ducks. The size and extent of the duck industry in tins 
country seem to warrant careful study of this important aspect of 
poultry breeding. 

Duck raising is conducted os a side lino in nearly all sections of the 
United States, where ducks are keiit in small flocks on general forms. 
These farm flocks are kept primarily for meat production and while 
the birds have been selected for size and market type, vejy little at- 
tention has been given to careful pedigree breeding, dommercial 
duck raising has been extensively developed as a highly specialized 
industry on Ix)ng Island, N. Y. (fig. 1) and to some extent on a few 
commercial duck farms in several other sections of the country. 
Relatively little has been published on the methods used in the selec- 
tion and breeding of ducks on these commercial duck farms. 

Few ducks have been bred for high egg production in this country 
because of the lack of demand for duck eggs as food. Relatively few 
ducks of the breeds especially adapted for egg production have been 
kept hero and few ducks with high egg records have been produced. 
That ducks can be bred for very high production has been demon- 
strated in many egg-laying contests in other countries, in which the 
duck records have equaled or exceeiled the best records made by chick- 
ens either here or abroad. 


PRODUCTION OF GREEN DUCKS 
Although most flocks of ducks are small, about 12 million ducks are 
raised each year in the United States. They arc raised in every State, 
the greatest total form production occurring in the North Central 
States. Large commercial duck farms in New York place that State 
first in total number of ducks raised, Long Island alone producing 
nearly a million annually. These market ducks from the lai^e com- 
mercial flocks are called green ducks. They are hatched in the 
winter and early in the spring, forced for rapid growth, and marketed 
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at 9 to 13 weeks of age when they attain a weight of to 6 pounds 
each. Ducks produced on general farms are not forced for rapid 
growth; they are hatched in the spring and marketed in the fall and 
winter when they are 5 to 7 months old. These ducks from farm 
flocks, although twice as old when they ore marketed, are little if 
any larger than the green ducks. 

The number of duclb raised in this country is about three times the 
number of geese but less than two-thirds the number of turkeys. 



Figure 1 . — The Pekin duck is the only breed used for commercial duck farming. A 
large number of duck farms have been developed along the inlets of Long Island. 


Duck production is similar to turkey production in that both ducks and 
turkeys are raised primarily for market as young birds, and relatively 
few breeders or mature bu-ds are kept. While chicken and turkey 
production have shown a marked increase during the last 25 years, 
duck production is barely holding its own. Ducks are primarily in 
demand in the large cities, especituly among^ persons of foreign extrac- 
tion. The number of ducks kept in proportion to the total population 
is much lower in the United States than in most other countries, where 
there is a better demand for duck meat and for duck eggs. 

ORIGIN AND HISTORY OF DOMESTIC DUCKS 
All domesticated ducks, with the exception of the Muscovy, are 
descended from the wild mallard (fig. 2). While actual references to 
ducks go back to only a few years previous to the Christian era, it is 
reasonable to suppose that wild mallards were domesticated at a much 
earlier period than this. Common domestic ducks of Europe, among 
which mere was a variety of colors, were brought to the Umtcd States 
by the ei^y settlers. 

There are three classes of ducks — the meat class, the egg class, and 
the (umamental class. Only a few representative breeds of each class 
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will be (liscvissod in this artirle. In the meat class, the Rouen, Ayles- 
bury, iVkin, Cayuga, ainl Muscovy arc among the well-known breeds. 

The Rouen, which has the same color markings as the wild mallard, 
shows the effect of domestication by its greatly infireased size and 
superior lleshing oualitics. This breed originated near Rouen, 
Rraneci, whence it derives its name, but it was greatly improved in 
Kngland, where it was bred for very large .size, the inales weighing 
9 1() 1 1 ixmnds alive and the females S to 10 pounds. It was brought 



I'lUmc J. - WiUi .ii.illar.1, .Irake ( /) anil ilii. k (11/ ll.e anri‘il..rs of all bill one of 
our lioineHlii brcnls of dork-’. 

into the Ihiited States about 1850 and became ipiite popular but is 
now kept in this country primarily by fanciers. 

The Aylesbury is a white duck that originated in England early 
in the nineteenth century. It is a large duck with a massive boily, 
that is carried nearly horizontal. The Aylesbury duck was first 
brought into this country about 1S49 and was used on the first duck 
fanns, but was eventually replaced by the Pekin. Duck breeders in 
this country consider it less hardy than the Pekin. 

The Pekin duck (lig. 3) originated in China and little is known of 
its history in that country. It is a white duck of medium size, more 
ujistanding in type than the Aylesbury, an e.xcellent market bird and 
noted for its vigor and hardiness. The breetl was brought into the 
United States from China in 1873. It rajndly becaine popular and 
soon replaced all other breeds for commercial duck raising. Crosses 
were made of the Pekin with Aylesbury and other breeds, but the 
pure Pekin was found to be much better adapted for commercial 
duck farming and has since maintained this position as the. best and 
only commercial market duck. The fwst small importations of Pekins, 
from w'hich most of the present commercial Hocks are descended, 
were very good market ducks, not greatly different in appearance, 
size, or other economic cliaracters from those of today. 

The Cayuga duck (fig. 4, D) is of interest because it was produced 
in Cayuga County, N, Y., and al.so be<-ause it is solid black in color. 
It w'as developed about 1850 and was just becoming well known 
when the l^ekin, w'hich was better adapted for the market, came along 
and replaced it. 

-iZ-- ST 
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The Muscovy, or Brazilian, duck is a native of Brazil and is con- 
sidered a different species from the wild mallard and from the other 
domestic ducks. The period of incubation for Muscovy eggs is 33 
to 35 days, compared with 28 days for eggs of other domestic breeds 
of ducks. The breed was introtliiccd into the United States between 
1840 and 1850. The Muscovy drake is about one-third larger than 

the duck, while in all 
the other market 
breeds the male and 
the female are practi- 
cally equal in size. 

The egg-laying class, 
of which the Indian 
Runner (fig. 4, E) is 
the outstanding breed 
in this country, was 
brought into United 
States only about 40 
years ago. It is an 
upright Penguin type 
of duck noted for great 
prolificacy. It was 
named Indian Runner 
because of its supposed 
introduction from East 
India, but the evidence 
appears to show that it 
was a selected duck of 
Fiffire 3 . — Most of the coinmerrial flocks of duckn in a type Common in Bol- 
thia country came from too small imporlaliuna of Pekin giuill and the Nether- 
duck!. brought from China in 1873. lands. Because of its 

small size it is not so 

well adapted as the Pekin for meat proiluction. The Khaki-C^imp- 
bell duck is a popular breed of this class in foreign countries. 

In the ornamental class there are ducks of all sizes, types, and colors, 
which indicates that great variation has been brought about through 
selection and breeding. The Call (Fig. 4, A and Ji) and the Black 
East India are bred for extremely small size, the Wliite and Gray 
Culls being miniatures of the Pekin and Rouen, respectively, while 
the East India is a small-sized Cayuga. The Mandarin and the Wood 
ducks are the most ornamental of the small breeds of waterfowl. 
Their plumage contains many brilliant colors and is handsomely 
marked. In the ornamental class there are also la^er ducks, such 
as the Crested Wliite (Fig. 4, C), wliich is distinguished by a well- 
developed crest on the top of its head. Figure 4 shows a few of the 
variations that occur in the breeds of ducks. 

Improvement by Breeding 

Improvement of ducks of the meat class in this country has been 
largely confined to the selection of a few individuals notable for size, 
type, and rapid growth out of the large number raised for market 
each year. On commercial duck farms 40 or more young ducks are 
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marketed annually from each female breeder. Selection of a few 
of the outstanding birds from a large (lock does not give an accurate 
measure of the breeding value of the Hock, but this selection, starting 
from high-qtiality stock, has residted in the protluction of very uniform 
Hocks of Pekin ducks. These ducks are noted for their rapid growth 
and for nnifonuity in size and type. Pekin ducks ha^'e not been bred 
or selected for high yearly egg production but they lay very steadily 
tluring the months wlien eggs are desired for hatching. 

Principles oe Hkeeiiing 

An article by dull in the 1930 Yearbook of .Vgriculture ' contains a 
thorough discussion of the principles of breeiling, the use of inbreeding 
and cross-breeding, breeding for disease resistance, and other aspects 
of poultry breeding that apply to ducks no less than to chickens. A 
careful study of the breeding investigations that have been made with 
chickens and with turkeys should be of much assistance to those in- 
terested in improving llic brcecling of ducks. No attempt will bo 
maile to discuss these breeding principles in detail here — for this in- 
fvirmation the reader is referred to Dr. Jiill’s article. 

dull stresses the importance of what he calls a three-i) program, in- 
volving proiluction records, pedigrees, and progeny testing. Produc- 
tion recorils, he points out, are of great value; yet many good individ- 
ual producers fail to produce good offspring. ' Pecligree breeding, in 
which detailed records are kept of the breeding birds and their off- 
spring, is an improvement over breeding from production records 
alone, but again there is no positive assurance that a bird with a good 
ancestry will always ])roduce good offspring. Since ducks are rarely 
tran-ne'sted, practically no thorough pedigree breeding has been car- 
rietl on with them. Progeny testing, wliich is the best metliod of 
evaluating any poultry breeiling stock, has not as yet heen applied 
to the breeiling of ducks in this countrv. 

In fact, ducks offer a virgin field for poultry breeding research, 
especially in the inheritance of meat characters. The fiivt practical 
steps in a breeding program woiihl be the use of the production record, 
the pedigree, and the progeny test. They involve e.xpense, however, 
in the keeping of records, securing individual egg records, and main- 
taining breeding ducks beyond tlie age now customary; and duck 
breeders apparently do not feel that this expense is justified under 
present conditions. A ver\" different situation exists among breeders 
of chickens, who are primarily interested in breeding for eggs. 

Hrekuing for Size ami for Qlllity of Fle.sh 

Ducks arc kept and selecteil primarily for fle.sh production. Good 
body type and raphl growth to market size are desired for economical 
production. But very little research work has been done on the breed- 
ing of poultry for meat or flesh production or on the inheritance of 
body .size. W. F. Waters of the Iowa Agricultural Kxperiment Sta- 
tion has shown that inheritance of body size in chickens is extremely 
complex, and experiments in cro.s.sing a lai^e and a small breed at the 
National Agricultural Research Center, Beltsville, Md., indicate that 
a large number of genes are involved. 

■ See list of selected references, p 1377 
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As already iiulieated, breeding work with J’ekin ducks has been 
confined principally to the selection of birds of the desired market 
typo, size, and weight, that is, those weighing about 5K pounds when 
dressed at 10 to 12 weeks of age. A larger Pekin can easily be pro- 
duced, but it w'ould not be S(» well adapted to the market demand, 
moreover, large heavy ducks are not usually us good breeders as thos? 
of nu'dium size. Sitice only a small percentage of the (hicks raised 
are ke-iit for breialing, it is a relatively (*asy matter to select good- 
sized, rapid-growing, and (‘arly-maturing birds for the breeding Hocks. 

Imjrki.dim; \m> IKtcii \hii.ity 

The Pekin ducks ha\e been bnul for a longer period without intro- 
ducing outside stock than have any of the popular breeds of chickens. 
No work on the use or effect of inbreeding in the egg-laying breeds of 
ducks has been reported. The. results secured with inbreeding 
chickens for egg production should be applicable to the bleeding of 
ducks. Ahnost all the IVkin ducks in this country ai(> descended 
from two small importations. There, have been periods when it 
w'ould appear that many of the flocks on l^ong Island were being too 
closely inbred and that this iTsuIted in widespread poor hatchability. 
From oxperinumts with chickens it has been concluded that hatcha- 
bility tends to decrease and chick mortality tends to increase ^\•ith 
close inbrei'ding. 

Hatchability is an inherited character that cun be improved by 
careful selection and breeding. However, the fact that Fekin ducks 
are. usually mass mated ami are rarely trap-nested makes it veiy 
(liflicult to select for hatchability. In these mass matings there is 
usuallv one male for every six or se\en females. It would be very 
desira\»le to select males for breeding on the basis of high hatchability 
of the eggs of their dam and their iirogeny. 

(;koss-Bui:ki)1\«, 

It is sometimes claimed that cross-hreeding produces increased 
^igor in the offspring. There has been very little cross-breeding of 
ducks e\ce])t in farm flocks where the birds are bred indiscriminately. 
The purebred Pekin is the oidy breed used on commercial duck farms 
in tins country for meat production. Ducks of the Aylesbuiy breed 
were occasionall^ crossinl with the Pekins in this country some years 
ago, but the reports of this introduction of Aylesbuiy blood have been 
unfavorable and these crosses have been entirely eliminated from the 
breeding flocks. It is reported that outcro.sses (if the J^ekin on the 
Aylesbury are occasionally made in England to improve the breeding 
ipialities of certain flocks that show poor h'rtility and lack of vigor. 
The mule duck, a cross of the Muscovy on the common domestic duck, 
is occasionally made, especially in the Southeni States. The hybrids 
are not fertile when bred together, but they will breed to some extent 
with either parent race. 

Sklkction koh Disexse Resist.vnoe 

Ducks are considered less subject to disease than chickens, and 
mortality in commercial Hocks, both m the young ducks and in the 
mature stock, is usually much less than with chickens. Commercial 



1374 


YEARBOOK, 1937 


duck breeders started with good Pekin stock and appear to have kept 
their ducks relatively free from disease by good management of the 
breeding flocks. No experimental work has been reported, however, 
on breeding ducks for disease resistance. There has doubtless been 
much less chance for the spread of disease than in the case of cHckens, 
since most ducks are very healthy, and commercial duck farming is a 
highly specialized industry largclv conducted on very light sandy soil 
by a small number of breeders who usually hatch and raise their own 



Figure 5. — Pekin ducks, 12 weeks of age, weighing 6 pounds each, 
and ready for market. 


stock, while the ducks on general farms are kept in very small flocks 
and hatched and reared by natural methods with very little trade in 
day-old ducklings or breeding stock. 

Breeding for Meat Production 

On commercial duck farms picking out breeders has been almost 
entirely a matter of selection from appearance and by handling the 
birds. Ducks have been bred from large flock mating; few if any 
special matings have been made; the birds are not trap-nested and 
there has been no selection of outstanding breeders on the ba^ of 
individual pedigree records. However, the uniformity of the ori^al 
stock and the selection of small flocks of breeders from very laige 
numbers of ducks have brought about a much greater uniformity m 
type and size than can be found in any other kind of poultry (fig. 5). 
The best flocks of ducks are so highly bred that there is practically 
only one market g^e. 

The best-appearing young birds are selected when they are 8 to 10 
weeks old and reservea for further selection as breeders. At this age 
the birds intended for market are changed to fattening rations. 
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Breeding males are usually selected during June and females during the 
early part of July. When these selected ducks reach market age they 
are again carefully examined and only the best are kept. Breeding 
ducks are selectecl for good length, width, and depth of body, and for 
early _ maturity. While good size and quick growth are desired, stock 
showing any sign of coarseness is discarded. Heavy birds with very 
deep keels have a tendency to take on too much fat and are likely to 
show low egg production, poor fertility, and lack of vigor. Most 
breeding ducks are kept only through their first laying season, as 
young ducks ore better producers and lay earlier than older ones. The 
use of only mass matings and this restriction to young breeding stock 
made it impossible to do any careful pedigree breeding or progeny 
testing. Retaining a few of the best breeders for a second season and 
keeping adequate records for these birds would be worth trying. 

Young Pekin ducks are efficient producers of meat. The young 
ducks raised on commercial farms have been selected and bred for 
rapid growth and at 10 to 12 weeks of ago they are nearly as large as 
they are at maturity. At 12 weeks of age Pekin ducks weigh about 
6 pounds, or 50 times their initial weight. Chickens fed for rapid 
growth and marketed as broilers at 12 weeks of age weigh about 2'A 
pounds, or less than one>half as much as ducks of the same age, while 
at maturity the ducks weigh about the same as chickens. 

Up to about 1910 market growers exhibited their ducks at the 
poultry shows and competed to some extent in the sale of breeding 
stock meeting standard requirements. Since that time commercial 
duck farmers have shown much le^ interest in the requirements of the 
standard, largely disregarding any points that did not meet their own 
particular market demands.* 

Breeding for Egg Production 

Ducks of the egg-laying class have been selected and bred for very 
high egg production. Records of individual ducks and of small flocks 
show egg yields as high in number as the best records made by hens, 
and higher in total weight. In this country there is veiy little mterest 
in the egg-producing breeds of ducks, largely because of lack of demand 
for duck eggs for market. The Indian Runner duck, wMch is one of 
the best egg producersj experienced a moderate boom beginning about 
1907, but the interest m the breed lasted only for about 7 or 8 yeare.® 
Duck eggs are usually in good demand only early in the spring, especial- 
ly around Easter time. There has been some indication of a slightly 
increased demand during the last year or two in some markets. 

Duck egg-laying contests have been conducted in England and other 
foreign countnes, where the egg breeds are kept much more extensively 
than they are in the United States. Trap nests used in Germany are 


a 1874 anil the foUo« ing year this breed was admitted 
„ la 1888 the following standard weights were adopted. 

'^^^rael^lan'itUBner'dnck standard was first adonteil by the .American 
lively few changes have been made in the standard and these 

polnu. StandSd weights are 414 pounds and 4 pounds for adult drakes and duck^respemv^ Tm 

SSmdard<3ialS-a^g slender hirdwith carriage approaching the so^Uled utility 

t^^n^M Runner dVckT breii only for egg p^uctlon, is less upright in carriage and not so slender as 
the standard type, wUch is bred primarily for exhibition. 
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illustrated in figure G. The 101 ducks entered in one of the English 
contests averaged 225 e^ in 48 weeks. The average weight of all 
^gs was 2.57 ounces, which gives an egg production per duck of 36 
pounds, 3 ounces, or about eight times the average weight of the ducks 
of the e^-laying class. This is a much greater average production 
per pound of body weight than is made by chickens in the egg-laying 



Figure 6 . — Trap neals used in Germany in pedigree breeding of ducks 
fur egg production. 

contests. Many individual duck records of over 300 eggs per year have 
been made, while the liiglicst individual production runs over 360 
eggs. The use of the single-pen system or of trap nests for keeping 
records of individual ducks goes back only about 16 years in England, 
but great progress bus been made in improving egg production during 
these years. Considerable inbreedi^ has been used, and pedigree 
breeding anti the keeping of production records have been practiced. 
Progeny testing offers an opfiortunity for still greater improvement 
in breeding for egg production. 

Size and Color of Eggs 

Size and color ofHi^ eggs%e inherited so that, where individual 
records are kept, careful pedigree breeding and selection will lead to 
material improvement, it is desirable to maintain good e^ size in 
both the and the meat breeds. Considerable variation occurs in 
the color of duck eggs, which have a tendency to show various shades 
of green. This ia natural, since the wild mallard produces eggs with 





DUCKS 


1377 


green shells. Shell colors range from white for the Pekins and well~ 
bred Indian Buimers to green for Rouens and dark green or black for 
the Cayuga. When the Cayuga and Black East India ducks begin 
to lay , their eggs are almost blaw, but as production increases the eggs 
gradually lose their black color and become dark green. White- 
shelled eggs are desired for market and the popular egg breeds show the 
great improvement that has been made in selecting and breeding for 
white eggs. Duck eggs produced by farm flocks on range, which are 
poorly fed, are not considered to be of as good a flavor as duck eggs 
produced from well-managed flocks. 

Ducks offer a virgin field for poultiy breeding research, especially for 
the inheritance of meat characters, since ducks arc used almost ex- 
cludvely for meat. GENETIC RESEARCH 

Very little information has been reported on the genetic composition 
of the domestic breeds of ducks. The principal plumage-color-in- 
heritance work in this country has been conducted by R. G. Jaap at 
the University of Wisconsin. A few other research reports on the 
breeding of ducks will be found in the list of references. Jaap studied 
the inheritance of three typos of white spotting. Two of these t3rpes 
were found to be simple recessive and the third type exhibited incom- 
plete dominance. The dominant type of white markings is found in 
the Fawn and Vrhite and the Penciled Indian Runner varieties and is 
duo to the homozygous expression of a dominant type of white spiotting, 
RB, designated “runner.” The two recessive types of spotting are 
found in ducks having white primary wing feathers. One class is due 
to the heterozygous expression of the genes for runner, Rr; the other 
to a recessive gone, w, for white primaries. 

Jaap also reported on three allelomorphic genes which produce 
differences in the mallard-plumage pattern. These three alleles are 
restricted mallard color, Afr, mallard, M, and dusky mallard, md. 
Another article describes the effects of a recessive gene which produces 
a light color phase in mallards. In the juvenile feathering, in the adult 

{ ilumage of the female, and in the summer plumage of the male the 
ight-phase gene produces a lighter color tone in the ducks that are 
genetically restricted mallard color, mallard, or dusky mallard color. 
During the summer the adult Rouen male takes on a drab plumage 
similar to the plumage of the female. After the fall molt the male 
again assumes his normal bright-colored plumage. Young drakes also 
have this drab female coloring before they take on their adult plumage. 
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THE BREEDING 
OF FUR ANIMALS 


FRANK G. ASHBROOK, Principal Rlologiat 
in Charge, Section of Fur Reaources, Division of 
Wildlife Research, Bureau of Biological Survey 

The science of breeding can play an important part in conservii^ 
and developing the fur resources of the United States in two vital ways. 
(1 ) Research is needed to throw light on the breeding habits and gesta- 
tion periods of wild fur animals so that an intell^ent conservation 
program may be based on the biological needs of the animals con- 
cerned. (2) As in the case of domesticated livestock, breeding re- 
search is needed to give a more certain foundation for the production 
of fur animals in captivity — notably the silver fox and the mink. To 
state which of these two fields is the more important is difficult. 
Without a vigorous conservation program based on sound scientific 
knowledge there is great risk of completely wiping out one of the 
oldest of the valuable resources of the country. On the other hand, 
fur farming is rapidly becoming an important farm enterprise, and if 
it is to develop its full possibilities, further information is gfreatly 
needed at various points. The industry is all the more significant 
because it does not compete with any other kind of fanning and it 
utilizes land that is of little or no value for any other crop. 

A brief backward glance will show what has happened to the fur 
resources of the United States to make conservation in the wild so 
essential and propagation on fur farn» a lucrative undertaking of such 
great promise. In almost every civilization furs have been amon^ the 
most valued articles of commerce. This was true among the Chmese 
3,500 years ago, and later among the Greeks and the Romans. In 
medieval Europe fur was a luxuiy much sought after — and incidentally, 
men made greater use of it for clothing than did women. It was not 
until after the discovery of North America, of course, that the world 
fur trade really got into its stride. That it early became an enor- 
mously profitable business on this continent is attested by the fact that 
an Indian trapper could often be induced to part with his winter’s 
catch, worth hundreds of dollars, for a blanket or two and a bottle of 
rum — and perhaps not very good rum. Among the great fortimes 
amassed in this game the outstanding example is that of John Jacob 
Astor. 

In these circumstances, with pelts readily obtained and profits large, 
no attention whatever was paid to the question of the possible exhaus- 
tion of this source of wealth that nature distributed with a prodigal 
hand. The more furs there were on the market, the more TOpular furs 
became. The luxury of the rich became the necessity of the nioder- 
ately well to do. The trap lines were run not less but more intensively, 
to the profit of everyone — the professional trapper, the landowner, 
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the farmer who could turn a few extra dollars without much trouble, 
and a large army of wholesalers, factory owners and workers, and 
retailers and their employees. 

Naturally a depletion of fur resources resulted. This cannot be 
attributed, however, entirely to overeagemess in trapping. The dis- 
appearance of the wilderness, natural habitat of the fur-oearing ani- 
mals, was a major factor. Nevertheless, even today the trappers 
and fur farmers of the United States receive $60,000,000 a year for 
the raw furs they bring to the market. The annual retail turn-over 
is several times that amount; in 1929^ the peak year, it reached half 
a billion dollars. The United States is in fact the largest consuming 
market in the world. 

PRODUCTION AND DEMAND FOR FURS 
Today, instead of the United States being the world’s chief source of 
fur supply^ this country does not produce enough to meet more than 
a third of its own demand. Twice as many foreign as domestic furs 
are now being used in this countiy, and the demand is increasing 
rather than decrees^. To meet this demand, trappers still take fur 
animals from the wild with the same extravagant disregard of main- 
taining or increasing whatever supply is left. It is unquestionable 
that our natural fur resources will be completely exhausted, unless 
measures are taken to strike a proper balance between supply and 
demand. 

In this connection there is much need for greater knowledge re- 
garding production. At present no one knows what would constitute 


BEFORE the devdopment of fox farming there apparently occurred 
in the common red fox two distindly different mutations to black 
(silver) — one among foxes in Canada, giving rise to what are now 
called standard silvers, and one among foxes in Alaska, giving rise 
to Alaskan silvers. Beginning in 1928 the Bureau of BiologiccU 
Survey conducted researdi to determine the inheritance of the major 
color types, and B. L. Warwick and the late Karl B. Hansonworked 
out a hypothesis according to whidi two dominant genes, A and B, 
and their recessives, a and b, accounted for all the principal color 
variations. The results of experimental crosses and an analysis 
of a large number of litters from recorded mating made by fox 
fanners substantiated this hypmhesis. By referring to a simple 
gmetic (hart, it is now possible to determine the expected results of 
any method of breeding the nine basic combinations of these two pairs 
of genes. This research indicates the possibilities in the study of 
die inheritance of fur color, whidi is of primary importance in 
fox farming. 
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a proper balance. We do not know, for example, whether we are 
producing 10,000,000 muakrate a year and trapping 13,000,000 or 
producing 5,000,000 and trapping 25,000,000. We can be pretty sure 
that we are trapping more than we are producing ; but it is important 
to find out how many more. Almost every State has some fur 
resources that are a source of income for some of its citizens. The 
methods of handling these resources are almost entirely haphazard, 
and in fact few State game and conservation commissions have given 
sufficient serious thought to the matter. In most States there is no 
provision for keeping a record of the furs taken each year. In the 
case of some of the most valuable fur bearers — martens, fishers, 
wolverines, and otters — the situation has become so serious that the 
Bureau of Biological Survey has appealed to all State game and 
conservation commissions to protect them with a 5-year closed period, 
as the only way to forestall their extermination. 

REPRODUCTIVE CYCLES 

The usefulness of breeding data in this situation may be illustrated 
by the case of the marten (fig. 1). At its experiment station near 
Saratoga Springs, N. Y., established in 1923, the Bureau has been 
studying the breeding and the gestation period of the marten. As a 
result it has found that a period of 9K months elapses between the 
time of copulation and birth. With so long a period of gestation, 
many pre^ant females are bound to be destroyed under the prevailing 
system of open and close seasons. It is obvious that unless the 
trapping season for a fur animal corr^ponds accurately with its 
gestation-free period, the close season will not accomplish what it is 
mtended to: the prospective generation will be destroyed aloi^ with 
the one trapped. Even this precaution, however, would be inefi^tive 
in the case of the marten or the fisher, for their gestation periods are 
too long. A 5- or 10-year closed period is necessary to prevent 
local or even general extermination of these two fur animals. 

The available information on the reproductive cycles of the wild 
fur-bearing animals is very meager. A review of the literature shows 
that very Tittle research has been conducted to determine their actual 
breeding seasons, postnatal development, and gestation periods. 
Practically all that is now known has been learned by observing the 
living animals, f'ew investigators have studied actuid embryological 
material. The one outstanding contribution to the embryological 
science of fur animals is that of Hartman, ‘ of the Department of 
Embryology, Carnegie Institution of Washington, at Baltimore, Md. 
This paper presents a study of the physiology of growth and repro- 
duction, the embryology, the rate of intra^uterme and postoat^ 
growth, and the breeding season. More information of this kind is 
vitally important to any programs of conservation, restoration, 
restocking, or transplanting, as well as to the su^eM of any effort to 
produce fur species in captivity. _ Conversely, it is also important 
ui successful control of noxious animals, which should be most inten- 
sively hunted throughout the period preceding the arrival of the 
young. Similarly important is definite knowledge of the molting and 
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prime-fur cycles, for, with dependable data at hand, trapping may be 
confined to the time when a given fur has its maximum value. At 
present this is rather vaguely considered to be the period of cold 
weather. 

This kind of knowledge is fragmentary in comparison with what 
has been developed in the case of the domestic animals, which have 



Fifftre I , — The marten, one of our moat valuable fur animals, 
ia now in danger of extinction. 

been imder close ol^rvation over long periods of time. The place 
to begin, however, is at the beginning, no matter how elemental^' it 
may seem. 


RAISING FUR ANIMALS IN CAPTIVITY 
Raisixo animals in captivity as a means of supplying the need for 
furs is an industry that is both new and not new. The Chinese have 
for centuries bred sheep, goats, and dc^ for their pelts. The out- 
standing example of a domesticated animal bred specifically for this 
piupose is the Karakul sheep, which has long been produced for lamb- 
skins on the uplands of Bokhara in central Asia. Afghanistan is 
now perhaps the most important center of this industry, and the 
annum production of lambskins there is (1036-37) 1,200,000; the 
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Union of Soviet Socialist Republics is next, with an annual production 
of 900,000 skins. About 30 years ago Karakul sheep raising was 
started in what was then Gennan Southwest Africa, and today the 
farmers of that region are producing annually about 700,000 skins 
and shipping them to the raw-fur markets of the world. Karakul 
sheep are also being produced in the United States, but there are few 
purebred animals in 
this country. The 
foundation stock 
came from small im- 
portations from 
Bokhara in 1909, 

1913, and 1914. Fur- 
ther importations are 
next to impossible. 

The Federal quaran- 
tine reguIlStions pro- 
hibit direct importa- 
tion into the United 
States, and it is too 
expensive to make in- 
direct importations by 
holding the animals 
for the required length 
of time in another 
country. 

In tne face of this 
situation the Bureaus 
of Animal Industry 
and Biological Survey 
have been cooperating 
in a breeding experiment that promises favorable results. Since it 
would be almost impossible to increase the breed to any appreciable 
extent from present stocks of purebred animals, the Department has 
been cairying on cross-breeding experiments with Kart^ul X Black- 
faced Highland and Karakul X Corriedale at the National Agricul- 
tural Research Center, at Beltsville, Md. 

The moat spectacular and important development in fur-animal 
production, however, is in silver-fox farming (fig. 2). This develop- 
ment has taken place during the last 40 years, and though brief, the 
histoiy of the industry has been sensational. Two Canadian farmers 
on Prince Edward Island, Charles Dalton and Robert Oulton, started 
to experiment in 1894 with cross and black (silver) foxes, some cap- 
tured and some purchased. They bred the foxes in captivity and 
finally obtained some entirely black and silver puppies. The neigh- 
bors soon learned of their secret operations and before long several 
fox farms were established on the island. It was generally under- 
stood that Dalton and Oulton were making money, but it was not 
until the 1910 sales figures were published that the extent of their 
profits become known. In that year they received for 25 pelts an 
average price of $1,339. One pelt brought the all-time ^h pnee of 
$2,627. This started a fox-farming boom and sent the prices of 



Fifftre 2 . — ^The production of silver foxes on farms now 
(1936) exceeds 200,000 annual!/. 
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breeding stock skyrocketing. The boom collapsed at the beginning 
of the World War in 1914, but in 1923 people were a^ain investing 
anywhere from $500 to $5,000 per pair in foxes, which in some cases 
they had never seen. By 1927 the unhealthy speculation in breeding 
stock had died out and ranchers went to work producing the animak 

for the fur. _ ii i:. 

Production on Fox Farms 

Fo-x fanning today represents the greatest development thus far in 
raising fur animals imder strictly controlled conditions. It can still be 
considered a relatively new industiy, however, since practically all the 
development in production has taken place since the World War. 
The number of pelts produced and sold m the United States is esti- 
mated to have increased from 6,000 in 1923 to 200,000 in 1935. The 
total value of the sales increased from $819,429 in 1923 to $7,719,600 
in 1928. During the next 3 years prices declined because of the 
depression and the increased production of skins, but from a low point- 
of $3,472,200 in 1931 they advanced to $7,114,500 in 1934. 

Foxes are grown successfully throughout the northern half of the 
United States, from New England westward to Washington and 
Oregon, and in the cooler parts of California. The greatest numbers 
of silver foxes are produced in Wisconsin, Minnesota, and Michigan, 
and these three States are contributing more than 50 percent to the 
annual crop of pelts. The latest two companies in the world pro- 
ducing silver foxes operate in msconsm. Each maintains about 7,600 
breed^ pairs. The other principal fox-farmin^enters are in the 
Bocl^ Mountain region, including Oregon and Washington, and in 
the New England States, Illinois, Ohio, New Yorkj and Pennsylvania. 

In Canada, fox farming has had a development similar to that in the 
United States but on a somewhat smaller scale. In 1923 sales of 
pelts from Canadian fox farms were slightly greater than in this 
country. In 1935 the number of Canadian pelts sold totaled 120,465. 
Furs from farms now play an important part in the fur trade of both 
Canada and the United States. The value of the pelts from farm- 
raised animals represents approximately 31 percent of the total annual 
value of the raw-fur crop m the Dominion and 20 percent in the 
United States. 

Abroad, fox farming has had a phenominal development, particularly 
in Norway, where the industry nas grown like a mushroom. During 
the season 1934-35 the number of pelts produced was 103,604. Other 
European countries also are producing silver foxes, and in Japan and 
South America the industiy is well established. The European silver 
fox pelts, especially those from Norway, must now be considered an 
important part of the world supply. If silver fox farming develops 
extensively in South America, the farmers of that continent will have a 
seasonal advantage in getting the pelts to the markets, for pelting 
there is in July and August. 

The world production of silver fox pelts for the season 1935-36 
was probably in excess of 500,000 distributed ^proximately as 
follows: United States and Canada, 350,000; Norway, 125,000; 
Sweden, 26,000 ; Netherlands, 5,000; Denmark, 3,000; Union of Soviet 
Socialist Republics, 4,000; Germany, 3,000; England, Frsmce, Switzer- 
land, Japan, and South America ti^ether, 3,000. 
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^ It can hardly be doubted that this comparatively new fur-farming 
industry Ims become a permanent part of our agriculture. It has met 
with relatively more success in recent years than most other branches 
of agriculture, and it promises still greater developments when freed 
from the artificial restraints and handicaps that at present are retarding 
its progress. Fur farming fits in well as a side line to general farming 



Figure 3 , — Many small fur farms like this one in Massachusetts are producing fur as 
a side line to other ogricnltural pursuits. 

because it can utilize certain parts of the farm not adaptable to 
^rowin^ other crops. It also provides a winter occupation and brings 
m additional revenue during tbe season when both are needed to 
balance farm operations. 

In 1926, when the annual production of silver fox pelts in the United 
States was about 25,000 and the average price for skins was $126, 
farmers began to wony about the possibilities of overproduction. 
Many were wondering whether increasmg production of furs year after 
year would not outstrip even the increased demand, including that 
resulting from the normal population increase. At that time the 
prices paid for pelts were dropping and the cost of feed was going up. 
The situation at that time was more alarming to the small than to the 
lane producers. 

Today, a decade later, the annual crop of pelts has multiplied eight 
times, to 200,000. Silver fox fur is fasliionablo, in fact very fashion- 
able. The average price for raw pelts has dropped to $42, only a third 
of that realized m 1926. Food costs are increasii^ rapidly. Some 
fox farms have grown bi^er, others better. Conditions now are not 
perplexing so mudh to me small as to the large producere. The 
reason for this change is that the former doM not have all his ^^s in 
one basket — pelt production with him is a side line (fig. 3)._ ^rther- 
more, pelt production costs him less on the average than it does the 

138904 •—.17 88 
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large producer and the price he receives for a pelt is on a par with 
that obtained by the latter. The small producers as a group are today 
marketing more than 140,000 pelts each year, while the largo prodxicers 
contribute only 50,000 or 00,000 to the annual crop. 

Experiments with Other Species 
Minks, martens, fishers, skunks, raccoons, and opossums also are 
being raised in captivdty to some extent, the most striking develop- 
ments having been in mink farming. The number of farm-raised 



Figure 4. — Skunka are easily raised but not at a protii. 

mink pelts has increased rapidly, and the prices paid have been excep- 
tionally good, reaching their high point durmg the 1936 season. 
These favorable conditions have naturally stimulated expansion. 
Generally speaking it may be said that in the case of fur animals other 
than foxes and minks more money is invested in feeding, breeding, and 
management than can be realized from the sale of the pelts. For the 
present, at least, the production of skunks (hg. 4), opossums, raccoons, 
martens, and fishers for fur is not a profitable undertaking. 

The problems of the fur farmer are fundamentally the same as those 
of other producers of livestock. They include a knowledge of his 
animals, their physical needs and temperament, and the requisites 
of sanitation, feeding, breeding, and disease control. In all of these 
lines, scientinc research has a part to play, but so far research has 
been of veiy limited extent. 

Present Breeding Methods 

During the relatively short period that foxes have been raised by 
man no particular strains of outstanding characters have been de- 
veloped. The best of them, however, produce fur of high quality. 
The problem then becomes one of producing fur of a given character 
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and qu^ty greater certainiy. In addition, the fox farmer 

would like to be sure of getting good producing vixens in order to 
increase his pup crop; and he would like to have greater control of 
diseases and parasites, some of which are common to domestic live- 
stock and some peculiar to foxes. The disease problem has been 

E aramount, as the losses on fox farms in certain sections of the coimtry 
ave been disastrous, in some instances entire ranches having been 
wiped out. The application of veterinary science is aiding in develop- 
ing the industry, although research has not yet developed methods for 
complete prot^tion against several diseases that are causing heavy 
losses on fox farms. 

The accumulated knowledge developed by plant and animal breed- 
ers should be of great value to fur farmers, but the latter have been slow 
in applying it to fur-animal production. In the past, time given to 
promotional schemes for selling breeding stock to unsuspecting buyers 
was much psore lucrative than that devoted to the tedious study of 
basic principles of fox breeding, feeding, and disease control. Then, 
too, the rapid shift in the market requirements from dark to full silver 
pelts has kept the farmers busy — and worried — supplying the demands 
of fashion. 

In their breeding operations, fox farmers have primarily -stressed 
the selection of particularly good, true-breeding types and the use 
of such animak as breeding stock. Increased prolihcacy and the 
production of fur of high quality have been the main objectives. 
The fur farmer has not advanced so far as the breeder of domestic 
hvestock in the application of definite breeding principles to his 
problems. Among fox farmers in general, there is as yet no idea of 
developing a fox strain different from any now in existence and per- 
haps possessing outstandingly valuable characters. Such good speci- 
mens as have been developed have resulted from continued selec- 
tions for a few desired types. 

Market Requirements 


It must be said, however, that the vagaries of fashion have had a 
good deal to do with the failure thus far to set up certain definite 
long-time objectives. Forty years ago black fox was popular; a few 
years later the highest prices were being paid for quarter and half 
silvers; and during the last 4 or 5 years the fiul silvers have been setting 
the upper price hmits because they are in keen demand for working 
into short long capes, short coats, enormous collars, and i^de 
trimmings on fur coat^ cloth coats, and dresses. In 1936 the prices 
obtained in the United States for full silver pelts were 50 percent higher 
than in Great Britain. 

These shifts in market requirements necessitated strenuous efforts 
on the part of breeders to satisfy present demands, with a minim^ 
of attention to the future. Charles E. KeUogg made an exha^Uve 
study of the sUver-fox-pelt markets of the United States and Great 
Britain covering the 5-year period 1932-36 to determme the eff^ts of 
trends on the percentages o1 sUver in ^e pelts. The resulte showed 
that about 36 percent of the American offerings m 1936 w^ fuU-sdver 
skins, an increase of 226 percent during the 5-year period. 
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This demonstrates how quickly the majority of farmers produced 
the manmum of light-silver pelts. Some cautious breeders, however, 
are retaining some of the darker silvers in the breeding herd as an 
insurance reserve, in case there should be a sudden return to the half 
and three-quarters silvers, which are more satisfactory for scarf 
purposes. Other breeders feel confident that the genetic make-up of 
silvering is dependent upon so many factors that persistent selective 
mating toward darker colors would supply such a new demand just 
as effectively, though perhaps somewhat more slowly. They feel that 
their method permits maximum concentration on full silvern for the 
present higher prices. There are no authentic scientific data available 
to demonstrate that either method is correct, and thus the producers 
continue to be faced with an important problem that for the present 
remains unsolved. 

RESEARCH IN INHERITANCE IN THE FOX 
It is quite generally appreciated that there is still much room for 
improvement in the color and texture of silver fox fur. ^ The pelts now 
coming to the market are generally somewhat better in quality than 
a year ^o, but this is true mostly for individual ranches rather than 
for sections of the country. Since the number of pelts offered for sale 
is increasing year after year, buye^ are naturally becoming more 
discriminating, especially with the increased competition that now 
involves other countries as weU as the United States. Fox farmers have 
reached the point where they must exert every possible effort to im- 
prove the quality of the fur produced. For the present, close culling 
of the breeding stock, which means pelting the undesirables, and in- 
telligent and strict selection of brecdmg animals are the most certain 
methods to bring about a marked improvement in fur quality. 

To meet the need for fundamental information on the genetic basis 
of silvering, the Biological Survey b^an an experiment in 1935 at the 
United States Fur Animal Experiment Station,^ at Saratoga Springs, 
N. y. An attempt is being made to determine, if possible, the genetic 
factors involved, so that market requirements can be^ met more 
promptly. The objective is to determine the relationships between 
the various degrees of silvering and to work out methods of breeding 
that will enable the breeder to have more control over them. Only a 
small number of foxes is available for this experiment, whereas ex- 
perience proves that a large number must be used to obtain definite 
results where many genes are concerned. There has been only one 
other research program to trace the inheritance of fur colors, and this 
was concerned not with gradations in silvering but with the basic 
differences between red, cross, and black (silver) foxes. To make this 
clear, it is necessary to give a brief account of these different typos. 

Before the development of fox farming, there apparently occurred 
in the co mm on red fox(VvZp«9/ttf{xi)two distinctly different mutations 
to black. One of these, namefy, that to which the standard or Prince 
Edward Island silver fox traces its origin, must have occurred some- 
where in Canada, probably in the eastern or central part. The other, 
to which the Alaskan silver fox traces its ancestry, certainly must have 
occurred in Alaska, most likely in the interior. The so-called cross 
fox was probably produced by crossing the red and the silver (fig. 5). 
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Thus foxes of the genus Vvlpea may have three kinds of pelts: (1) 
The conamon red fox, which is primarily red or fulvous with a mixture 
of gray or brown except for restricted black markings on the feet and 
ears, a white area at the end of the tail, and certain white-banded 
haire on the back and rump; (2) the typical cross fox, in which black 
predominates on the feet, Tegs, and under parts, while red or fulvous 
overlying black covers 
most of the head, shoul- 
ders, and back ; and (3) 
the black (silver) fox, 
which carries no red or 
fulvous, the entire pel- 
age being dark at the 
base and heavily or 
lightly overlaid with 
the bandedguard hairs 
that prjBduce the 
silvery appearance. 

These guard hairs are 
not entirely white but 
are black with a white 
band, and some are en- 
tirely black . Foxes of 
the third group vaiy 
from animals that are 
alm^t entirely sUver figure S.-Uttet of pups resuliiug from cioes.breediBg 
to those that are en- a silver with ■ red fox. 

tirely black except for 

a few white-banded guard liairs on the back and rump. The fur trade 
recognizes five classes of silver fox pelts, graded according to the per- 
centage of silver, as follows: Full, three-quarters, half, one-quarter, 
and slightly silver or dark. 

It is believed that what are called standard silver foxes, carrying 
a factor for silver and black color, were found naturally in many parts 
of Canada. Few if any of these foxes migrated into Alaska. On the 



of Canada. Few if any of these foxes migrated into Alaska. On the 
other hand, the progeny of Alaskan silver foxes, also carrying a factor 
for the silver and black color, probably traveled southward over the 
mountain range and spread over a large part of Canada. Neither the 


mountam range and spread over a large part of Canada. N either the 
Alaskan nor the standard silvers migrated to any extent south of the 
Great L^kes and the St. Lawrence River. The indications are, 
however, that some foxes possessing either or both of these factors 
for silver and black must have migrated or occurred naturally south 
into the northern parts of the States bordering on the Great Lakes. 

In the early days of fox farming, red and cross foxes captured in the 
wild were bred to produce silvers. As more silver foxes became avail- 
able, they replaced the red and cross foxes on ranches, and rilver foxes 
were bred together to produce silvers. As time went on foxes that 
would breed true for sflver were developed and it became generally 
understood that silver foxes produced from silver fox parente would 
always breed true. I^ter on, however, when silver foxes originating 
in Canada were bred to silver foxes from Alaska, the young produced 
proved to be crosses and not silvers. 
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Genetic Relationships Between Red, Cross, and Black Foxes 

Prior to 1928 no scientific research had been conducted to determine 
the genetic basis of the red, black (silver), and cross coloring in foxes, 
and consequently there was considerable confusion as to the genetic 
relationship between the black color in standard and in Alaskan foxes. 
In 1928 it was decided to include such studies in the program of 
research for the United States Fur Animal Experiment Station. 
B. L. Warwick, of the Texas Agricultural EMeriment Station, coop- 
erated with the late Karl B. Hanson, of the Fur Animal Station, and 
proposed a hypothesis that would account for the results obtained. 
To clarify the discussion somewhat, this hypothesis will be given first. 
Warwick suggested that genes A and li and their alternative forms 
(alleles) a and b account for red, black (silver), and cross colors in 
foxes. All the possible combinations of these genes would give the 
following types; 

Alaskan red. AA fib •= Smoky red. A Abb>= Standard black 

AaBB’=CroaB. AaRb^Blendm cross. (silver). 

aafiB>=Alaskan black aaBb>= Sub- Alaskan black Aabb«= Substandard black, 
(silver). (silver). aobb*= Double black. 

Hanson found that when the standard black and the red foxes were 
crossed, the offspring were usually a smoky red. Although red was 
strongly dominant to black, it was not completely dominant; there 
was some blending that produced the^ smoky color. ^ Foxes of the 
first filial generation had larger prominent dark points and more 
evidence of black than is usuiuly present in the red parents. Stre- 
ga tion into reds^ smoky redsj and blacks occurred whra the first- 
generation offspnng were bred mter se, that is, bred to their own kind. 
The ratio of segregation was about 1 red to 2 smoky red to 1 black. 
When smoky red foxes of the first filial generation were backcrossed 
to the black parents, the result was a ratio of 1 smoky red to 1 black. 
These ratios indicated that a single gene accounts for the difference 
between pure standard blacks and reds. 

On some fox farms, however, where supposedly pure standard black 
foxes were bred •with pure red ones, mixed litters of smoky reds and 
reds in about equal proportions were produced in the first generation. 
Doubtless the black (silver) parents were not pure but had a hybrid 
combination of the genes A and a. 

Some red foxes caught in the •wilds of Canada, the Upper Peninsula 
of Michigan, and northern Minnesota and Wisconsin when crossed 
with pure standard blacks produced mixed litters, •with blacks and 
smol^ reds in equal proportions. If these wild red foxes were really 
hybrids or smoky reds, it would account for the results. 

When Alaskan blacks were crossed with red foxes, the first genera- 
tion were all cross foxes, but no appreciable dominance of black or 
red was in evidence. When the first filial generation was bred inter 
se, there was a segregation of 1 red to 2 cross to 1 black (silver). The 
cross foxes when backcrossed to black parents again produced crosses 
and blacks in equal proportions. The ratios again indicated a differ- 
ence of one gene between pure red and pure Alaskan silver foxes. 

Hanson then crossed Alaskan and standard black (silver) foxes. 
The first filial generation turned out to be blended cross foxes. This 
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Figure 7. (Legend on oppoeite page) 
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blaik i" ^askan and standard 

w,l*U”ki® ^askan blacks and standard blacks were 

occurred m the. litters. Check matings demon- 
stra^ that the wcuirence of bl^k in the first -filial genemtion was 
due to the fnct that one or the other of the parents was not pure but 
nybnd for either A or B. ^ 

Inadequate facUitira and lack of funds made it impossible to main- 
tam a sufficient number of foxes at the Fur Animal Nation to make a 
complete mvestigation of this kmd. Therefore, the research workers 
hod to solicit the cooperation of fox farmers who had been conducting 
ci^-breedin^ exMriments in the United States and Canada. They 
wiUingly furnished the data obtained from their breeding operations 
and these proved to be moat valuable in amplifying the results ob- 
tained at the experiment station. 

Hanson :Qiade a biometrical analysis of these data and found that 
three pracipal colors in foxes are inherited in accordance with the 
factor hypothesis previously mentioned. In 776 litters, including 
over 3,000 pups, representmg 30 different combinations of types, 
only 4 litters were reported in which the results were contrary to the 
hypothesis. In at least two of these cases there was some doubt as 
to whether the vixen was served by two different males or whether 
the parents were improperly classified as to color. 

Hanson designed a chart to illustrate the results of the various 
matings on the basis of two-factor inheritance (fig. 6). At the top of 
this chart is a key to the three different colorings and the nine different 
combinations of genes that result in nine different types. Directly 
under the key is a series of smaller nine-block squares giving the 45 
different matmg combinations of these nine types. The black squares 
in the blocks represent the genetic types mated and the numerals 
represent the expected distribution of progeny in proportions. Refer- 
ence should be made to the key at the top of the chart to determine 
the colors (fig. 7) and genetic make-up of the animals being mated 
and also the progeny.* 

As examples of the use of the chart: Suppose Alaskan blacks are to 
be mated with standard blacks. This mating is given in the set of 

'In raatlnin producinK more than one kind of progeny the result may deriate in the distribution of progeny 
In IndWidual litten or in a small number of litters, not only amoiu foies but among other animsla also. 
For example, the eipi^tioa from crossing a substandard black with an Alaskan black (fig. a, square 32) 
is that the progeny will consist of blended crosses and sub- Alaskan blacks in a 1:1 (90: SO) ratio. As likely 
as not, this mating will produce an equal number of crosses and blacks (silvers). The probable oocutienoe 
of dlfletent combinations of cross and blade foies in litters of four thus produced is as fouows: 

Black (sllyer) foxes 

Cross foxes - - — O-l-2-B-t 


Although these flgiiree represent the proportion of black (silver) and ctot faxes ttat may o^ In Mten 
of fourTlltters of that slie * not alw ays occur. In sufficient numbm there wo^d be Ptwluowl dz tlmm 
as many Utteia contatnlng equal numbers of silver and crass foxes as there would be litters of all sUvers or all 
crosses. Ukewlse the Utters with three pups of one color and one of the other would be produced four 
times as frequently as would be litten of dl one color. 


Fiffin 7.— Fax pdts of the nine genetic types, upper and under side iUustrated in 
each case, and grouped as in the square diagram in figure 6: A, Red, AABB; B, 
smoky red. AABb; C, standard black, AAU; D, Alaskan red cr^ tau f. 

Mended cross tax, AaBb; F, substandard Mack, C Alaskan Mack. ooBB; 

tub-AlMkan blftcki ooBb; /* double bla<^« ooooa 
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sauaros iiiiiubercd 9. Tho figure 1 in the middle square indicates that 
all the progeny will be blended cross foxes. Now suppose these 
blended cross foxes are bred together,^ as in the set of squares num- 
bered 15, The figures in the squares indicate that every kind of fox 
will result from these matings, and that in a large number of matings 
the proportions may bo expected to be 4 blended crosses, 2 AlasWi 
red crosses, 2 smoky reds, 2 substandard blacks, 2 sub-Alaskan 
blacks, 1 red, 1 standard black, 1 double black, 1 Alaskan black. If 
an Alaskan black is mated with a smoky red, as in the set of squares 
numbered 31, the result will be 1 Alaskan red cross to 1 blended cross. 
If a sub-Alaskan black is mated with an Alaskan red cross, as in the 
sot of squares numbered 41, the result will be equal numbers of 
Alaskan rod crosses, blended crosses, Alaskan blacks, and sub-Alaskan 
blacks. 

A SUGGESTED PROGRAM FOR FURTHER RESEARCH 
Fur farmers look to the scientist for leadership in the development 
both of basic information in fur-animal breeding and of methods of 
improvement, and they have appealed many times to the Federal and 
State Governments for assistance. Little has been done, however, 
b^ public agencies to develop this new and promising animal-produc- 
tion ente^rise, and there has been no systematic effort on the part of 
State agricultural experiment stations or the Department of Agricul- 
ture to develop, isolate, perpetuate, or record fur animals of superior 
breeding ability. 

In order to place fur farming on a foundation comparable with that 
of other branches of agricultural production, fundamental knowledge 
is essential, and this can be obtained only by inaugurating a compre- 
hensive program of research. Such a program mi^t be conveniently 
divided mto three parts: 

1 . Research work on reproductive cycles. Most of the study thus 
far has been concerned with domestic species, and the available definite 
infomation on wild animals is very meager, particularlv as regards 
species of economic importance. A more exact knowledge of the 
reproductive cycles of North American fur animals could be applied 
in several ways. It would be of great value — (a) in determining the 
proper trapping seasons for restoring and conserving fur animals; (b) 
in attempting intelligently to supplement the naturalsupply by restor- 
ing and transplanting; (c) in insuring success in producing fur species in 
captivity; and (d) in making possime a more efficient and economical 
control of predatory and other injurious species. The object of 
research on reproductive cycles would be to establish definitely— (a) 
the breeding period of valuable fur animals; (b) the number of litters 
and young produced yearly; (c) the type of embryonic development 
(whether uninterrupted or with a delav in implantation); (d) the 
hormone control of the breeding cycle; (e) the feasibility of artificial 
insemination in those species that might be raised in captivity; and 
(f) possibilities for producing or maintaining reproductive fertility by 
hormone or other treatment. 

2. Breedingexperiments with various fur animak under controlled 
conditions, lliese should be conducted to study the inheritance of 
prolificacy and fur quality, which includes color, sheen, and density. 
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In all animal breedir^ it is vital to concentrate on as small a number 
of objectives as po^ible. Measurements must be devised to evaluate 
all these characteristics with greater certainty, especially fur quality. 
Similarly, there should be measurements for efficiency of feed utilka- 
tion, since the cost of feeding is a large part of the cost of production. 
Where genetic factors (genes) might be directly useful, as in the case 
of coat colors, they shoiud be determined so far as possible. They will 
doubtless prove to be extremely complex, but the research on color 
inheritance already described indicates that something may be done 
to s^r^ate definite traits of this kind and to breed for them. Mean- 
time, to use breeding stock of proved performance, as determined by 
the progeny test and oy dependable records of parental characteristics, 
would be to approach the problem in the way that has proved to be 
of such great value in other branches of livestock breeding. 

3. Attention to nutrition. This article is concerned ^marily with 
breeding a^ genetic research^ but in any comprehensive research 
program, nutntion is equally important. Practically no fur-animal 
research studies have been conducted on digestion and metabolism, 
the chemical composition of foods, and the part played bv various 
foods in growth, fattening, maintenance, reproduction, ana the eco- 
nomical production of pdts of high quality. With few exceptions, 
all fur animals are meat eaters. The maximum and miniTmiTn quan- 
tities of red meat that can be fed during the various stages of develop- 
ment should be determined. Some work has been done to determine 
the value of cereals, v^etabW and protein supplements in the ration, 
but it should be expanded. These and many more nutritional prob- 
lems when adequately solved will enable fur-animal breeders to 
proceed more surely, safely, and efficiently. 

Without extensive controlled experiments, all breeding and feeding 
practices are of a hit-or-miss nature. But experiments vdth fur 
animals are exceptionally costly, not only in the matter of equipment, 
but also in the time involved, for breeding stocks are expensive and 
practically all species produce only one litter a year. In addition, 
scientific training and the ability to conduct research are required, 
and the economic results of any given project are by no means certain. 
Private brewers therefore are not likely to do much experiment^, 
because they must coniine themselves to operations that^ are fairly 
certain to produce immediate profits. Fur-farmers' organizations or 
wealthy producers might undertake some forms of research work, but 
men change their minds and associations change their policies, and 
under these conditions there is no assurance of continuity. There are 
many reasons why fur-animal research must be conducted primarily 
by properly equipped public institutions, but this can be done only 
in response to a sufficient public demand and with the active support 
of those who have a stake in the industry. 



BEE BREEDING 
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The economic importance of bee breeding, measured in dollars, is 
probably greater than is realized even hy the beekeeper. The poten- 
tial stake of agriculture in the United States in queens alone is over 
$2,000,000, if a value of 50 cents, the minimum^ price set by the market- 
ing agreement governing the sale of queens, is placed on each of the 



Fiffire 1 . — The three inhabitants of the hive: A, The worker, a female with arrested 
development of the eggdayiug organs; B, the queen, a female with completely devel- 
oped egg-laying organs but with undeveloped secondary sexual characters such as 
those possessed by the worker for secreting larval food, for gathering nectar and pollen, 
for secreting wax, and the like; C, tlie drone, the male bee. During the height of the 
season, a bee colony may consist of several thousand workers and a few hundr^ drones, 
but it normally contains only one queen at any time. 

queens in the more tlitin 4,000,000 colonies of bees in this country. 
The amount invested in bees, hive and honey-house equipment, and 
the like is $35,000,000 to $50,000,000 on the conservative basis of $8 
to $12 per colony. Whether a fair return is being received by the 
beekeeper on these sums, plus the amount involved for his time and 
labor, depends primarily on the blood represented by the queen and 
by the drone with which she mates (iig. 1). 

The public is also directly affected by the breeding problem, not 
merely from the standpoint of being insured an abundant supply of 
honey, but from the more important standpoint of having bees that 
will function as efficiently as possible in the pollination of many of 

I.AOA 
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our crops. For example, clover crops, which are so fundamental in 
the dairy and livestock mdustnes, apples and other fruits, and truck 
crops in g^nhouses are now more or less wholly dependent on the 
efforts of the honeybee. There is interest also in increasing the supply 
of native beeswax, which at present comes so far short of meeting 
domMtic demands that lai^e quantities are imported annually. The 
bee is far more valuable to American agriculture through all these 
other activities than through its honey production. As a matter of 
fact, the activities of the honeybee are so varied and so useful that 
practically every person benefits by them in some way or other, and 
so will benefit, mdirectly at least, by any improvements that result 
from scientific breeding. 

FACTORS LIMITING PROGRESS OF THE BEE BREEDER 
In spite of its impiortance, bee breeding b only in its infancy, one 
reason beipg that promising methods for mating queens and drones 
under laboratory conditions had not been worked out until within the 
last few years. Prior to the development in 1923 of the Quinn- 
Laidlaw technique — discussed later in this article — ^whereby, through 
the agency of the operator, the drone oi^an is everted in proper por- 
tion in relation to the queen for insemination to take pmce, and in 


SEVERAL desirable characters have been commonly recognized 
among die varieties of honeybees used in the apiary ^ but the breeder 
during past years has been able to do little in combining these in 
one bee because in nature queen and drone mate only on the wing. 
These diameters have to do with disease resistance, color of comb 
cappings, size of body parts, constancy of color markings, disposi- 
tion, and swarming propensity. Because of recent work that shows 
the feasibility of accomplishing the insemination of queen bees by 
laboratory methods, the breeder is now in a position, however, to 
utilize the diameters already available in the ggrm plasm of bees 
and to start at once toward die goal of breeding bees better adapted 
to present agricultural demands. It would be a great and perhaps 
not impossible adiievement to breed a bee with the long tongue of 
the Caucasian, capable of reaching sources of nectar not now avail- 
able to most honeybees; the gendeness of the Caucasian and the 
CamioUm; the white comb capping made by the blade bee and the 
Camiolan; the reduced swarming tendency, and the resistance to 
ernnmon hive enemies and European foulbrood, of the Italian; die 
uniform marking of the Cyprian; and the industriousness of the 
Italian or Cyprian. 
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1926 of tho Watson teclininuo for tho artificial insemination of queen 
bees through the transfer of sperm from drone to queen by means of a 
microsyringe (fig. 2), the bee breeder was forced to trust to luck in 
his work, because he had to rely on chance natural matings in midair, 
since in nature the honeybee mates only while on the wing away from 
the hive. A successful method for obtaining natural matings of 
queen and drone in confinement still remains to be developed. 

Another reason for the back- 
wardness of bee breeding is tho 
fact that only since tho application 
of biometric methods in studying 
the body parts of individual Sees, 
a development of recent years, has 
progress been made in working out 
a method whereby the breeder 
can readily identify the race or 
strain with which he is working. 
Mendel, the father of modem 
genetics, lacked a means of dis- 
tinguislung between strains when 
he endeavored to work out prob- 
lems of bee genetics in addition 
to those of the frenetics of peas, 
which brought him fame (9, pp. 
m-157).^ 

The first investigator to make 
Fifftre 2.— L. R. Watson, who develoi^ a comprehensive biometric study 
the Watson method for the artificial in- of the honeybee was Kozhevnikov 
semination of queen bees, seated at hu. endeavored tO 

instruments. separate the various races on the 

basis of physical measurements made with the aid of a microscope. 
He included such measurements as hooks on the wing, tongue length, 
length of leg segments, length of abdominal segments, length of wings, 
and the like. Since that time Russian investigators have been 
particularly active in this field. 

However, the problem of checking differences between various 
crosses, strains, and races of tho honeybee on tho basis of the physical 
characteristics of individual bees, or even of the productivity of 
colonies, and then utilizing the results in breeding, is far more com- 
plicated than with other farm animals. This is diie not only to the 
small size of the honeybee, but also to the fact that honeybee pro- 
ductivity represents the collective efforts of the thousands of individ- 
uals making up a colony. It is even hard to define a standard colony 
for purposes of any comparative experiments, since, even under the 
same natural conditions outside the hive, within the hive the physio- 
logical ages of the individual bees differ. Furthermore, the honeybee 
cannot carry on its Ufe functions indefinitely in confinement, as can 
cattle, poult^, rabbits, or even pigeons. 

Advances in scientific bee brewing are also limited by the variety of 
demands on the breeder. Queens must be reared and tested ; drones 
must be reared; mating of queen and drone must be accomplished; 

I Italic number! in lonnthMli refer to Litereture Cited, p. 1837. 
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proeeny must be tested for colony cbaracteristics and production, as 
well as for p^sical characteristics of individuals; and results must be 
eyalua^. The scientific breeder should possess a working knowledge 
of the biology of the honeybee, including an intimate knowledge of its 
vanous races and strains, and of genetics, biometrics, and supple- 
mentary fields as well. In short, he should be a combination bee- 
keeper, laboratory technician, biometrician, and geneticist, or know 
how and where to utilize the services of specialists m the various fields 
involved. 

Another situation faced by the bee breeder is the fact that worker 
bees cannot be bred, and the <)ueen and drones, mating but once in a 
lifetime, cannot be used in line breeding involving parent-offspring 
crosses. Furthermore, since queen and dronefunction only in 
reproduction, progeny tests— in other words, the collective colony 
benavior exhibited by the worker progeny — ^must be relied upon 
exclusiyeljrlh testing the inheritance of ^e queen and drone for such 
economically irnportant characters as honey gathering, wax secretion, 
pollinating activity, and the like. Even when a parent queen is 
bred pure for the same color factors as the drone with which she mates, 
her color pattern may differ from that of her worker daughters, since 
in some races, the Italian being one, the causes that le^ to the 
development of worker structures in a larva, with a resultant arrest 
in the development of its reproductive organs, also lead to a modifica- 
tion of its color pattern. 

MORE KNOWLEDGE REGARDING REPRODUCTIVE 
PROCESS NEEDED 

The advantageous employment of present mating methods, or their 
improvement, whether natural or artificial insenunation is involved, 
win be facilitated when the physiological processes preceding and 
accompanying mating are better understood, since much remains to 
be known regarding the conditions most favorable for mating. For 
example, the consensus of opinion is that the queen mates when about 
a week old or shortly thereafter, but a queen 56 days old has been 
artificially inseminatira with success. A knowledge of the external 
signs, U there are any, that queen and drones are ready for mating 
should go far in increasing the usefulness of methods of artificial in- 
semination and also be of advantage in work involving natural in- 
semination. 

As a matter of fact, until recent years little was known about repro- 
duction in the honeybee. Knowl^ge that drones are produced from 
unfertilized eggs (parthenogenesis), at least in European varieties of 
the common honeybee, dates only from the middle of the last centuiy, 
and ori gin of queen and worker and the fact that the queen mates 
on the wing outside the hive has been known for only about 160 years. 

More has been done in studying the mating processes in ^e drone 
than in the queen. The most complete study on the drone is that by 
Bishop (4), who found that usually the drone is not sexually mature 
until the ninth to twelfth day after emergence, but that some dronra 
are apparently incapable of mating at any age. Bishop also found the 
function of the mucus, which the male organ contams m addition to 
sperm. During mating the sperm is merely transferred from the 
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drone to a temporary storage place in the vagina and oviducts of the 
queen. The spermatozoa collect within the spormatheca during the 
next few hours and may live there for 6 years or more. While still 
in the oviducts and vag^ina, however, the sperm might all escape 
through the ^nital opening were not this opening filled with the 
mucus from the drone when the last of the sperm has entered. This 
mucus quickly hardens on exposure to air, and tluis forms a tem- 
porary stopper in the genital opening. 

The anatomy and the physiological responses of the queen in rela- 
tion to mating are being studied by Harry Laidlaw, formerly in the 
employ of the Department but now a graduate student at the Uni- 
versity of Wisconsin. This study includes the structure and func- 
tioning of the queen’s genital organs, a subject on which little is 
known, but a knowledge of which is demanded for the further success- 
ful development of methods, not only of artificial insemination but 
even for obtaining natural matings in confinement. Laidlaw has 
found that a menmranous fold arising from the floor of the vagina 
fits so snugly in the genital passage ns to be able to thwart attempts 
to inseminate queens artificially by bis method or perhaps sometimes 
to defeat efforts to insert the glass syringe by the Watson method. 

MATING STATIONS AN EARI.Y STEP IN THE 
BREEDING PROGRAM 

In spite of many handicaps, the bee breeder has not been idle. 
During the period when he was attempting to bring the mating of the 
honeybee under laboratoiy control, he made such use of natural mat- 
ings as he could by establishing mating stations in isolated bee-free 
localities, taking virgins and drones of desired stock there to mate. 
The possibility, however, that the queen may mate with a stray 
drone, even in a locality thought to be well isolated from local bees, 
reduces the value of mating stations in a scientific breeding program. 

The first reported use of isolated locaUties in an endeavor to (mtain 

S ure matings of bees was that by Baldenstein (2) in Germany in 1848. 

ireeders in a number of European countries are now carrying out 
investigations by means of bee-mating stations. In Switzerland the 
association of German-speaking beekeepers has for a number of 
decades conducted a well-supported movement, inaugurated by the 
Swiss beekeeping leader Kramer, to maintain and improve the native 
Swiss bee by having selected queens mate in isolated localities at 
stations stocked with drones of desired strains. The mating stations 
are in charge of personnel from the beekeepers’ association. Bee- 
keepers bring virm queens or oueen c^ells in mating nuclei to these 
stations and take back the matea queens. The method resembles the 
use of community-owned sires in cattle breeding. 

On this side of the Atlantic such stations have not been used so 
much in scientific investigations. The notable exceptions are the 
breeding experiments conducted a number of years a^ in Texas by 
Newell (^1), and those by Sladen (S4), of Canada, in process on on 
island in Lake Ontario at the time of his death in 1924. Even com- 
mercial queen rearers have made little use of mating stations, because 
in this country isolated locations free from wild swarms or colonies 
of neighboring beekeepers are not easily accessible to most queen 
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rearers.^ ^ Colorado, however, a strain of the Caucasian race was 
maantained for at least 25 years through natural matings in an isolated 
locality (I, p. 40). Certam commercial queen rearers in this country 
have attempted msofar as possible to duplicate conditions found in 
an ideal matmg station by endeavoring to rid the territory in the 
immediate vicinity of their matmg yards of undesirable colonies of 
bees. Their methods have consisted of buying up colonies found in 
the neighborhood, requeening colonies nearby with desired stock 
free of ^arge, paying rewards for wild swarms, and similar measures. 


OBJECTIVES OF THE BEE BREEDER 


What are the immediate objectives of the bee breeder? He may 
attempt to standardize the various strains now existing that are of 
economic importance. He may even attempt to develop strains 
that are more gentle, more disease-resistant, capable of carrying 
larger honey loads, or capable of flying longer distances than strains 
now available. He may attempt to develop strains with tongues 
long enough to secure nectar from floral sources not now available 
to the honeybee. For some regions it would seem desirable to develop 
strains that fly at lower temperatures than do bees now commonly 
found in the United States. This is of particular importance to 
those interested in bees as pollenizing agents. 

The breeder need not await the occurrence of mutations, or an 
exhaustive survey of existing strains, to find some definite character 
of economic importance with which to begin work. On the contrary, 
he is able to start at once toward his goal, a bee better adapted to 
present agricultural demands, since not one but several desirable 
characters have already been identified among the varieties of honey- 
bee now used in the apiarv'. Other desirable characters may exist, 
while still others are to be expected from future mutations occurring 
either natiirally or under experimental conditions. 

Wliat are tfie characters in the available germ plasm with which 
w'ork may be begun immediately? They are related to disease 
resistance, color of comb cappings, size of body parts, constancy of 
color markings, disposition, swarming propensity, and the like. For 
instance, the breeding of a bee in which are incorporated the long 
tongue of the Caucasian, the gentleness of the Caucasian and the 
Camiolan, the w'hite capping made by the common black bee and 
the Camiolan, the reduced swarming tendency and resistance to 
common hive enemies and European foulbrood of the Italian, the 
unifomiity of marking of the Cyprian, and the industriousness of 
the Italian or Cyprian would be a big achievement. Some commonly 
accepted w’orker characters, desirable and undesirable, and the races 
in which they are found are given below: 


Cbantcter 

Resistance to European foulbrood 

Fighting wax moth 

Hive cleanliness 

Clinging to frame during manipulation . 
Running on frame during manipulation. 
White cappings on honey 

Water-soaked cappings 

1 88804 *—37 88 


Italian. 

Italian, Cyprian. 

Italian. 

Italian, Cyprian. 

Common black, European brown. 
Common black, European brown, 
Camiolan. 

Cyprian. 
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Character 

Tongue length over 6.76 mm.. 
Tongue len^h under 6.25 mm. 

Long legs 

Uniformity of marking's 

Yellow Bcutellum 

Gentleness 

Viciousness 

Reduced swarming tendency. . 

Excessive swarming 

Propolizing tendency 


Race 

Caucasian. 

Common black, European brown; 
Caucasian. 

Cyprian. 

Do. 

Caucasian, Carniolan. 

Cyprian. 

Italian. 

Common black. 

Caucasian. 


BEE BREEDING IN THE UNITED STATES 
Investigations of the Department of Agriculture 
The Department of Agriculture was a pioneer in providing the 
American beekee]^ with new breeding stocK. It began this work by 
bringiog in bees from Europe in an effort to have better blood than 



Figure 3 . — Multiple set-up devised in the Department of Agriculture for inseminating 
each equipped with a microsyringe and apparatus to bold the queen during the opera 

that represented by the common black bee, introduced about the 
middle of the seventeenth century, and as a result is credited with 
having estabUshed the Italian race in the United States through 
importations made in 1860. 

In 1905 the Department sent a specialist around the world, pri- 
marily to secure the introduction of Apis dorsata Fab., the largest 
honeybee known, but the effort was unsuccessful. At that time the 
Department was distributing queens of the Cyprian, the Carniolan, 
and, more especially, the Caucasian race. Dunng the last few years 
it has given further attention to a study of various races. As a result 
of this work and observations made by beekeepers in general, the 
recommendations of the Department as to an all-around oee for this 
cotmtiT, for anyone other than the bee specialist or fancier, are usually 
limited to the Italian or Caucasian race. 

The Department also led the wa^ in this country in attempts to 
develop methods for the artificial msemination of queen bees. As 
early as 1886, the date when it employed its first full-time specialist 
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in beekeepmg, it wt forth as one of his duties: “To make experiments 
in the methods of artificial fertilization and, if possible, demonstrate 
the best process by wliich the same may be accomplished/^ Some 
slight success vfas reported from this early venture, and a method 
described in which a fine-pointed syringe was employed, as in the 
present Watson method, but this early work was not followed up. In 
1907 the Department conducted unsuccessful attempts to obtain the 
mating of oueons on the wing within enclosures. 

Within the last few years the Department (£S) has greatly simpli- 
fied the technique and equipment for the Watson method, reducing 
the cost of equipment and making it possible to operate on several 
queens more or less simultaneously^ thus increasing the output (fig. 3). 
Some of the special features of this new equipment differentiating it 
from that developed by Watson ere as follows: Only one microscope 
is needed in using a large number of syringes; a cheap and easily made 
manipulator is provide for the microsyringo; the queen is held in a 



glass tube with only her abdominal tips projecting, instead of being 
bound by thread to a sinall wooden block hollowed out to fit her body : 
and the queen’s abdominal tips are spread apart by a pair of metal 
hooks held mechanically insteiul of by forceps held by hand (fig. 4). 
With this equipment the genital opening of the queen can be found 
quickly under the iniscrosoope, and the microsyringe then enn readily 
bo brought into correct ixisition for dischargmg the sperm without 
injuiy to the queen. , , . , 

A durable microsyringe, all metul e.xcept for the minute plunger 
tube of glass tlnvt holds the sperm, has been developed from an auto- 
matic pencil by substituting a fine wire plunger for the lead and attach- 
ing the plunger tube to the point of the pencil. The earlier syringe 
consisted of a piece of glass tubing drawn out to proper shape for 
holding the plunger and plunger mechanism, as well as for attaclung 

the plunger tube. ... x- i • e 

Sperm to fill the syringe is obtamed by causmg partial evereion of 
the drone oigan by pressure on the drone, after wluch the bulb con- 
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taining both sperm and mucus is pulled loose with a pair of forceps. 
With the bulb still held in the forceps, the end contaming the white 
mucus is cut away and the remainder, forming a minute sac contain- 
ing the cream-colored sperm, is slipped over the point of the syringe. 
The sperm is then drawn into the plunger tube. 

The Department has also modified the Quinn-Laidlaw method for 
artificial insemination, commonly referred to as a “band-mating” 



Fifftre 4 . — Separate unit of the multiple aet-up, efaowing queen and microsyringe in 
poairion. The microeyringe differa aomewhat in cmutruction from the original W ataon 
type but worka on the aame principle. A leas fragile microsyringe, all metal except 
for the glaas pmnt and with the movement of the plunger in and out caused by direct 
action, baa since been devised in the Department. 

method, b^ using a glass tube to hold the queen and a small spring 
pla<^ inside her abdominal tips to hold them apart it 4). A micro- 
scope is now used during the process. As when the method was ^t 
developed, the drone is so held by hand as to cause partial eversion 
of its genital organs and is then so placed in relation to the queen that 
the trmisfer of sperm will be accomplished after complete eversion 
has taken place. 

Biometric, data on common races of the honeybee and on the 
progeny -yaiious crosses made by controlled matings are being 
coUectqdt^ the Department to determine racial or stram characters 
of a qVKntitative nature and their behavior in crosses. The data 
collected so far consist mostly of linear measurements of various 
parts of the head, thorax, and abdomen. The specimens are mounted 
on slides imder a microscope and the measurements are made on 
projected images (fig. 6). Thi^e of head parts (fig. 6) include 
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tongue and scapus (the long joint of the antenna). On the thorax 
they cover counts of hooks on the hind wing and dimensions of the 
fore wings (fig 7, A) and hind legs (fig. 8). On the abdomen the 
measurements deemed important are width of the third tei^um (the 
upper surface of the third segment), longest width of third sternum 
(lower surface of third segment) across its left wax plate, and longest 
dimension of the wax 


plate itself. The first 
two abdominal seg- 
ments, because of their 
shapo and lack of wax 
plates, do not lend 
themselves to such 
measurements (fig. 9). 

The size of the fore- 
going {larts i» of eco- 
nomic interest as well 
iis of value in distin- 
guishing races or 
strains, because nearly 
ull of them function 




directly in the gather- 
ing of nectar and pollen 
and in the production 
of wax. The tongue, 
for instance, is of im- 


portance in nectar 
gathering. The_ wings 
are mportant in all 
activities taking the 
bees away from the 
hive. The hind legs 
carry pollen. The ab- 
dominal segments con- 



tain the wax plates, 
and may serve to limit 
the size of the honey sac. 

Characters of a quali- 
tative nature are also 


Figure 5. — Apparatus used in the Department of Agri- 
culture for measuring external parts of bees. A micrem 
eter eyepiece with a movable scale is attached to the 
microscope. 


being studied. These include gentleness, industry, disease resistance, 
and the like. At the present time the Department is eng^ed in a 
cooperative undertaking with the States of Iowa, Texas, Wisconsin, 
and Wyoming, to search for stock resistant to American foulbrood, 
and then to combine the factor for resistance, if any be found, with 


other desirable factors by breeding. 

During the past year the Department has employed ^ a trained 
geneticist for the first time in its beekeeping work. His immediate 
genetical problem is to determine whether heritable factors affect 
supersedure, especially the premature supersedure of queens sold 
commercially. By “supersedure” is meant the replacement of the 
queen by another reared by the colony apparently for that purpose. 
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If heritable factors play a part in this behavior, they may lie in the 
behavior of the queen alone — ^lack of fecundity, for example — or 
they may lie in the behavior of the workers — for example, imdue 
hostility to a queen roared in another colony. 

State Bee-Breeding Work 

Only a few States have been engaged in breeding work. A number 
of years ago Shafer (SO), at the Michigan Agricultural Experiment 



Fiffuv 6. — A, Head of bee, ahowing: a. Antenna; b, gena; r, cIjrMua; and d, labrum. 
Tongue u shown extruded but cut off. 0, Extendra tongue, snowing: a, Submen- 
• tum; 6, mentum; r, ligula; and d, labial paipus. (Drawing by Snodgrass.) 


Station, made an unsuccessful attempt to obtain controlled matings 
of queen bees by natural insemination. The New Jersey Station 
conducted bee-breeding work in an isolated location for a number of 
years in connection with a study of disease resistance. More recently 
the Iowa Station, in cooperation with the American Bee Journal, 
has been engaged in a program to find stock resistant to American 
foulbrood and to breed for this character. The Texas Station is 
endeavoring to breed a bee that will better withstand Texas weather 
and possess greater honey-gathering ability than present strains. The 
CoU^ of A^culture of me University of California is studying the 
coirelation Mtween phyucal chuacters of queens and their prrauc- 
tivity, and is also studyi^ environmental factors that influence the 
d^yelopment of queens. The Collie of Agriculture of the University 
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of Minnesota a number of years ago conducted work on the artificial 
insemination of queen bees by the syringe method, with some slight 
success. In this work, performed by Jager and Howard (10), the 
sperm was diluted with salt solution. 

Merrill (f^), wlule in charge of apicultural work at the Kansas 
State Agricultural College, became the American pioneer in the bio- 
metric study of the activities of the colony as a whole. He attempted 
to correlate honey production with tongue length, size of honey sac, 
and other physical 
characters. A few years 
ago Munro (19), while 
a student at this college, 
made a study of color 
inheritance, using nat- 
ural mating. At pres- 
ent E. J. McNay, a 
graduate student at 
the same institution, is 
making use of the 
Watson method in 
breeding work. 

Work by Privatk 
Breeders 

The outstanding bee- 
brooding work of a pri- 
vate nature is tliat by 
Watson (36, 37), who 
iloveloped the method 
for the artificial inse- 
mination of (jueen bees 
that boars his name, 
and wlio now holds a 
Guggenheim fellowship 

for the study of bee , , r • * • 

breeding. He is making a survey of tongue lengths of various strains 
in an endeavor to develop a longer tongued bee than is now available. 
He is also trving by artificial insemination to perpetuate the Albino 
bee, a mutation of the Italian that appeared m this coimtry about 50 
yearn ago but lias now apparently disappeared except for stock in 
IVatson’s apiary. This bee is marked by an unusually large quantity 
of long gray or white hairs, cspceially on the abdomen. 

Jay A Smith is using the Watson method in an endeavor to breed a 
more yellow and gentler bee. In a private communication be reports 
siicce^ in diluting the sperm with a saline solution before takmg it 

Abo^i^tTs veYmSore the present methods for the artificial insem- 
inata” of qJeTb;? were d’^voloped. Root W 
interest in bee breeding througli publicity . , , have^exceo- 



Fiffire I, Fnmt ^ing of honcjbce, showing: a-b. 
Proximal lenglli iiicasiircd; b -d, distal length measured; 
r, third enbitai cell. It, Cubital cell enlarged to show 
method t»f measuring cubital index (a/fr). (Drawing by 
Snodgrass.) 
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breed bees by natural insemination may be mentioned Ralph Benton 
and Erwin Alfonsus, the latter formerly with the University of 
Wisconsin. 

Balinlrin (p) and Clifford Muth have pioneered in this country in 
the application of ultraviolet rays to young queens, but details of their 
method have not yet been pubushed. An mcrease in egg laying and 


progeny with better dispositions were 
. reported, but it was not claimed Uiat 

modified behavior is transmissible. 

bee breeding in foreign 

^ COUNTRIES 

Numerous foreign workers are inter- 
ested in bee breeding (see the appen- 
dix). The work of the German-speaking 
V ^ beekeepers’ association m Switzerland 
has already been mentioned. Breed- 
ing along the same lines is in progress 
» in Germa^ and elsewhere in central 
^ Europe. Zander (40, p. 193), assisted 
^ by A. Himmer, for years used isolated 
Figure a . — Hind leg of >>orker bee, mating stations to breed an improved 
■bowing meaaurementB made: a, strain of the European brown bee, as 
Length of femur; b, length of tibia; part of the program of the bee-research 
c, length of metatarsus d, width institute at Erlangen. Armbrustor (i) 
of m e t a t a r 8 u ■ . (Draning by another German investigator who has 
Snodgraw.) y^orkcd in this field. 

Gdtze (7), also of Germany, has been engaged in a biometric study 
of progeny of crosses obtained at mating stations. He has reported 
unsatisfactory results in the use of artificial insemination. He places 
considerable reliance upon certain indices, which are based on pro- 
portions involving certam wing cells, as a means of identifying various 
strains with which he works. The — 

most important of these is the cu- 
bital index, which is the ratio of the 


two parts into which the line joining 
the two comers of the third cubitu 


cell of the front wing on the side 
bounded by the cubital vein is di- 
vided when a perpendicular is 
dropped from this line to the Figure 9.— Lateral view of worker •bdo- 


secbnd recurrent vein (fig. 7, B, il- *»»« abdominal aeg- 

lustrates this measurement). “«»«««•« • !«««« t^ thwax 

Ai.v^i.^ww /# aj\ auI T 7 ..:>.w. o. Left end of third abdominal 

J^atov (l,p. 2p,oi the Union ,ternum; 6. left end of third abdominal 
of ^viet S^iahst Repubhcs has ^ (Drawing by Snodgrmn.) 
perhaps made a wider use of bio- 

metrical indices m studying the differences of races or strains than has 
any other invest^tor. Some indices used by him are the proportion 
between width of the first wax gland and width of the sternum that 


contains it, length of the hind metatarsus and width of third abdo- 
minal tergum, length of hind tibia and width of third abdominal 
teigum, length of hind femur and width of third abdominal tergum, 
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oiwvsittv xvjiir, ui ^.z^noBiovakia, has made observations on the 
inheritance of measurable characters of various strains, includLg 
strmn 47 . strain was developed, or rather perpetuated, by the 
Austrian queen breeder Sklenar (SI, «. 5) from a colony that hkd^ieen 
outstandmg m jus ^laiy Skle^r thmks the strain is descended from 
a mixture of the Camidan and Italian races, although the workers 

but occisionally one is 

reddish brown. Rytif (S7) has also studied mheritance of amount of 
coloration on abdominal segments, and has devised a workable system 
for obtammg quantitative data on tliis characteristic 
A few years ago Mikhailoff, of the Union of Soviet Socialist Re- 
publics, reported considerable success with the Watson method. 
J rom the same country also came the Malyschev method (IS). This 
differs from the Quiim-Laidlaw method in that the drone organ is 
first dissected out under the microscope and then placed in position 
in the queen. Prcll (SS), of Germany, working independently, 
reported success with a method like that of Malyschev. 


GEOGRAPHICAL STATUS OF DEVELOPMENT 
OF BREEDING TECHNIQUE 

In the United States successfid methods for the controlled mating of 
queen and drone under laboratory conditions have been developed 
and existing races of the honeybee have been tried out. In western 
pd central Europe workers have made praiseworthy attempts at the 
improvement of bees by selective breeding in isolated mating stations. 
In the Union of ^viet Socialist Republics breeding work has centered 
largely around biometric studios in an endeavor to reduce the char- 
acteristics of races and strains to some sort of mathematical formula 
whereby each cun bo more easily distinguished. Some work has been 
curried out with artificial insemination. 


CYTOLOGICAL STUDIES * 

Too LITTLE is known concerning the cytolo^' of the honeybee. For 
a long time the work of Nachtsheira (20), which seemed to show that 
the diploid number of chromosomes (that of queen and worker) is 
32 and that the haploid number (that of drones) is 16, has been ac- 
cepted as standard. In recent work, however, Sanderson (29) has 
questioned whether Nachtsheim has reported the normal numbers or 
whether they are not 16 and 8 for queen and drone, respectively. 
The characteristic shape of any of the chromosomes has not yet been 
determined. 

Even the type of sex chromosome and the method of sex determina- 
tion in the honeybee are still undetermined. Nachtsheini holds that 
the sex chromosomes are of the X type, the female possessing two and 
the male but one, since the drone arises from an unfertilized egg. 
Likewise the female possesses twice as many other _ chromosomes 
(autosomes) as does the male. Con^quently, jiccordiM to Naoht- 
sheim, sex is determined on a quantitative basis doubling the sex 




1410 


YEARBOOK, 1937 


chromosome and autosome complement results in a female instead 
of a male. This view is not in accord with the theo^ of genic balance 
that is now applied to so many oi^nisms. According to this theory, 
sex is not determined on a quantitative basis, but is the resultant of 
a tendency towards maleness or femaleness in genes of the autosomes 
taken as a group and an opposing tendency in genes of the sex chromo- 
somes. 

In contrasty to Nachtsheim’s thwry of sex chromosomes in the 
honeybee, Whiting (39) holds that in the parasitic wasp Habrobracon 
Quglandis Ashmead, another hymenopterous form in which males 
develop parthenogenetically, the two sex chromosomes of the female 
are of the XY and not of the XX type. Consequently two types 
of haploid males develop, depending on whether they contam a 
single or a single Y chromosome. Outwardly they appear alike, 
but they can be identified genetically. They are produced in equal 
numbers. Of even greater interest, two types of biparental males 
are to be found and these contain either two X or two Y chromo- 
somes. Biparental males, like the females, cariy two sets of 
autosomes, but cannot be distinguished from the ordinary par- 
thenogenctic males unless the parent male possesses a factor that 
is dominant to the homologous factor carried by the homozygous 
mother. 

Whiting (39), basing his conclusions on experimental evidence, 
explains sex determination in Habrobracon by assuming that the X 
chromosome carries the factors F.g while the allelomorohs (J.O) of 
these two factors are carried by the ¥ chromosome. The presence 
of both F and G, classed as “complementary factors” by Wlnting, is 
necessary for the development of a female, otherwise only a male will 
result. The dominants F and 6 would both be present, of course, 
whenever fertilization of the egg represents the union of A and Y, 
since the egg would then carry the factors F.gff.G. The union of a 
sperm and an egg each of wmch has an A chromosome, or each of 
which has a Y chromosome, could only result in a biparental male, 
because in either event the fertilized egg would contam only one of 
the two dominant complementary factors necessary if a female is to 
result. The factors in the one case would be F.gIF.a, and, in the 
other f.Glf.G. Whiting’s line of reasoning would hold, whether F 
and Gf each represents only a single dominant gene or whether they 
are the symbols of a group of dommant genes carried in their respective 
chromowmes (A and F)- . 

Whiting (38) first encountered biparental Habrobracon males in a 
culture headed by a female homo^^gous for orange-colored eyes but 
mated to a male with black eyes, the dominant ccdor. Instesid of all 
the sons having orange eyes, a few resembled the daughters in having 
black eyes. Such males usually proved sterile, although in certain 
instances in which they were mated with females homozygous for 
orange-colored eyes a few daughters were obtained, some with orange 
evM and some with black eyes. A knowledge of whether or not 
Whiting’s results on Habrobracon bold good for the honeybee awaits 
further work. 

The {a<8| that the drone is haploid seems to have led to the impression 
that dronii from a heterozygous queen will be only of two kinds. 
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corrMpondmg to the queen s maternal and paternal inheritance. 
Such a conclusion holds only if one pair of unit factors or linkace 
groups 18 under consideration. For example, normally half the drones 
from a queen heterozygous for color— say, yellow and black— would 
carry the factor for yellow and half of them the factor for black if 
these were unit factors. Her drones would fall into four types 
however, if their inheritance of any two pairs of unlinked factors is 
considered. Thus, if it is a.s.sumed that the characters for tongue 
length and those for color are not linke<l, but that each is determined 
merely by a unit factor, a queen heterozygous for these two factors 
would produce long-tongued yellow drones, short-tongued yellow 
drones, long-tongued black drones, and short-tongued black drones. 
The greiiter the number of pairs of unlinked factors that are under 
consideration, the greater will be the number of types into wliich the 
drones can be classified. 

RESULTS OBTAINED FROM BEE BREEDING 
It is unfortunate that Mendel’s detailed records have never been 
brought to light. His studies were not confined to one race of the 
honeybee, since it is reported (. 9 ) that he worked on the heather or 
piitch bee, the Italian, the Caniiqlan, the Egyptian, and the Cyprian, 
in addition to the native bee of liis region. 

^ Since so much of the ivork concerned the development of a tech- 
nique for breeding the honeybee under controlled conditions, and a 
biometric study to determine mensurable physical characters of 
individual members of a colony as well as characteristic colony 
behaiior marking races or strains, strictly genetic results are scanty 
as yet, and often of a somewhat general nature. 

'f'ho work of the Department has verified the fact that honeybees 
can bo successfully carried from generation to generation by means 
of artificial insemination, seven successive generations having been 
obtained in three seasons’ work. Allowing the queen 16 days to 
develop fr<»m egg to adult, 7 days in which to mate, and 3 more in 
which to begin egg laying, there should theoretically bo a laying 
queen of each successive generation every 26 days, but the normal 
hazards and delays of beekeeping have greatly increased this period 
in actual practice. 

The Department has verified Watson’s feat (37) of transferring 
sperm from the spennatheca of one queen to that of another. The 
queen from which spenn was transferred had been dead for several 
hours. This procedure niakes possible a type of line breeding, involv- 
ing crosses of a drone with his offspring, although on an extremely 
limited scale, because the supply of spenn from the oririnal drone 
cannot be replenished but will be diminished ivhen transferred from 
queen to queen. , , . , 

The work of the Department also indicates that color and tongue 
length can be inherited independently of each other and that each 
race has its own size characteristics, which are inhentable and more 
or less constant within fairly definite limits. Judgmg froni prelimi- 
nary data, some correlation exists between tongue length and number 
of wing hooks, and also between tongue length and length of scapus. 
Gdtze’s statement (7. />. ^£ 7 ) of the correlation between tongue 
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length and length of labial palpi also seems borne out by the work 
thus far. _ n i • 

A hitherto undescribed mutation, involving a yellow coloration on 
the face of the bee— principally on the clypeus, genae, lab^m, and, 
at times, bases of antennae (iig. 6, A) — was found in an Italian strain 
in the Department’s ajiiary formerly at Somei^t, Md., and an attempt 
is being made to obtain a homozygous strain. However, it appears 
to be a recessive character. 

The development of stock especiallv resistant to European foul- 
brood was announced as the result of selective breeding experiments in 
New Jersey (6). In describing the first season’s work of the Iowa 
Agricultural Experiment Station to find stock resistant to American 
foulbrood. Park (84) concluded that variation in resistance to Ameri- 
can foulbrood exists. Some evidence of the inheritance of number 
of e^ tubules has been reported in a private communication from 
J. E. Eckert, describi^ work at the University of California. 

Since the World War an independent breeder, Heniy Brown of 
New Jersey, has developed a light-colored strain, reputed to be very 
gentle, by crossing the Cyprian and Italian races, according to a 
private communication. 

Even years before Brown’s work the “golden” Italian bee, a strain 
with the anterior portion of each of the first five abdominal tergites 
marked Muth a golden band, instead of only each of the first three as 
in the ordinary Italian, was developed in thu country, supposedly 
by crossing the Italian with the Cyprian. This golden Italian, while 
held to be gentle and a beautiful bee, had little repute as a honey 
^therer. Sladen (38) developed a “British golden” by crossing the 
English strain of the common black bee, the Itmian, and the “American 
golden.” By continued selective breeding in an isolated locality, a 
bee was obtained which Sladen claimed combined the hardiness and 
industriousness of the black with the prolificness of the Italian, 
although its area of golden coloration was not so extensive as that of 
the “.^jnerican golden.” No attempt was made to increase the area 
of golden coloration, however, since this character was used merely 
to provide breeding stock with drones of such a color that their progeny 
could easily be distinguished from that of the common black drone, 
which prevailed elsewhere in the locality. 

Jay A. Smith reports in a private communication that in crosses 
obtamed by the Watson method no correlation seemed to exist 
between color and gentleness. 

The reports of the work in Switzerland are of especial interest to 
beekeepers, since rather extensive records are kept shoMring the 
returns from improved (veredelte) stock, meaning that developed at 
the mating stations, as compared with those from ordinary or unim- 
proved st<^k. Thus from 1915 to 1928, according to a survey of 
certain apiaries which contained colonies of botii types of stock, the 
honey crop of the improved stock averaged larger per colony each 
year than that of the unimproved stock, ranging from 20 percent more 
m 1923 to 100 percent more in 1924 (IS, p. SO). 

Mikhailoff (18) used the Watson method of insemination to dem- 
onstrate that the spermatozoa from white-eyed drones are active, 
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and he succeeded m obtaining white-eyed workers and queens 
White-eyed drones apparently do not see and do not mate in nature 
That the gene for w^te eyes is recessive to the normal eye color 
IS shown by the fact that with natural mating a queen laymg eggs 
from which white-eyed drones arise gives only wooers with nonhal 
eye color. 

In the Department apiary formerly at Somerset, Md., half of the 
drones from an Itahan queen that produced white-eyed drones were 
white-eyed and half were black-eyed, a proportion also observed by 
other investigators. A few of the white-eyed drones were seen to 
fly off into the air, but none was seen to reenter the hive. Some, on 
leaving the hives, made short hops or flew in small circles away from 
the hive entrance. In the fall only black-eyed drones were found in 
the liive with this queen. Whether at this season the workers 
removed the white-eyed drones before emergence is problematical, 
since no white-;eyed drone pupae were found in any of the sealed cells. 
A nuinber of. vir^ns were reared from this queen, but attempts to 
inseminate them with sperni from the white-eyed drones were unsuc- 
cessful. One of these virgins inseminated -with sperm from a normal 
drone, however, produced some white-eyed drones. Part of the 
worker progeny oi the original queen were a lighter yellow on their 
abdomens than the ordinary Italian bee. 

As for the inheritance of quantitative characters, Mikhailoff re- 

{ )orted (17) that a Caucasian queen from a colony with a tongue 
ength of 6.9393 mm was mated with a central-Russian black bee ^\^th 
a tongue length of 6.1729 mm, and the resulting cross gave a bee with 
tongue length of 6.705 mm. Twelve percent of these hybrids had 
tongue lengths of 7.0282 mm, this being greater than that of either 
parent race. Two Caucasian queens that were inbred with “brother” 
drones had progeny with shorter tongu^ than those of their worker 
sisters. Other quantitative data are included and, although they 
represent a very scanty number of colonies, they are of interest 
because they are the first stotistical data to be published that are 
derived from controlled crossing of the honeybee. 

Alpatov (/) has concludedas a result of his studies in the Union 
ot Soviet Socialist Republics that, in the area covered, absolute size 
of body and of wings, relative size of the wax gland, and the color 
of the abdomen seem linked. The same is true concerning length of 


tongue and length of hind legs. He (f, p.40) has pom ted out that 
the constancy of color of the yellow and the black races in the 
United States shows that color is an inherited racial characteristic. 

Watson (57) has stated that the albino bee is dominant over the 
common black bee. , , , ^ , j » . 

Newell (5/) crossed yellow Italians and black Canuolans^d found 
yellow dominant. Watson (57) crossed a black vu^gin and a y“k>w 
drone and obtained all black offspring. It may be assumed ^at 
Watson used the common black or Dutch bee. Sladen (55, p. o4), 
in crossing a golden queen with pure black drones, obtamed mter- 
mediate” workers that had black bands on the postenor mamins of 
the second to fifth abdominal termtes, increasing m vndth from 
tergite to tergite toward the rear. The sLxth termte wm black. As 
a matter of fact, the last abdominal tergite is black m all varieties of 
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the European honeybee, no mutation showing: a different color having 
yet been reported. 

In work at the Department (SS) a daughter of a European brown 
bee crossed with a yellow drone produced workers that might have 
been taken casually as a dark strain of three-banded Italians, possibly 
because of the blackness of the posterior bands of each of the first 
three abdominal tergites. Practically the same results were obtained 
later with Caucasians and Italians. 

Mikhailoff {17), in crossing queens of the central-Russian black 
bee with golden Italian drones, found yellow to be the dominant color 
in 90 percent of the progeny. 

Gdtze (8) holds that the yellow scutellum, such as occurs in the 
Cyprian and other eastern races, is the expression of a dominant unit 
factor. He found that a golden oueen mated to a black drone gave 
workers with yellow scutella. These workers, however, as regards 
abdominal coloration, were not golden, but had abdominal segments 
with decided black edges, as in the work by Sladen and the writer. 
Gdtze {8, p. 71) therefore calls the Fi an “intermediate form” and fur- 
ther assumes that a separate gene is responsible for the black edges 
on the abdominal segments. 

Gdtze has found in various colonies both black and brown drones 
as well as some termed by him “leather-colored.” To account for 
these various colorations he assumes a basic color factor, N, which 
requires the presence of an activating factor to give rise to color. He 
assumes that not one but two activating factors or their allelomorphs 
are carried. These are M, a factor for black, and B, a factor for brown. 
B is inhibited by M. When only their allelomorphs bm are present, 
leather-colored mdividuals arise. Gdtze states that m is a factor 
for leather-colored but does not mve the nature of h. A black drone, 
according to this scheme, would nave the genic composition NBM or 
NhM; a Drown drone, NBm; and a leather-colored drone, Nbm. In 
addition, Gdtze found that certain eg^ did not hatch, and he holds 
that they had the genic combination nbm, which he assumes is lethal. 
In an actual count, omitting the supposed lethal cases, he found 1 10 
black, 48 brown, and 21 leather-colored workers. 

Stuck! (55) has su^ested the possibility that certain definite 
excesses or deficiencies from the normal wing venation may be char- 
acteristic of certain strains of Swiss bees, although he postpones 
definite conclusions until more material is accumulated. Like Casteel 
and Phillips (5) and others, he found drones especially variable. 
Rytif {28) reports^ as a result of crossing the Iskra strain of bees from 
Czechosloval^ with the Nigra strain of the European brown bee — 
the latter strain having a lower cubital index (fig. 7, B ) — that the 
lower index is completely dominant over the higher. 

Tlie dominance or recessiveness of certam characters of the honeybee 
that have been reported as heritable is shown below. It is to be 
remembered that most of the data need further confirmation before 
being accepted and that, while numy of the characters luted seemingly 
have little or no direct economic importance in themselves, yet, if 
they happen to be linked with characters of economic importance, 
perhaps wey may ultimately prove of use as an index to the presence 
of such chai^ters. 
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Domtnant factors 

Eyo color normal 

Abdominal marking: 


Albino 

Cubital index low. . 

Scutellum yellow . 

Clypous, genac, and labrum dark. 


Rocessivo factors Reported by— 

Eye color White Mikhailoff (iS). 

Abdominal marking: 

European brown. Mikhailofif (i/). 

Carniolan Newell («i). 

Italian Wataon (Sr, p. 

Common black ..... 

Cubital index high Rytif (^7). 

hcutelluin black Munro (19). 

Olypeiis, geiiae, and labrum Nolan (this arti- 
yellow. cle,p.l5S4). 

T-sc of propolis for sealing Newell (SI). 
creviccB, etc. 


Some crosses in which dominance or recessiveness is not shown for certain 
characters by Fi ^ncration 

Cross Character Reported by— 

European brown X Golden Abdominal coloration G5tze (8, p. 71). 

Common black X Golden ..do Sladen (55, p. 

64). 

European brown X Italian do Nolan (SS). 

Ixmg X short Tongue length Gfitze (5, p. 75). 

Some linked characters 

Characters Reported by— 

Absolute size of body and utngs, relative size of 

wax glands, color of abdomen Alpatov (1, p. 48). 

Tongue length, labial palpi Gotze (8, p. S87). 

Tongue length, number of egg tubules ... Komarov and Alpatov (11). 

Yellow color, light weight (drones) Munro (19). 

Black color, heavy weight (drones) Do. 

Now that a notable advance in the tcohniqtic of accomplishing 
matings has been made, methods for obtaining biometric data have 
been worked out, and germ plasm that possesses a number of desirable 
characters is available, the way appears open for a worth-while 
advance in bee breeding, although quick results should not be e.vpected. 
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FUNDAMENTALS OF 
HEREDITY FOR BREEDERS 


£. N. BRESSMAN, Scientific 
Adviser, Office of the SecreUry t 


The prel^maiy articles in the 1936 Yearbook included some dis- 
cussion of the fundamental nature of genes and chromosomes, but very 
little about Jipw the chromosomes^ the carriers of the genes that are 
the determiners of hereditaiy traits, are distributed among the de- 
scendants of two parents used as breeding stock. This distribution 
occurs in certain genetic ratios, which were first discovered by Johann 
Gregor Mendel and gave the clue to the orderly operation of heredity. 
Before explaining them, it is necessary to consider what happens when 
two reproductive cells unite to produce progeny. 

WHAT HAPPENS WHEN THE CELLS UNITE 
This has been well described by A, H. R. BuUer in his account of 
the discoveiy of Marquis wheat. Buller not onlv understood the 
facts of his science of botany; he had a feeling for its poetry as well. 
The following description is taken from his book. Tellin g how all 
Marquis wheat plants came originally from a single kemeT or seed, 
the offspring of a cross between Red Fife and Hard Red Calcutta 
selected by the famous Canadian plant breeder, Charles Saunders, 
Buller wrote: * 

Pollen dust from some stamens removed with forceps from a few flowers of 
[Red Fif^was placed on the two feathery stigmas of a flower of [Hard Red Cal- 
cutta]. The pollen grams germinated, each grain producing a single pollen tube. 
The pollen tubes, which were exceedingly delicate cylindrical structures, grew 
down the stigmas and made their way, by elongating at their apices, into the 
ovary below. This ovarv was a tiny chamber containing a single ovule or potential 
seed attached laterallv to its wall. One of the pollen tubes, guided by chemo- 
tropic stimuli, directed its course toward the ovule, entered at its mouth or micro- 
pylc, and penetrated into its interior as far as the ovum or egg-cell. The ^-cell 
having been reached, the wall at the tip of tlie pollen tul» liquefied and broke 
down, and from the ojiening so produced there were emitted two exceedindy 
minute dense rounded masses of gelatinous protoplasm known as male nuclei. 
One of these nuclei, carried by forces as yet not perfectly underBto<m, adyanred 
through the general protoplasm of the egg-cell toward the female nucleus situate 
in its center. The male and female nuclei, after coming into contwt, brought 
their affinity for one another to a climax by mingling together and fonmng one 
whole; and this nuclear fusion, this formation of a single nucleus from two ^hera 
of opposite sex, marked toe completion of the act of fertilisation. Witn- 
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out fertilisation, the egg-cell would have • * * withered and died; but, its 
fertilization having been accomplished, a most extraordinary future was opened 
to it. Further development became irresistible, with tlic result that, in the course 
of a few years, its products became in numbers like tlic stars on a clear night, or 
the grains of yellow sand upon a sea beach. 

To round out the description, it is necessary to add that when the 
male and female nuclei fuse, the resulting ^gle nucleus becomes the 
embryo of a new plant. But this embryo is not the whole seed. It 
will l>e noted that there were two male nuclei, only one of which united 
with the female nucleus. But there was also more than one female 
nucleus, for this one was attended by two much smaller bodies known 
as the polar nuclei. During fertilization, these two polar nuclei 
united with the other male nucleus and from this separate union came 
the endosperm, the starchy part of the seed, the function of which is 
to furnish food for the embryonic plant during the initial stages of 
its growth. This union of a male nucleus with two female polar nuclei 
is peculiar to plants, and it accounts for the fact that the male parent 
may immediately impress certain characters on the endo^erm anti 
emtjiyo of the seed — a phenomenon known as xenia. Except for 
xenia and metaxenia, the inheritance from the male parent does not 
appear xmtil the new plant has grown and produced seed in its turn. 

This immediate effect of the two polar nuclei, visible in the endo- 
sperm, is commonly seen in coni. When a pollen grain from purple 
com pure for this characteristic fertilizes an egg cell of white com, 
for example, the resulting seed is purple. In some other seeds, like 
w’heat, the effect of xenia is not evident because the endospemi is 
covered with female tissue known as the pcricaip; but oven though it 
is not always observed, xenia occurs in all seed plants. It might be 
added here that certain other tissues associateef with the seed ma;y 
sometimes be affected in a similar manner by the male parent. This 
happens in the case of date fruits, and the phenomenon, which has 
been called metaxenia, is discussed in the date section of the article on 
subtropical fruits. 

The details of the process of fertilization in animals differs somewhat 
from that in plants although the end result in each case is a new 
indi\'idual which received half of its heredity from the male parent 
and half from the female parent. In animals the male reprociuctive 
cells, known as spermatozoa, are produceil literally by the millions in 
the testes or sex glands of the male. They are microscopic, motile 
cells, which are propelled by long hairlike tails. The lai^er part of 
the head of the spermatozoon is composed of the nucleus, the part of 
the cell that carries the hereditaiy factors. The female reproductive 
cells, known as ova, are produced in tlie ovaries or sex glands of the 
female. They are much laiiger than the male reproductive cells and 
are nonmotile.^ They contain a microscopic nucleus that corresponds 
in size to the nucleus of the spermatozoon. The remainder of the egg 
consists lai^ely of food matenal intended to nourish the young embryo 
until food connections are established with the tissues of the mother, 
or in the case of birds and other forms in which development takes 

> TIm yolk or tbo litn’* on is the true ea; the Femalnder of the contents within the shell ere secreted by 
theg]Midsoftheovfdnctor"egglM(." Most of the yolk consists of food rasteriel. The enis of tnemmah 
ate much smaller than the eczs of birds. Most manunalisn egss are ol a sUe that makes them barely visible 
to the naked eye. 
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place outside of the body of the female food tn * 1 . 

throughout its entire development ’ ^ 

In contrast with plants, the spermatozoon, which corresnonds to e 

plan®, ^re4dy to functmntifert^tion ShoJt hlrthe®r nJ?lL?dSi! 

they move m a s^^ to the innermost part of the reproductive tract 
(the fallopian tubes) of the female, where they are ready to unite with 
the or e^ as soon as they are freed from the ovary. Nonnallv 
only one spennatpzopn enters the egg and takes part in fertilization 
although thousands of spermatozoa surround an egg. When the sper- 
m^zoon enters the egg its nucleus unites with the nucleus of the egg 
and this ]omiM of the two nuclei into a single new nucleus is what w 
knoum as fertilization. The new nucleus, which received half of its 
heredity (genes) from the male parent and half from the female parent 
constitute a«ew mdividual. All animals and plants begin their life as 
such smgle cells. From that point growth proceeds by a continual 
proc^ of cell division and as it proceeds the new cells are formed into 
the tissues and o^ns of the body of the new animal. The processes 
of growth are similar in both plants and animals. The embryo observed 
in the seed of plants is a partially developed plant since it contains 
many cells that arose bv tne division of the fertilized ovule. 

Now we must consider another aspect of those male and female 
nuclei whose union was described by Buller for wheat plants. 

It is generally recomized that the chromosome number for a given 
species is constant. For exanmle, every nucleus in each body cell of 
the Red Fife and Hard Red (Calcutta parents contained 21 pairs of 
chromosomes, or 42 altogether. But the nucleus of each reproduc- 
tive cell — as distinguish^ from the body cell — contained only 21 
chromosomes, not 21 pairs. (This reduction in number occurs when 
reproductive cells are formed, as described by Kempton.)* These 21 
chromosomes in the male Red Fife reproductive nucleus contained a 
complete set of genes capable of reproducing all the Red Fife charac- 
teristics; and the same thing was true for the female Hard Red Cal- 
cutta nucleus. The two joined, promptly lost their individual 
identity, and formed a new nucleus with 42 chromosomes containii^ 
all the genes of both parents, and therefore capable of producing their 
characteiistics. From that ceil came a new plant, the first-generation 
or Fi hybrid* betw^n the two. 

Under ordinary circumstances, if the tw'o parents are pure, all the 
Fi or first-generation plants of the cross are exactly alike, tor each 
individual offspring contains a full set of genes from the mother and 
a full set from the father and it expresses the dominant characteristics 
of both of them. Very often also these Fi hybrid plants are unusually 
vigorous in aig-A or productiveness or other characteristics, especially 
if the parents were considerably unlike one another. This is the well 
known “hybrid vigor” or heteroris, for which several explanations 
have been suggested. 

• KBMnON, J. H. HtUOITT VNDIB THB HICBOBCOFC. U. 8. Dept. Agr. Yearbook 1936. 165-182, lUus. 

* Fi U proDounowl The F atends for fllium or fUlal, depending upon whethw “““ 

or an sd^lve, and the rabecript numerals Indicate which generation Is meant-flrat, second, third, etc. 
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One of these explanations is that all the dominant genes from both 
parents have a chance to express themslves in the hybrids. To take 
an imaginary example, suppose one parent had a dominant gene for 
height so that it was tall, but it hod small leaves because of a reces- 
sive gone. Suppose the other parent had largo leaves because of a 
dominant gene, but that a recessive gene for dwarfness made it a 
short plant. The Fi hybrid would then be tall because of the dominant 
gene for height inherited from one parent, and it wouM have large 
leaves because of the dominant gene for leaf size inheri^ from the 
other parent. A number of such dominant genes might express 
themselves and in combination make the Fi hybrid seem unusually 
vigorous. Or, to consider another characteristic such as disease 
resistance — each parent might have certain dominant genes that 
increase resistance. When all of these genes came together in the 
progeny, it might bo more disease-resistant than either of the parents. 

Another su^ested explanation of hybrid vigor is that it is the. 
result of physiological stimulation, which somehow comes from the 
mi.xing of unlike protoplasm from the egg and the sperm. 

SEGREGATION OF CHARACTERISTICS IN THE PROGENY 
But hybrid vigor is not the immediate point of this discussion. \Vc 
are not concemeil here with what happens in the first hybrid genera- 
tion, but with what occurs in the second generation, which breeders 
caU the Fj. This is well illustrated in figure 1. 

We shall assume that both the original parents have been bred 
pure, and that the Fi generation is then inbrctl or fertilized by its own 
pollen to produce the Fj generation — the grandchildren of the original 
parents. What happens to the chromosomes in the Fa progeny? 

Perhaps this can best be visualized for the present by concentrating 
on a single pair of genes, let us say a pair governing height. Now 
genes have alternative forms, called allelomorjihs or alleles (allelomorph 
comes from two Greek words meaning “alternative form”). Suppose 
that a gene for height in the original male parent was one that made 
the plant tall. Suppose that the gene in exactly the same place, on the 
corresponding or homologous chromosome in the original female 
p^arent w'as an allel or alternate that made the plant short. The 
Fi hybrid would receive both chromosomes, making a pair, with the 
gene’ for tallness in one and the gene for shortness in the other. These 
two genes would be present in every body cell of the Fj. But the time 
would come when reproductive cells were formed, and this would 
involve the separation of the tw'o members of a pair of chromosomes, 
since each reproductive cell receives only one c.hromosomo where there 
were tw'o in the body cell. Thus whenever an original cell divide<l to 
form two male reproductive cells, one of them would be bound to receive 
the chromosome containing the gene for tallness and the other would 
be certain to receive the chromosome containing the gene for shortness. 
If several thousand male reproductive cells were produced by the plant, 
half of them would have the tallness gene, half the shortness gene. 
And the same thing would be true of the female reproductive cells. 

Next this plant is to be self-fertilized; its own male nuclei are to 
join with its own eggs to form the primary cells of Fj plants, the next 
generation. Obviously there could be four kinds of these new cells. 
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the polleh pareht 

Cucurb»a Pg^o 
var. Mammotti Yellow Bush 


(Pollen from flowers 
on. a plant thaf 
produces the above 



These fruits show how the characteristics of both parents reunite 
in various combinations to produce new ty^pes 


Figure 1 . — A croM between two species of cucurbits widely differing in appearance. 
Typical fruits of tbe parental types; the first generation, which ei^bits dominant 
characteristics: and t^ second generation, which exhibits characteristics of both 
parents in various oombinatioas. Tbis is a typical example of the operation of 
Menddism. (Coortesy of New York (Sute) Agricultural Experiment Station.) 


(1 ) A male nucleus with a tallness gene might join a female cell with 

a tallness gene, giving “tallneas-tallness.” „ . v 

(2) A male nucleus with a tallness gene might join a female cell with 
a shortness gene, giving '‘taUness-shortness.’* 
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(3) A male nucleus with a shortness ccne might join a female cell 
with a tallness gene, giving "shortness-tollness.’' 

(4) A male nucleus with a shortness gene might join a female ceU 

with a shortness gene, giving “sliortneM-shortnoM. ^ „ 

Since there are as many reproductive cells that caipr the tallness 
gene as there are reproductive cells that carry tlie shortness gene and 
fertilization of the two kinds of eggs by the two kinds of pollen grains 
occurs entirely by chance, there would be equal numbers of these four 
different kinds of new cells if large numbers were produced. But 
erouD (2) and group (3) above M'ould be exactly the same in effect, 
since each is a tall-short combination. Thus the proportions m the 
total population would be 1 tall-tall to 2 tall-short to 1 short-short. 
This IS a simple Mendelian characteristic, the probable breeding 
behavior of which is expres.sed as a 1 to 2 to 1 or 1 : 2 ; 1 J'fttio. 

Thus the plants in the F. generation are not at all like those in the . 
F, In the F„ all are alike; in the Fj, with exai tly the same basic 
characteristics, there are three different kinds of plants, with respect to 
this pair of genes, and they occur in definite jjiroportions. That is, 
they occur in definite proportions if the population is large enough and 
is considered as a whole. If only a few plants were produced, these 
proportions might not hold; out of any four individuals selected at 
random, there would obviously be a very small chance that one would 
be a tall-tall, two tall-short, and one short-short. But for large 
numbers, the ratios hold well. This might be compared to the fact 
that anv given family may have more boys than girls, or vii e versa, 
but that on the whole the male and female population is about equal. 

Segkeg\tio.n Ratio.s 


This splitting up into several combinations of charai-teristics in the 
second generation is what is technically «*alleil .segregation, ami tlie 

S ' ion in which it occurs is often called Ihe segregating generation, 
tion occurs even in pollen grnin.s as is shown in figure 2. It 
le noted that segregation may occur in the F| if the parents are 
hybrids rather than bred pure. For e.xaniple, if the hybrids in this 
example were the original parents, segregation would b^n in the first 
generation after they wore selfetl or creased. But this would ^ merely 
a change in names; w hat was really the F, woidtl now bo called the Fj. 
It is important to remember, however, that whenever hybrid material 
is used to start with — as it often is in practice segregation is apparent 
in the first generation. In fact, this is the test that proves whether 
the parent material is hybrid or pure. If a breeder taices a plant the 
ancestiy of which he does not know, seifs it, and finds the progeny in 
the next generation segregating into different types, he Knows the 
original plant must have been a hybrid. This is what happens, for 
ex^ple, with ordinary open-pollinated varieties of com. Upon 
hemg selfed, the progeny begins to segregate into types immediatelv. 

Before going on with the discussion of segregation ratios, it might 
be well to consider what happens on further inbreeding of these Fa 
p/snts. We denved three kinds— the tall-tall, the tali-^ort, and the 
short-short. When reproductive cells are formed in the tall-tall 
plant, obnouuy ovenr one of them must receive a tallness gene, since 
there is no other. Thus when such plants are selfed all the descend- 
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orginbnl’ haf ej^tly th? J fS'^fcSTharS^Torboth 

meml^rs of a pw of homologous chromosomes, it is said to be hom^v- 
gous for that character Ordinarily, it will eo on 
that character indefinitely 
as long as it is self^. From 
a genetic standpoint, this is 
what pure breeding means. 

Often the effort of the plant 
breeder is to produce plants 
that, for practical purposes, 
are homozj^ous for all 
characters. Then he can 
continue reproducing them 
indefinitely with the assur- 
ance that the progeny will 
be like the parents. Hb 
basic procedure — though 
there are many necessary 
modifications and complica- 
tions — is commonly the one 
given here. 

But what about the third 
type mentioned above — the 2 . — An eariy effect of a gene on a cbarac- 

plants with the tall-short *“*«*»«“ »bo>m in thews poUen grains from a bot. 
combination in their cells? ^ 

Hprfl wfl bnvn pirnptlv One-half rf the pollen grams are waxy and stain 

were we nave exactly the ^ Jodjn*, while the nsmainder are 

same combination we had atarchy and sUin deep blue (dark). (Courtesy of 
m the Fi. In each cell of Journal of Heredity.) 

this type them is a chromo- 

somo containing the gene for tallness and one containing the gene for 
shortness. One-half of the reproductive cells, then, would get the 
gene for shortness and one-half the gene for tallness. Thus when the 
plants with the tall-short combination are inbred, they again segregate 
m the next generation into 1 tall-tall, 2 tall-^ort, 1 short-short. 
When an organism has two alternative^ genes for a certain character 
in its homologous chromosomes, it is said to be heterozygous for that 
character, as opposed to homozygous. 



Effect of Dominance 

So far, we have dealt only with what are culled the genotypes of this 
tall-short combination in breeding. The segregation in the Fj really 
took the form of 1 tall-tall, 2 tafl-short, 1 short-short so far as the 
actual cells of the progeny were concerned. But it happens that with 
these particular characters of tallness and shortne^ there is a compli- 
cation, namely, that tallness is a completely dominant charactensMc 
and shortness a recesnve. This means tliat when a cell con^ns the 
pene for tallness in one chromosome of a pair and the gene for MortneM 
in the other, the tallness gene will dominate in the growth of the plant, 
and the shortness gene will, as it were, recede into the background. 
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We know that the coll actually contains both genes, but the plant does 
not show it so far as appearances ^o; it is a tall plant. In breeding 
terminology, its phenotype, which literally moans its appearance type, 
is tall; its genotype, which literally moans its breeding type, is tall- 
short. The genotype <lesignatos the actual genic constitution regard- 
less of expression. The plionotypo is the type that results from the 
interaction of the genes among themselves, as well as with the 
environment.^ 

Thus in this case the phenotypic and gonoty]>ic ratios are not the 
same. All the plants with the tall-tall conibination in their cells will 
of course be tsdl, but so will all the plants with the tall-short combina- 
tion, because tallness is dominant. So far as the phenotype is con- 
cerned, then, the ratio becomes 3 tall plants: 1 short plant (the one 
with the short-short conibination). This also is a simple phenotypic 
ratio, which is really only a modification of the genotypic 1:2:1 ratio 
and is produced whenever complete dominance is involved. Where 
there is no complete dominance, the segregation of the phenotype as 
well as of the genotype, is 1 :2:l. This occurs, for example, when the 
hybrid pink four o’clock, a flower, is selfed. The progeny segregates 
in the ratio of 1 red :2 pink :1 white." Red in tins case is partly domi- 
nant, but not enough to make plants with the red-white combination 
red in appearance. They are pink instead. 

Another ratio that is a variation of the 1:2:1 was obtained by 
CuSnot, crossing yellow and black mice. The dominant gene, desig- 
nated Y, produces yellow, and its allel, ?/, produces black.^ Now it 
happens that when a coll received the homozygous combination YY, 
it could not live; that is, tliis gene wjvs lethal for any cell that received 
it in both chromosomes of the pair. With only ene Y, however, the 
cell could live. Thus in the segregation 1 YY:2 Yr/’A yij, the ITY 
perished, leaving a ratio of 2:1. Since yellow (Y) was dominant, the 
phenotypic ratio was 2 yellow mice (Vy) to 1 black mouse (yy). 
There are many lethal genes in animals and plants that would give 
the same sort of results, but in most cases the Icthals are. reccssivcs 
rather than dominants. 

Such ratios are useful to the breeder in two ways. If lie knows that 
a certain character is governed by a single pair of genes, he can tell 
what proportion of each type he will obtain in a large segregating 
progeny. When he does not know how many genes are involved in 
a certain character, he can find out, or obtain an estimate, at least, by 
figuring the ratio in the segregating progeny. If the character segre- 
gation IS 1:2:1, he concludes he must bo <lealing with a single pair of 
genes and that complete dominance is not involved. If it is 3:1, he 
assumes it is a single pair of genes involving complete dominance. If 
it is 2 : 1, he knows it may bo a single pair of genes, and that one of the 
alleles in the double condition is lethal. 


‘ KnowledRe ol ..... 

Um first Tsports of tbo latter was inade by Corren.<*— Oarnian botanist and oi 

del’s oilsiasl paiier— worklriK with the hybrid pink four o'dorks mentioned. There Is no yene (or pink, 
bat tbe color b prodaoed by the interaction of the whitenesi and tlie mflneea Renee In the game cell. The 
wmeieeult la obtained in the blue A ndaluxlan fowl, which to produced liy crossinR a xpla-shed white wllho 
blade. The segrecatlon In the K> to li|>buhedwhlte:2 blue: 1 black. Thh ratio also oecun in coramerdal 
doubla camatione. produced by croninR tbe banter and tba single varieties. 

7 Tbe genetic fomntotoaomewhatelmpilfled. ThedeelRnatlnn to In accordance with the practice ufilastg- 
nating a receeslve gMtbby a lower-case letter and ita dominant atlel by the same letter oapllalluil. 




combinations of these v|; 
two charactemtics, 
would be like this; i 
Parents: Tall -tall | 
red-red X® dwarf- 
dwarf white -white. 

The first parent indi- 
cate here would pro- 
duce only gametes 
(germ cells) carrying 
genes for tall and red, 
wl^e the second par- 
ent would produce 
only gametes carrying 
genes for dwarf and 
white. The progeny, 

F„ of course, would 
carry both lands of 
genes, that is, geno- 
typically they would 
l)e tall-dwOT red- 
white; but in pheno- 
typic appearance they 


I 

Fit tall-dwarf red- 
white X tall-dwarf 
red-white. The gam- j 
etes produced by each , 
of the parents here , 
would De of fo^ , 
kinds— tall-red, tall- 
white, dwarf-iw, and 




oa tL«e e-n of com. It y«H ^ 

them is not only a ^ tS^mds. 
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dwarf-white. These four kinds of gametes would unite by chance to 
give^ the various Fj progeny. Possibly the best way to show the for- 
mation of these F 2 genotypes is by what is commonly known as the 
checkerboard square, presented below. The gametes produced by 
each parent are shoAvn at the top and side of the checkerboard square. 
The genotype of each of the progeny formed by the union of all 
the different kinds of gametes is shown within the squares. 

F.: 

Parent (Kanielos) 

TJt Tr in tr 


rrnit 

TTRr 

THilt 



Progeny (zygotes) 

This Fj checkerbonnl sipiare adds up to the following genotypes: 
1 taU-tall red-red: 2 tall-tall red-white: 2 tall-<l\\nrf red-red: 4 tall-dwarf 
red-w’hite: 1 tall-tall white-white: 2 tall-dwarf white-white: 1 dwipf- 
dw'arf red-red: 2 dwarf-dwarf re<l-whife: 1 dwarf-dwarf white-wliite. 

But tall is dominant to dwarf and red is dominant to white; that 
is, every plant with the tall-<lwarf combination in its cells would be 
tall in appearance, and every plant with the red-white combination 
would have red flowers. Thus in the Fj, the segregation from the 
standpoint of phenotype or apiiea ranee wouhl be: 

Tall red — 9 (1 tall-tall red-rcd + 2 tall-tall red-wliito 1-2 tall-dwarf red- 

rcd-1-4 tall-dwarf n*<l-whiti*). 

Tall white — 3 (1 tall-tall whitc-white-1-2 tall-dwarf wliito-wliiU!). 

Dw'arf red — 3 (1 dwarf-dwarf red-red+2 dwarf-dwarf red-white). 

Dwarf white — 1 (dwarf-dwarf white-white). 

This 9:3:3:1 is the basic phenotypic ratio when two indepen<lentlv 
inherited dominant genes with their two recessive alleles are concerned. 

Modifications or Basic Ratios 

The basic ratios arc modified in various wajrs. Interaction between 
the genes accounts for many of the modifications. It will be enough 
here to analyze five of the most common of these modifications through 
interaction. 

(1) One dominant gene may have no visible effect unless a member 
of another pair is present. There is an example of this in com, in 
which many color genes have been identified by R. A. Emerson and 
his associates at Cornell University. The dominant gene R governs 
red color, and its recessive allel r produces white. The dominant gene 
Pr produces purple, but only if R is present; otherwise it has no 
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^pppse we have com mth the genes r and Pr (expressed as 
r Pr). This M because, though it contains the gene fov purple, 
Pr, It does not at the same time possess R. Let us cross this^th a 
vanetv contemiM the genes P pr, which is red because it contains the 
B without the Pr t^t would modify it. Since the F, would have all 
the genes from both parents, its constitution would be P r Pr ©r 
It would be purple because it would have both P and Pr The eeno- 
types would work out in the 9:3:3;1 ratio already given— that is- 


9 R-Pr-* (purple, because R aud Pr are both present). 

3 R-^pr (red, because R is present but not Pr). 

3 rrPr- (white, b^uM though Pr is present, it has no effect without R) 
1 rrprpr (white — double recessive). 


Thus the phenotypes add up to 9 purple: 3 red: 4 white, and we get 
9 :3 :4 as the typical ratio for this kind of gene interaction."* 

(2) Sometimes two dominants have a complementary effect on 
one another, but neither exerts any visible influence alone. Again 
we may turapflo com for an example. The dominant gene C and the 
dominant gene P produce colored (red or purple) kernels if they are 
both present, but neither has any effect alone. The recessive aUeles, 
c an<r r, produce white. Suppose we have a variety with the com- 
position CCrr, which is white because only one of the dominant genes 
IS present, and another variety ccPP, white for the same reason. 
The Fi contains the two dominants and the two recessives — Ce Pr — 
and is therefore colored. All the possible combinations would give 
us the following genotypes in the Fj: 


9 C-R- (colored, because both dominants are present). 

3 C-rr (white, because only one of the dominants is present). 

3 ceR- (white, because only one of the dominants is present). 

1 cerr (white— double recessive). 

Here the phenotypes add up to 9 colored: 7 white, and one concludes 
that 9:7 is the typical ratio for this kind of interaction.** 

(3) Sometimes one dominant hides the effect of the other when 
both are present. In oats, the gene O produces a gray seed coat and 
the gene B a black seed coat, but the effect of & is always hidden 
if P IS present. The gene Y produces a yellow seed coat, but onl y if 
neither B nor 0 is present. Suppose we cross a variety BBQGYY 
(black because B hides O and F) with a variety bbggYY (yellow 
because Y is present but not B or G). The Fi is BbOgYY and is 
therefore black. AU possible combinations would give in the Fj: 


9 B-O-Y- (black because D hides 0 and Y). 

3 B-qgY- (black because B hides Y). _ ^ 

3 bbO-Y— (grav because O can show its effect withoutB). 

1 bbggY- (yellow because Y is present without B or G). 

This gives a phenotype ratio of 12 black, 3 gray, and 1 yellow 12 :3 : 1 
being the typical segregation for genes interacting m this way. 

(4) Sometimes wmen there are two domiimuts, one acte as an 
inhibitor of the other. For example, in com, P produces red kernels ; 


•ThssmaU dasb (-) In ttas tyinbol stands tor tbe pwwnw ^ 

also sonowtiat sbnpIiBad in the senetic formula. 
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r white kernels; / prevents the action ol R;i has no effect. Stated in 
another way, the recesavo (-ii) must be present to allow the gene R 
to be effective. Suppose a variety rrii (white, the double recessive) 
is crossed with RRll (also white because, though R is present, it 
is inliibited by I). The genotype of the Fj is Rrli and is wmte. 
The F 2 segregates as: 

9 R-I- (white because I inhibits R). 

3 R-ii (colored because R can act with t). 

3 rrl- (white because R is not present and also because I is present). 

1 rrii (white because R is not present). 

The phenotypes hero add up to 13 white: 3 colored.’* This 13:3 
phenotypic ratio is commonly called the inhibitor ratio, and the larger 
number always represents the gene that acts as the inhibitor. 

(5) Finally, there may be two dominants, each having the same 
effect as the other, or as both of them together. In the common 
shepherds-purse, the seed capsule is triangular in shape if the domi- 
nant gene C or the dominant D is present — and also if both are 
present. If both the recessives of these genes, c and d, are homozy- 
gous, the seed capsule is top-shaped. Dr. Shull of Princeton crossed 
a variety cedd (top-shaped) with a variety CCDD (triangle-shaped). 
From the triangular Fj (CcDd) he obtained in the F 2 : 

9 C-D- (triangular — both dominant genes present). 

3 C-dd (triangular — one dominant gene present) . 

3 ccD- (triangular — one dominant gene present). 

1 cedd (top-shaped — double receasive). 

This adds up to 15 triangular: 1 top-shaped, ^ving a 15:1 ratio. 

Other modifications of the ratio for two pairs of genes are: 9:6:1, 
4:ir.l, l:ll:4, 7:4;4:1, 1:7;4:4, l:8:4:2:l. 

\Mien three genes with their alleles are involved instead of two, 
the ratios become still more complicated,‘*_aml tliey will not be illus- 
trated in detail here. The basic phenotypic ratio in the case of three 
pairs of genes is 27:9:9:3:9:3:3:1. If the genes are considered ns 
ABC and abc, this ratio is 27 ABC: 9 ABc: 9 AbC: 3 ^* 160 : 9 aBC: 
3 aBc: 3 abC: 1 abc. Some variations in this basic ratio producetl by 
the interaction of genes are 27:37, 27:9:28, and 63:1. 

With more than three pairs of genes, the ratios become oven more 
complicated, especially if there are complex interactions among the 
genes. It is evident that large numbers of progeny would be needed 
to furnish a population with proportionate representation of all classes. 
This need for large numbers of progeny is one of the difficulties in 
animal genetics, where there is reason to believe that many genes, 
interacting in a vety complex way, are involved in what appears to 
be a simple characteristic such as high or loiv milk production. 

Backcrossi.vc and the Backckoss Ratio 

The backcross ratio is different from any of those previously 
explained. The backcrossing technique consists chiefly in crossing 
an Fi or later progeny back to one of the original parents or to an 
individual recessive for whatever characteristic is under consideration. 

<* In this csss also, tbs gsoss AiAtCan present In sll tbs oorabluatlons, but they can be dlsrettardsd for 
tbs sake of simpUfrinc tbs analj^s. 

» It wUl be noted In tbe above examples that thiee pairs of ftenes are sometimes Involved, or even more, 
bttt only two of them in both the dominant and recessive forms— that is, only two mnes with their alleles. 



Figure 4.— A backcross ratio obtained in a litter from a cross-bred Bcrkshire-York- 
shire sow by a Berkshire Hie. The ratio is 7 white: 6 black with some white. Two 
of the latter type died. (Courtesy of Journal of Heredity.) 

(heterozygous) form in one of the parents used in the backcross and 
(2) to transfer a valued characteristic such as disease resistance into 
an otherwise desirable variety that lacks it. 

Suppose the breeder is dealing with a ^ene B, which produces 
black in Aberdeen Angus cattle and is dommant to its allel b, which 
produces red. He is not sure whether a given black animal is homo- 
zygous or heterozygous, since both BB and Bb produce exactly the 
same appearance. It is necessary for him to know, however, if he 
wonts to go on breeding pure black animals, because if he picks two 
that are heterozygous the progeny wall keep on seCTegatii^ into blaclm 
and reds. In oraer to test the composition of an animal by this 
method, he backcrosses it to a red individual, which, of course, has 
the double receive, 66. In the following generations one of two 
things must happen. (1) AU the progeny will be black, in which 
case he knows that the animal he was testing must have been 
homozygous, with the composition BB; for BB crossed with bb would 
give every offspringa B and a 6, or Bb, which would make ev«y 
RniTOi|.l black. (52)He might get on equal numlwr of blacks and reds, 
in which case he knoiirauiat the imcertain animal must be hetei^ 
zygous, or Bb; for Bb crossed with 66 would give 1 Bb: \Bb: l bb: 1 66. 
or 1 black: 1 red. In the first case, he c^ kwp on using the ^al 
he has cho s en with the assurance that it will breed true. In the 
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second case lie will have to discard the animal and its progeny if he 
wants a herd pure for black. 

Backcrossing, especially with plants naturally selfcd, is seldom 
resorted to for the purpose of determining whether they are homo- 
zygous for a given gene. A few progeny from selfed plants are all 
that are needed for this purpose, and, of course, in self-fertilized 
plants it is much simpler to self a plant, grow a few progeny, and note 
whether they segregate. 

The 1 : 1 is a so-called backcross ratio, and it always appears when a 
recessive is erossetl with a heterozygous indivulual. The backcross 
method therefore can bo used to test tho purity of any stock that 
exhibits a dominant character. Backcross ratios also have been 
worked out for two and three pairs of genes with their various inter- 
actions. For example, in the case of two genes, A and li, with their 
alldles, a and b, a heterozygous plant with the composition AaBh 
crossed with tho pure recessive aabh would give 1 Aa lib: 1 Aa bb: 
1 aa Bb: 1 aa bb. 

The second use of the backcross is to transfer a certain valued 
character to an otherwise desirable variety. Suppose the breeder 
has a plant, A, that has good commercial characteristics but is 
susceptible to a disease, such as bunt in wheat, and a plant, B, that 
is worthless commercially but has hunt resistance, a dominant charac- 
teristic. He crosses them, determines by suitable tests that the 
Fi is resistant, inbreeds tho F,, and finds that the h'j segregates into 
disease-resistant and disease-susceptible plants. lie may backcross 
the F, to A, the double recessive for bunt resistance, and obtain tho 
backcross ratio of 1 resistant to 1 susceptible. A second or third 
backcross may result in successfully retaining bunt resistance and at 
the same time getting all of tho <lesirablo characters of the susceptible 
parent, A. This backcross method is most successful when only one 
dominant factor is involved. \Vlien the resistant rcaidion is recessive, 
the backcross method of breeding is not so successful. 

Tho important thing for the breeder to keep in mind here is that 
B contributes worthless commercial characteristics as well as the 
valuable one of disease resistance, and he must use skill in selecting 
tho particular disease-resistant plants for backcrossing on A. They 
must have as many A qualities as possible, but, of course, lack 
susceptibility to disease. Too much emphasis cannot be placed on 
the importance of wise selection, especially in view of the fact that 
usually many genes are involved in even tho simplest characters, 
rather than one dominant gene as in the above example. 

LINKAGE AND CROSSING OVER 
Although the discussion of ratios has dealt with genes, it should 
be kept in mind that the genes are located in chromosomes. Just 
what genes or chromosomes are, or by what means they exert their 
fateful control over the characteristics of organisms, remains an 
unsolved mystery of science. A chromosome may be thought of as 
merely an aggregation of genes that stick together, like a chain 
composed of a series of links, each somewhat different from the 
others; or as a spiral of protoplasm inclosed in a matrix and divided 
into sections, each section bemg a gene; or, as a package containing 
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genes, like a druggist’s vial containing pills. The point is that genes 
occur in groups; and since they do, all of the genes on one chromosome 
and the charactere controllea by these genes tend to he inherited 
together in what is known as linked-inhentance or linkage. 

Tliis is quite different from the idea held by Mendel, the father of 
modem genetics. One of Mendel’s laws was that all characteristics 
assort independently of each other in inheritance — the theory of 
independent assortment. As a matter of fact, apparently all the 
characteristics Mendel stuped in peas were so located that they did 
assort independently. This was one of the most lucky of scientific 
accidents. If Mendel h^d happened to deal with linked characteristics 
or those involving the interaction of genes, the results might have been 
so complicated that he could not have worked out his clear-cut laws 
with the knowledge then available. 

It was about 1905 when Bateson and Punnett in England dbcovered 
characteristics that did not assort independently but remained 
together in inheritance. As more evidence of this kmd accumulated, 
various theories were proposed to account for it. The one finally 
accepted was that genes for certain characteristics tend to be linked 
together in what were called linkage groups. _ When Sutton in 1902 
showed that chromosomes, the existence of which was known through 
microscopic studies of the cell, play the dynamic role in inheritance, 
it took only one more step to demonstrate that the genes in a linkage 
group are carried on a specific chromosome and the number of linkage 
groups and chromosomes is the same. Cora, for example, has 10 chro- 
mosomes and 10 linkage groups. However, it is not possible by looking 
at a chromosome to tell what genes it contains . The breeder must first 
discover by actual test what characteristics tend to be linked together in 
inheritance ; then he assumes that the genes determining these charac- 
teristics are located in the same chromosome. In some cases, notably 
the pomace fly and the com plant, it has been possible by such breeding 
tests to assign a large number of genes to definite chromosomes. 

But the situation is not so simple as this account might indicate. 
A given gene does not always stay in the same chromosome. Kemp- 
ton’s article in the 1936 Yearbook describ^ how a pair of homologus 
chromosomes become twisted together during the formation of repro- 
ductive cells, and how they may exchange equal portions during this 
process. This is called crossing over, and it is equivalent to saying 
that genes are exchanged between the two chromosomes. Thus the 
original linkage group is changed and a new combination within the 
linLige group is formed. 

Suppose, to take an imaginary example, that on one chromosome 
there is a gene A dete rmining resistance to a certain disease and not 
far from it a gene B determinmg broad leaves. In the coiresponding 
places on the homologous chromosome of the pair, there is a gene a 
determining suscOTtibility to the disease and a gene b determining 
narrow leaves. I^en these chromosomes segregate in inheritance, 
every plant that is disease-resistant will have broad leaves and every 
one that is not resistant will ^ve narrow leaves, since AB are located 
in one chromosome and ah in one chromosome. But suppose that 
in the reproductive cells of one plant, A and a are exchange by 
crossing over. Now Ah will be in one chromosome and aB in the 

188904*— 8T 91 
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Figunt 5.— Moddi of chromoumM (A) btvkoi into "clircmiaUd*” (longitudinal 
seetkHu), Bhowing two waja (B, C) in which the aeotioiu might wrap aromtd one 
another to prodnoe the cnu-overa ahown in D. Tbeee chromoaome modeJa wtee 
prepared by B. B. Newoombe and G. B. Wilaon, ot the Department of GenedcB, 
MeGiU UniTcraitf , Montreal, Canada. (Conrteaj' of Joamal ot Heredity.) 
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otb^i and there will be an opportunity to obtain new true-breeding 
etraina as a xeeidt of these recombinations. Figure 5 illustrates two 
ways in which linkage groups are broken up by crossing-overs. 

If the genes were very close together, the break would obviously 
have to occur within a very narrow range to bring about an exchange, 
and if they were next to each other it would have to occur exactly 
between them. In other words, the closer the genes are on a chromo- 
some the less likelihood there is that a break will occur in the right 
place to make an exchange posable. Geneticbts have taken advant- 
age of this, fact to locate th^osition of ^enes on chromosomes without 
actually seeing the genes. For example, if in a case of linkage 20 recom- 
binations are obtained out of every 100 progeny, the two genes are said 
to be located about 20 units apart on the chromosome, for the num- 
ber of new combinations that are obtained when linkc^e is involved 
depends upon the amount of crossing over^ and this in turn depends 
on the distance of the genes apart. In this case the genes would be 
said to hav^'SO percent linkage, since the degree of linkage is desig- 
nated by the amount of crossing over. Cross-overs are extremely fre- 
quent and they may make breeding operations either more difficult or 
easier, defending upon a breeder’s desire for new combinations. 

It is tl^ physical fact that enables the geneticist to draw maps 
showing the locations of genes on chromosomes. First, by appropriate 
tests he determines that two genes, A and B, are located on the same 
chromosome. Then,_ by breeding mwy progeny, he determines the 
percentage of cases in which there is crossmg over. By getting a 
whole senes of percentages for other genes — C, D, E, F, 0, H, etc. — ^in 
relation to both A or B, he can determine how close these are to the 
genes already located. Without ever seeing or identifying any of 
the genes, he can determine mathematically their relative position 
on the chromosome, and knowing the percentages of crossing over 
between them, he can moke a genetic map of a chromosome showing 
the approximate locations of the genes. Other techniques are avail- 
able for aiding in chromosome mapping. 

Effect of Linkage on Segregation 

The effect of linkage on sepegation ratios may be illustrated with 
the fowl. Landauer and other investigators have demonstrated a 
hnkage between the creeper characteristic, which causes a marked 
shortening of the long bones of the wings and legs (the fowl s^ms 
to creep), and single comb. Rose comb (R) is dominant, and single 
comb (r) is recessive. Creeper (O) is dominant, and normal or non- 
creeper (cr) is recessive. To show how this linkage affects ratios an 
example of an actual cross is given. One parent is normal and rose- 
comb^ (cr er BE), the other is creeper and single-combed (Or er rr). 
The “creeper” parent is heterozygous for this condition because when 
homozygous it is lethal, the enibryos dying at about the seventy- 
second hour of incubation. When these parents are crossed, one-half 

er R 

of the Fi progeny have all four genes and are of the genotype “• 
They are creeper and rose-combed because of the effects of the two 

It This form is UMd in linkaf* itodlM to de'Igwte which gcMs aie liolMd. InUibcaMcruidJBareon 
OM ohroaiotoine and Cr and r on its honudopie. 
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dominantB. Now the Fi’s of this type backorossed on double 
receesives, that is, fowls with single comb and normal wiu^ and legs, 

If the creeper and single-combed condition were assorted inde- 
pendently, we would get the normal backcross ratio — 1 creeper rose 
comb: 1 creeper single comb: 1 normal rose comb: 1 normu sin^e 


cr R 

TTT 

( Normol, rose -comb ) 


X Cr r 

cr r 

(Creeper, single comb) 


HDouble heterozygote, 
creeper* rose comb ) 


cr R 
cr r 

(Normal, rose comb) 


BACKCROSS 


£C_B. 

Cr r 

|(Double heterozyqote 
creeper, rose comb) 


cr r 

(Double recessive, 
normol, single comb) 


NONCROSS-OVERS CROSS-OVERS 

cr R Cr r cr r Cr R 

cr r cr r cr r cr r 

(Normal,rose comb) (Creeper, single (Normal,single comb) (Creeper, 
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Fiffire 6 . — ^Test for linkage between roee-comb and creeper genes. 


comb. But this does not occur. Instead the following proportions, 
as shown by Landauer, are obtained — ^normal rose comb 3,219: 
creeper single comb 3,383: creeper rose comb 15: normal single comb 9. 
In other words, the normal rose comb and creeper single-comb birds 
parental t^pes) are enormously in excess of the number expected. 
The conclusion therefore is that the genes for normal win^ and legs and 
rose comb a^ on the same chrom<»some, and those for we creeper con- 
dition and single comb are on its mate or homologue. When we chro- 
mosomes segregate, the original combination of genes stays together, 
and the few cases of the opposite combination are due to crossing over. 
Without crossing over there could not be a creeper bird with rose comb, 
or a normal one with angle comb. Since 0.36 percent of the progeny 
were of these types, there must have been crossing over between the 
genes on the chromosome carrying the creeper rose comb characters 
and their alleles in 0.36 percent of the gametes produced by the parent 
hetero^rgous for bodi characteristics. This is referred to as 0.36 peiv 
cent crossing over. The matu^ and segregations are shown in figure 
6. The proportions were obtained by Landauer. ** 

>• LMOAVKB. W. ItVBIU OV THB OtUrSB FOWL. Tt mC tlMKAU OF THB OHRAFOB CMXFIB AHP 
■Kouooinirnar.aAMtJMSS: lasg-ato. 19*3. 
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Figure 7. — Plymouth RockXSantam cross, sbowing the barring gene, which is 
sex-linked: A, Barred -nymouth Rock male parent; B, Rose Comb Blaefc Bantam 
female parent; D, first generation; E, F, G, H, second generation. Note that 
barring is dominant (no black birds in the fi^t generation) and a 3:1 ratio is 
obtained in the secmid generation. Thwe are, however, no blaiA males in this 
generation. 
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A special case of linkage of particular importance is the linkage 
associated with sex. Maleneas and femaleness may be considered to 
be characteristics just as truly as any others. If they were determined 
exactly like other characteristics, however, the world would be ve^ 
different than it is. Suppose, to take a hypothetical case, that in 
animRla there was a gene M for maleness and an allel m for femal^ess. 
Whenever a male and a female — MM and mm — crossed, all the prog- 
eny would be Mm. If- M were dominant^ they would all be males, 
and no further reproduction would be possible. If neither gene were 
dominant^ all the progeny would be mue-female, that is, hermaph^ 
dite. Neither of these conditions occurs; instead, in the population 
at large, males and females are bom in approximately equal numbers. 
If sex is determined by a gene, then, it does not operate like other 
genes. 

What actually does determine sex is another of the unrolved prob- 
lems. It is known, however, that in many animals, sex is associated 
with a chromosome peculiarity. In the dog, tiie cat, the pig, the 
cow, the horse, and some other animals it is believed that the female 
has one more chromosome than the male. In these cases the male 
contains all the chromosomes contained in the body cell of the female, 
and in addition one so-called A chromosome — not a pair. The female, 
who has a pair of tliese X chromosomes, therefore always has one 
more chromosome than the male with X. In some species ot Droio~ 
phUa, each sex has a pair of sex cluromosomes, but they are different 
m malea and females. The odd chromosome found m the male is 
designated as Y, so that the female has the composition XX 
and the male the composition XY. In moths and birds, this 
situation is reversed; the male has a pair of sex chromosomes called 
ZZ and the female a single Z chromosome and a W chromosome. 
The effect of a typical sex-linked gene-barring is shown in figures 7 
and 8. 

If sex is determined by a gene (or even a number of genes in com- 
bination) on a sex chromosome, this arrangement would bring about 
a s^^tion that accords with the facts. Let us s^ the female is the 
one homozygous for sex, with the combination XX. The mole is 
heterozygous, with the combination XY. When the chromosomes 
are reduced to form reproductive ceUs, every reproductive cell pro- 
duced by the female has an X chromosome. Out of every two repro- 
ductive cells produced by the male, however, one has an X chromo- 
some and one has a Y. When a female cell met an X male cell, the 
union would ^ve the combination XX, which would become a female 
orgai^m. The female cell that met a male Y would have l^e com- 
bination XY, which would become a male organism. In the WZ 
type of sex determination males are homozygous, ZZ, and females 
heterozygous, WZ. In both cases, males and females would be 
produce in approximately equal numbers in the population as 
a whole. 

On the other hand, it is porable that sex is not determined by a 
gene or genes. One theory is that it is determined by a certain 
Balance between all the chromosomes. There might well be a different 
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Figure 8 , — ^The reciprocal of the croM shown in figure 7: A, Rose Comb Black Bantam 
male parent; B, Barred PlTmouth Rock female parent; C, D, first generation: E, F, 
G, H, second generation. Note that in this cross the Blade Bantam is a male and the 
Flymonth Ro» a female. The color factors show typical sex-linked inheritance — 
alM what is known as "orisa-cross inheritance.” The latter is common in cases of 
sex-linked inheritance. In this cross it te readily seen when the parentd and first 
generation ^pes are compared. The blade cdor of the male parent is diown oaly 
fn the female of the first generation and the barred characteristic of the parental 
female is shoVm only in the male. In the second generation there is an eqnal number 
of Wred and Uack males and females, respectirdy. 
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balance between an organism with one X or one ^ chromosome and 
an organism with two. 

The sex chromosomes do more than determine sex (granted that 
they do that). They also carry genes determining other less unique 
characteristics such as barring, nientioned abore. AH the genes on a 
sex chromosome, naturally, are in a single linkage group, and they are 
associated with sex in inheritance. How does this work out? 

As an example, we might take the type of color blindness in man that 
renders a person unable to distinguish between red and green. This 
is a sex-linked characteristic; it is recessive and its determining gene 
is located on the A' chromosome. Now it has been shown that when 
an X chromosome from a female cell combines with a F in the male 
cell, the result is a male onanism, a son, On the other hand, when an 
X from a male cell combines Math an X from a female, the result is a 
femdie, a daughter. This is another way of sa3ring that a son can 
receive the A chromosome only from his mother. The father’s X 
chromosome, on the other hand, can go only to the daughter. Thus 
if the father’s X chromosome contains the gene for color blindness, 
it Mrill go to his daughter but Mali be expressed only if both father 
and mother transmit color blindness, since the two recessives must 
come t<^ther. A son who is color blind could have inherited the 
trait onfy from his mother, from whom alone he receives the X 
chromosome. 

A sex-linked characteristic, it should be noted, is quite different 
from a sex-limited characteristic. A sex-limited characteristic is one 
that can be expressed by one sex only; genes for it may be contained 
in the other sex, but there is something that inhibits its expression. 
Thus milk production may conceivably be inherited by both males 
and females, but its actual expression is limited to females. Homs 
in Bambouillet sheep are limited to males; presumably there is some- 
thing in the glands of the females that mhibits the expression of 
horns, or perhaps something in the glands of the male that compels 
the expression. 

MUTATION OF GENES AND CHROMOSOMES 
Otheb phenomena in addition to linkage and crossing over affect the 
orderly transmission of a given set of genes to offspring. In a broad 
sense these phenomena may be classed as mutations. Gene muta- 
tions involve a change in one or more genes, and they are now under- 
stood to be caused in any one of a number of ways, as by heat reaching 
the cell at a certain stage of its development, or by radiations oi 
certain wave Imigths. In the latter case, it has been suggested that a 
gene may be altered by a direct hit from an electric particle. In any 
case, once a gene in a reproductive cell has mutated, it is thereafter 
inherited in the new form, unless there is another mutation. It is 
now commonly believed that many, perhaps most mutations, are 
faannfuL to the organism. 

Polyploidy brings about similar results. This is an increase in the 
n iimlw r of chromosomes in the cell, beyond the number that is normal 
for the pwrtioular organism. Polyploidy frequently occurs whoi 
oiguusms o^y distantly related are crossed. Presumably some or all 
oi the chromosomes from the two parents are so unlike that, they Sre 
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unable to join in pairs, with the result that the number cannot be 
reduced in the regular way when reproductive cells are formed. The 
unpaid chromosomes are then left over to increase the regular num- 
ber in the reproductive cell. Sometimes there is only one extra 
chromosome, sometimes several, sometimes a whole extra set, or more 
than one extra set. The phenomenon is treated at greater length in 
Dr. Blakeslee’s article, which appears in a separate of Yearbook. 

Naturally geneticists deal witn other concepts besides Mendelian 
ratios, link^e, sex-lmked factors^ lethal factors, multiple allelomorphs, 
and other phenomena discussed m thin article. They are paying con- 
siderable attention to such things as chromosomal aberrations, trans- 
locations, gene frequency, epistasis, and genetic tensions. As yet the 
real importance of some of these newer concepts is not known. I^me 
may have a profound effect upon our knowledge of heredity, others 
may be of little mportance or may prove to be another way of stating 
something that is already known. 

The innuc^fte of environment on the expression of genes cannot be 
ignored. For instance, in the case of animals it is onfy imder certain 
specihc conditions of feeding, care, and management that genes for 
rapidity and economy of gam, or for high milk production, can be 
fuUy expressed. TaMng production as an example, it is conceivable 
that one strain of dairy cattle m^t have genes that would enable it 
to produce at a high level on a diet that would reduce the production 
of another strain to a veiy low level. In other words, there is no 
universally (mtimum environment but an optimum for a specific gene 
or genes. TWperature and nutrition have been found to produce 
important effects even on such characters as coat color in rabbits and 
rats. In certain kinds of rabbits low temperatures cause new hair to 
come in black, whereas at higher temperatures the hair developing on 
the same parts of the body is white. Thus it is evident that the 
geneticist must consider the interaction of the genes with the environ- 
ment in accurately describing their expression. 

GENETIC ANALYSIS— PLANTS AND ANIMALS COMPARED 
Intknsivk study of one animal form, the small pomace fly of the 
genus Drosophila, principally by Thomas Hunt Morgan and his 
students, has contributed very laigely to the understandii^ of the 
Tu w»Tiani«Tn of heredity. Because of its short life span (it lives only 
13 days on the average), its minute size, which permits hundreds 
of flies to be grown in small vials, its small number of chromosomes, 
and the presence in the species of a large number of different char- 
acters, it has proved to oe remarkably good material for genetic 
study. But even with Drosophila, progress has been made at the 
cost of much painstaking labor, ana probably over 26,000,000 flies 
have been raised and examined with meticulous care by students of 

his species. , , . , , , 

With the laboratory rodents and the fowl progress has also been 
relatively rapid. The manner of inheritance of many traits, such as 
color and various defects of structure and function^ has been dearly 
determined and it has been shown that the types of inheritance inde- 
pendent, linked, and sex-linked) are the same for these forms as for 
Drosophila and many plants. And the masterful analysis by Wright 
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of the resiilts of meny years of inbreeding of guinea ^igs by the 
Department of Agriculture has contributed much to what is known oi 
the consequences of inbreeding, cross-breeding, and various othei 
aystems of mating, in both plants and animals. 

With the larger animab progress has not been so great and the 
mticism is frequently made that genetics has contributed little ol 
importance to animal breeding. Much of this criticism is unjustified. 
While the direct contribution to breeding practice has not yet been 
g^t, genetics has contributed in a large way to an understanding oi 
the basic principles of breeding, and many concepts and superstitions, 
such as telegony (an alleged effect of a sire on later progeny of the 
same dam by another we) and maternal impre^ons, pave been dis> 
carded as a result. It is now possible more readily to eliminate unde- 
sirable hereditary traits from breeding stock. Application of this 
knowledge has been employed especially in the elimination of such 
abnormiuities as lethal conditions, which have been found to be 
inherited to some extent in most classes of animals. 

The way in which the breeder of dairy cattle, for example, is today 
shaping some of ^ breeding methods on the basis of genetic principles 
is greater than is ordinarily realized. Within a period of 10 years 
brwd associations have adopted herd tests for the purpose of securing 
records on aU animals in a herd instead of the best ones only — a 
reoo^tion of the fallacy of selective testing. They are publisning 
dau^ter-dam records for sires in rec(^mtion of the need of determining 
the genetic make-up of outstanding sires. Great emphasis is being 
placed on the sire that has proved through the progeny test that he 
possesses a superior inheritance. Finally, many courses for the study 
of the principles of Mendelian inheritance as applied to dairy cattle 
are now held regularly. 

In a negative way also genetics has contributed to practical breed- 
ing. A knowledge of Mendelian laws has brought an understanding 
of the consequences of the various systems of mating that have shown 
the limitations of selection and certain other breeding practices. 

In plant production it is usually possible to obtain la^e numbers 
of progeny in a relatively short time and at little expense. The segrega- 
tion by classes permits a determination of the ratios between them, 
and this makes it possible to formulate a hypothesis to explain the 
mode of inheritance and the genotype of the parents in a rather con- 
clusive manner for most quahtative and some quantitative character- 
istics. By the application of the principles of Mendelism it has also 
been possible to work out the genetic basb for the more simply 
inherited unit characters in animals, explain the occurrence of unex- 
pected progeny, and predict the frequency with which they may be 
expected in the future. With a background of such information the 
br^er can decide whether he wishes to continue to breed a dam that 
produces progeny meritorious in some such character as conformation 
even though a certain percentage of her progeny have a very unde- 
sirable chitfacteristio and must be culled. 


An understanding of the mechamsm of sex determination was also 
largefy dependent upon genetic discoveries. Cytologistshadpostulated 
the aAk chrofiioBomes as the basic sex-determming mechanism, but it 
rjlUfnni for ^e discovery of sex-linked characters and the genetic 
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analysis of such characters to furnish final proof of the correctness of 
this nypothesis. In poiiltry a largo number of sex-linked genes have 
been studied and the facts obtained from some of these studies have 
been put to practical use in certain crosses to determine the sex of 
chicly at the time of hatching. There is idso some evidence that 
certain genes affecting such characters as maturity and rate of winter 
egg pnmuction are sex-linked, and, if these observations aro sub- 
stantiated, the information should eventually enable the poultryman 
to incorporate these genes more ea^y into bus flock. 

Aside from such rapid-breeding forms m l^oaophila, Mendelian 
analysis with animals in the sense of locating individual genes or finding 
the number of genes that determine a given character will alwf^s be 
more difBcult than with plants, and a complete analysis with the larger 
animals will probably never be made. 

Why Progress in Anibial Genetics Is Slow 

There are^Himerous reasons why animal genetics has not made and 
cannot hope to make as rapid process in working out a complete 
genetic analysis as has been {lossible with plants. Some of these 
reasons will Be discussed below. 

(1) The male and the female are different individuals. Thus self- 
fertibbzation, an important method used extensively in plant breed- 
ing, is not possible in the breeding of livestock. The progeny always 
has genes contributed by both parents, and since ea<m parent has a 
different set of genes this greatly retard^ the rate of production of 
genetically pure forms. Progress in plant genetics has been aided by 
the ability to determine the genotype through the sepegation of prog- 
eny produced by self-fertilization. The mating of brother and sister 
or of a parent to his or her offspring is an approach to the self-ferti- 
lization method used by the plant breeder, but the progeny test, as 
shown in figure 9, is being more and more widely used as a method 
of determinmg the genotype in animal breeding. 

(2) The rate of maturity and breeding is relatively slow. In most 
plants with which genetic progre^ has been made, it is possible to 
obtain at least one generation a year. An animal — for e^mmple, a 
calf — must often be kept 2 years before it produces any pr(^ny. In 
turn, the female progeny must be kept 2 years before it produces milk, 
in case this is the character to be measured. Another year is required 
to get the complete lactation. If the first calf happens to be a female, 
at least 5 years are required to get the first reconl of production on 
dam and daughter. !^rther records on other progeny will be needed 
to determine the genotype of the dam. 

(3) The number of progeny of any pair of individuals is usually too 
small to be sure of the genotype of the parents. Earlier in this article, 
it was pointed out that the genotype of the individual is determined 
by the type of progeny it prepuces. Backcrossing to the homozygous 
recessive strain was found to be the easiest way to determine the 
genotype. Applying this to a dmiy animal, let us assume that dom- 
mance IS invoivM in inheritance of milk yield. If the animal in ques- 
tion were a cow and if a bull cairjring the recessive fwtors were avail- 
able, BO mai^ years would be required to get suflScient milk records 
on the female progeny of this cow in order to have data on which 
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sound conclusions might be based regarding the genotype of the dam 
that the procedure would be impracticable. Moreover, only half of 
the calves would be females^ and not all of these would be raised so that 
milk records could be obtamed for them. 

A case of polled condition in cattle involving a single pair of genes 
will help to explain this, although it should be kept clearly in mind 



Figure 9 . — Brother and airter matings are the closest approach that the livestock 
breeder can make to the selMertilisation method used by the plant breeder. Here 
is shoivn a crosB>bred Beikshhe- Yorkshire sow with pigs by a Yorkshire-Berkshire 
sire. The ratio is 7 white pigs: 2 black widr some white. Both of the latter tjrpe 
died. (Courtesy of Journal of Heredity.) 

that milk production is probably due to several pairs of genetic factors. 
In cattle tne polled conmtion (P) is dominant and horns (p) recesdve. 
Suppose a polled cow produces a polled heifer calf, but in later matings 
pr^uces a homed bull calf (^ple recessive). It is desired to know 
u the genotype of the polled heifer calf is PP or Pp. In the former 
case, the heifer might Mvantageouslv be kept for breec^g purposes, 
but in the latter case, it might be undesirable to do this in view of the 
fact that she would transmit the gene for horns to one-half her progeny. 
Of course, she could be used for breeding purposes and produce no 
homed calves if mated to a PP.sire even though the gene for horns 
would be transmitted to one-half her progeny. 
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After reaching sexual maturity, the polled heifer (P-) is mated to 
a homed bull (^). If she carries homs^ one-half of the calves should 
be homed. If all the calves are polled, it wUl be necessary to produce 
four to six calves to obtain a reasonable degree of assurance that the 
polled heifer does not carry the gene for horns. Here, it has taken 
several years to determine the genotype of the polled heifer for one 
pair of genes, which may be expressed in calves of either sex. Con- 
sider how much more complex the problem becomes when the charac- 
teristic concerned is due to the action of several pairs of genetic factors, 
expressed only by females and not bv them until they have reached 
sexual maturity, as in the case of milK production or egg production. 
Further, a cow that has produced four to six calves will not be available 
very much longer for breeding purposes. 

The case of horns involving the action of only one pair of genes is 
the simplest kind that will be encountered. Suppose we are con- 
cerned with the inheritance of characters behavii^ like comb type in 
fowls. Hem, two pairs of genes are involved. The double recessive 
for both pairs of genes results in a single-combed bird. The dominant 
gene of one of the pairs produces pea comb and the dominant gene of 
the other, rose comb. When the dominant genes are present m both 
pairs, a walnut comb results.^ The ratios to be expected in cases 
where two pairs of factors are involved have been pomted out in the 
previous discussion. At least 16 individuals wmild be necessary to 
represent the segregating groups in the proportion in which they occur 
in the Fj generation. 

Warwick has suggested that inguinal hernia in swine is due to the 
operation of at least two pairs of recessive genes. This characteristic 
does not ordinarily appear in sows, although sows transmit the genes 
for it. To determine whether a sow transmits hernia, it would be 
desirable to mate her with a herniated boar (backcross) and ascertain 
if any of her male pigs were herniated. The ratios expected would 
depend somewhat on the genotype of the sow. If she did not transmit 
both recessive factors, none of the pigs would be herniated. Still we 
would not know whether she transmitted the recessive gene of one of 
the idlelic pairs. If she were heterozygous for one pair of factors and 
homozygous recessive for the other pair — that is, with the constitution 
Aa 66^ne-half of her male progeny from the herniated boar would 
have hernias. If she were heterozygous for both pairs of factors, with 
the constitution Aa Bb, one-fourth of the mole progeny would be ex- 
pected to have hernias. Modifying factors may stiU further compli- 
cate the situation. Therefore, it is usually consider^ advisable, 
instead of testing the individual concerned in a definitely planned 
experiment, to go ahead with the usual breeding operations, and if the 
parents produce herniated p^, to assume that noth parents transmit 
the undesirable characteristics, and discard them so as to elinmate 
the possibility that their progeny will carry an undesirable recessive to 
still more descendants. 

The difference between high and low milk production certainly is 
due to the operation of sevei^ pairs of genetic factors. Estimates of 
different investigators have ranged from 3 to nearly 20 pairs of genes. 
This increases we number of animals necessary to give a complete 
segregating population beyond any possibility of a single pair of par- 
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erit8 producing sufficient progeny to determine the genotype accu- 
rately. With 10 pairs of genes, which has been suggested by Turner 
as the minimum number controlling milk production, 1,04^546 animals 
would be required to give a complete Fj population and 1,024 progeny 
to give a complete backcross generation. Obviously, it is impossible 
to get enough progeny from matings between the same two individuals, 
yet genotypes of a pair cannot be ascertained otherwise. Moreover, 
to allow for chance variations, it is usually considered necessary to 
have at least three times as many individuals as are needed for the 
complete segregating population. 

(4) Animal-breedmg research is very costly. It is much more ex- 
pensive to produce a single individual than would be required in the 
case of a smgle plant. Special care, feeding, management, and ade- 
quate space are required. The progeny of any single mating is small 
as contrasted with the large number of seeds produced by most plants. 
The cost of keeping the numbers of animals needed to work out a 
rather complex ratio involving several pairs of genetic factors is almost 
prohibitive. 

(5) Many of the characteristics of economic importance do not 
readily group by classes. Color, horns, and many of the more obvious 
characteristics are inlierited in a relatively simple manner, but the 
genetic basis for characteristics concerned with the production of 
milk , meat, eggs, wool, etc., is more complex. The genes determining 
milk-producing capacity may act in a cumulative manner, or domi- 
nance may govern their expression to a greater or lesser extent. It 
is probable that if several pairs of genes are involved, various kinds of 
gene interactions occur, which adds to the complexity of determining 
the mode of inheritance of such characters. 

In cases where a laige number of genes are operative in determining 
a quantitative characteristic such as yearly butterfat production, dif- 
ferent genotypes may give rise to the same phenotype. For example, 
with genes A, B, and C, assuming that A was responsible for 160 
pounds; a, 25 pounds; B, 75 pounds; 6, 25 poimds; G, 100 pounds; and 
c, 25 pounds, one might have an individual producing 350 pounds of 
butterfat with the genotype Aa bb Cc, or aa Jib GO. Such conditions 
make the identification of the effect of the different genes veiy difficult, 
if not impossible. When a Inige population is needed in order to have 
representatives of the different types, the difficulties encountered in 
studying quantitative characters, which includes so many of those of 
econonuc importance, are apparent. 

(6) Modifying factors, which play an important part in the inheri- 
tance of many characters, tend to spread the classes so that one grades 
into another. The mode of inheritance of these factors is similar to 
that of the other genes concerned, yet their presence may completely 
change the results obtained. For example, in some poultry there is 
an inhibiting gene preventing the appearance of any color. The 
presence of this gene results in the white of the White Leghorn. Yet 
the White Leghorn may cany many color genes, expression of which is 
inhibited until suitable crosses widi other breeds permit their expres- 
sion in the absence of the inhibitor. In quantitative characters, such 
genes may increase or reduce the expression of another gene, as in the 
case of the relative amounts of color and of white in spotted animals. 
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(7) Environmental elSecta may j»revent the expression of certain 
genes. The characters of economic importance in livestock are in- 
fluenced to a considerable extent by environment. For example, it 
is well known that a dairy cow may not produce up to her inherent 
capacity if she receives an insufficient food supply. To be sure, the 
plant is subject to environmental influences alw, but ordinarily plants 
are placed imder more adequate control, or at least ffie effect of en- 
vironment can be evaluated more easily and at less expense. The 
identiflcation of the role of the individual gene becomes practically 
impossible unless the environmental effects are known and kept 
constant. 

Breeding Programs and the Future of Animal Genetics 

Fortunately there is a brighter side to this picture. It is not neces- 
sary to teow how many genes affect each character nor the effect of 
each individual gene entenng into the flnal expression of a given quan- 
titative chflpriicter in order to make progress in animal breeding. Again 
we may use the inheritance of milk jdeld as an example. We now 
know that the cow that produces 350 pounds of buttenat cannot be 
depended on to transmit the inheritance for that level of production 
to all her offspring. But if a herd of such cows are mated to a certain 
sire and all or most of the daughters produce 400 to 450 pounds of 
butterfat under the same environmental conditions, then.we know that 
the sire possesses a genotype for a higher level of production than did 
the dams to which he was mated. Furthermore, the continuous use 
of sires that have demonstrated through the progeny test that they 
possess a genotype for higher levels of production wiU result in con- 
centrating the factors determini^ the higher levels of production in 
the germ plasm of the herd. ^ (The genotype of the dam as well as 
that of the sire can be determined by the progeny test, but the time 
required is so much greater and the inheritance of the individual 
dam is transmitted to so few progeny that it is much more feasible to 
work through the sire.) Thus progress is made in animal breeding 
by working with the end result of numerous genes, even though the 
number of genes involved is not known, nor the part that an individ- 
ual gene plays in bringing about the end result. 

Research work is CTadually bringing about a knowledge of the extent 
to which some of tlie more common environmental variations may 
influence the expression of a character. In dairy cattle, for instance, 
knowledge is bemg accumulated concerning the effect on production 
of a number of factors, including a^; the use of box stalls as compared 
to stanchions; the number of mukings per day; different ratios of grain 
or the all-roughage ration. Such information helps in evaluatmg a 
sire when, as frequently happens, the dams and daughters did not 
make their records imder entirely comparable conditions, ^ce suitable 
corrections can be made. However, more knowledge is needed to 
solve many of the problems that confront such a system of breeding 
as that outlined above. For example, when a sire is mated to dams 
with a very high level of production and the daughters of that mating 
have a somewhat lower level of production than the dams, it is difficult 
to determine what the genotype of the sire is, unless he has also been 
mated to cows possessing a lower level of production to see whether 
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he raised it or not. Likewise, when a sire is mated to dams with a 
level of, say, 350 pounds of butteiiat and his daughters prove to be 
considerably above that level,^ it is impossible to know whether he has 
a genotype that will enable him to improve the germ plasm of a herd 
of cows with an average level of, say, 600 pounds, perhaps made under 
diderent environmental conditions than the record of the first herd. 

The so-called proved-sire system of breeding progresses most rapidly 
where (1) the sire is mated at an early age to a large group of females, 
so that there is a sufficient number of female progeny to make possible 
the evaluation of his genotype before he reaches too advanced an age: 
(2) there is no selection of the daughters and their dams on the basis of 
high records; (3) records are made under environmental conditions 
that are comparable for both daughters and dams; and (4) environ- 
mental conditions are sufficiently good to enable the animals to express 
levels of production approaching their inherent capacity. 

The difficulties encountered wdth the breeding of larger animals as. 
contrasted with the progress made writh insects, plants, and laboratory 
animals lends support to the idea that it never will be practicable, or 
perhaps possible, to identify the action of each gene in animal breeding. 
Genetic principles may be worked out with laboratory animals or 
insects that may be kept at much less cost and will reproduce rapidly. 
In experiments with laiger animals, the genes will not necessarily have 
to be identified, but evaluations may be made by methods analagous 
to those employed in prO'V'in^ dairy sires in order to determine trans- 
mitting ability. It makes little difference to the dairyman whether 
350 pounds of butterfat is produced because the animal was of the 
genotype Aa bb Cc, aa Bb CC, or what not, except that crosses of strains 
of certain genotypes w’ould be expected to produce animals superior to 
either parent. In practice, it proWbly would be more satisfactory to 
test the complemcntaiT action of the genes from different animals by 
trial crossing rather tnan to attempt to discover the specific ^enes 
carried by each animal and the part they play in determining and 
transmitting characteristics. 

The complementary action of unidentified genes has been success- 
fully used with com. Strains have been inbred to insure that they 
were homo^gous, and by trial and error it has been found that the 
progeny from certain crosses are superior to ordinary varieties. The 
practice of similar methods would appear to offer promise in animal 
breedii^, though experimental evidence will be needed in order to 
determine whether the results would be superior to, or more reliable 
than, those obtained by the proved-sire ^stem. Then too, when close 
inbreeding in animals results in a loss of efficiency in characteristics 
of economic value, as is often the case, the cost of maintaining these 
closely inbred strains for crossing will be much greater than is the 
case with inbred strains of com. Not all inbred strains of com respond 
with marked hybrid vi^r when crossed, and many strains have to be 
crossed in order to find those that result in increased yields. If this 
same amoimt of work is necessary with livestock, the expense of this 
method of breeding appwrs quite formidable, particularly in the case 
of cattle and horses. With smaller animals, like swine, the limitation 
is somewhat reduced and in fact experimental work of this kind is 
rapidly getting under way. 
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With the larger a nima l s it is apparent that breeding progress will 
come about largely through what nught be called a mass determination 
of the genotype. By the application of the progeny test and the use 
of 8^8 proved in t^t manner, it will probably be possible to produce 
strains of animals in the various species con taining combinations of 
^enes that will rive better average production than any strains now 
m existence. This method, combing, perhaps, with some inbreeding 
to produce greater homozygosity of the desired characters, holds great 
promise for the improvement of ell forms of livestock. Progress 
obviously wiU be slow, however, owing to the difficulties that have 
been enumerated. 

That genetics has not contributed more to livestock-breeding prac- 
tice is not surprising. As a science it is less than 40 years old, and 
many of the basic discoveries have been made in the last 20 years. 
But the principles underlying breed improvement have been deter- 
mined, and progress in the future should be more rapid. 'V^^e 
Mendelian^analysis has taken first place in some forms of life, it is 
certain that with the larger animals such an analysis will remain 
secondary to the testing of various breeding systems with the aim of 
synthesizing better and better strains. 



VEGETATIVE 

REPRODUCTION 


J. R. MAGNESS, Principal Pomologist, 
Division of Fruit and Vegetable Crops 
and Diseases, Bureau of Plant Industry 


All of the important fruit-crop plants in the United States, many 
of the ornamentals, a few crops like potatoes, and some of the nut 
and forest trees are multiplied or propagated for commercial production, 
by vegetative means. This means that a new plant is developed 
from a vegetative portion of a mother plant, such as a cutting or bud, 
instead of from a seed, as is the case with most of the cereal, forage, 
and vegetable crops. This fact is extremely imjjortant from the stand- 
point of the principles and methods employed in the improvement of 
fruit crops by breeding. 

As was explained in detail in the article on Heredity Under the 
Microscope, m the 1936 Yearbook, the seed in the ordinary plant 
develops from a single cell, the fertUized e^, which has received in 
the fertilizing process chromosomes from both the female or seed 
parent and the male or pollen parent. These chromosomes transmit 
the hereditary factors or genes from both parents, and the offspring 
that develops from this cell, therefore, inherits the characteristics 
of both. If the germ cells from the two parents carry genes that are 
alike for all characteristics, the plants that develop from the seeds 
will be very similar to these parents. On the other hand, if the ^rents 
transmit unlike genes for various characters, many of the offspring 
will vary widely from either parent because of the effects of dominance, 
recessiveness^ or modifying factors. 

In vegetative propagation the new plant also develops from a single 
original cell. Althou^ the bud or other propagative tissue may con- 
sist of thousands of cdls, at one stage of its development only a single 
cell was involved. This cell carries the same genes as the mother 
tissue from which it was developed, and the genetic characteristics 
of the new tissue correspond to those of the mother plant, except in 
the case of vegetative mutations, to be discussed later in this article. 
From the hereditary standpoint it may be ^d that the v^etative 
offspring of a plant is a part of that plant itself rather than a new 
individual. 

The Winesap apple, for example, originated as a seedling about 200 
years ago. The original tree has probably been dead for more than a 
century. Before that tree died, however, buds taken from it were 
grafted into other apple roots and these buds developed into new 
mdividual Winesap trees, the tops of which are genetically a continua- 
tion of the parent trees. Many generations of trees have been grown 
from this original Winesap, yet the characteristics of the Wmesap 
1450 
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trees and fruits today are but little, if at all, changed from those of 
the or^nal tree. 

Varieties of European wine grapes exist today that are believed to 
have originated several hundred years ago. These grapM have come 
down to the present time practically unchanged in character because 
vegetative portions of the vines rather than the sexual portions or 
seeds have been used for propagating them. The Wjxson straw- 
berry, originated in 1852, is still grown to some extent in Oregon. It 
has been propagated by runner plants ever since its origin and after 
many vegetative generations is today apparently similar m all respects 
to the parent plant. 

CELL DIVISION IN VEGETATIVE TISSUES 
In many respects the division of a cell to form two daughter cells 
in vegetative tissue is quite similar to that described in the article on 
Heredity Under the Microscope for germ cells. Each v^etative cell 
consists of tftd cell wall, the cytoplasm, and a nucleus. The nucleus, 
while the cell b in the resting stage — that is, not in the act of dividing 
—contains numerous chromatin granules, just as the germ cells do. 
In the beginning stages of cell division these chromatin mnules 
collect in threadlike bodies, wliich are the forerunners of the more 
definitely oi^nized chromosomes. These threadlike bodies are 
usually more or less separate, though in some cases they appear to be 
arranged end to end. Later they break up into independent chromo- 
somes. 

At this stage one very important step occurs that does not occur 
in the same way in the genn cell. After the chromosomes are formed 
in the vegetative cell, each chromosome appears to split longitudinally 
into two parts, giving twice the ori^al number. Each of these parte 
appears to function as an independent chromosome. After that, the 
process is like that in the germ cell. The two halves of each original 
chromosome migrate, one to each of two poles on opposite sides of the 
nucleus. These two groups of chromosomes, one at either polej now 
reorganize as separate daughter nuclei, each similar to the onginal 
one. A cell wall is formed between the two daughter nuclei, and there 
are two complete cells instead of the original one. Each of these 
cells, however, has the same numher of chromosomes as the original, 
whereas if they w'ere germ cells they would have half the onginal 
number. 

Apparently the genes, which are the carriers of hereditary factors 
in the chromosomes, are also divided in this process of lonmtudinal 
splitting of the chromosomes, and tlus gives each daughter cell exactly 
the same hereditary factors. If it \rere possible at this stage to isolate 
each dan gh ter cell and develop from it a wholly new' individual, the 
new individuals would be exactly alike genetically and both w'ould be 
exact genetic replicas of the parent plant. 

However, it is, of course, never possible to grow two plants and 
have them exactly alike even though they have exactly the same 
genetic make-up. The final size and shape of a plant depends upon 
two factors — its genetic make-up and its environment. Tt is never 
possible to have exactly the same environment for two mdividuals. 
Variations in nutrition, light exposure, moisture relations, or m other 
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factors in the environment will always make some difference in the 
ultimate development of individuals. Genetically, however, plants 
that develop from these vegetative daughter cells will have tne same 
make-up that was contained in the parent cell from which they were 
derived. 

Buti even in the most nearly perfect mechanism there is always 
the possibility that it may not function exactlv the same in every 
case. Thus in the division of thousands of cells there is the possibility 
that certain ceUs may not divide so as to give the daughter cells exactly 
the same genetic make-up. In the splitting of the chromosomes, for 
example, it might occasionally happen that certain genes would fail to 
split, m which case one daughter ceU might have a certain gene while 
the companion daughter cell might lack it. 

There is ample evidence in tlie horticultural field that abnormal cell 
division occasionally occurs in the vegetative development of the plant. 
"When it does occur, if the cell concerned is one from which major 
portions of the plant develop, a so-called bud sport branch may 
arise, showing a different character, and this sport or mutant may be 
propagated by vegetative means. Thus, in an apple variety a gene 
for fnut color may be added to or taken from a chromosome in a divid- 
ing cell at the tip, giving rise to a “color sport branch.” 

In certain plants shoots arise, not from tlie continued division of a 
single cell at the tip, but rather from the divisions of many cells in a 
group. In such cases the mutant cell may affect only one portion of 
the new shoot. This may represent a sector running throughout the 
length of the shoot, in which case we have what is called a sectorial 
chimera or variation. Buds taken from that particular section will 
develop into plants showing the variation throughout. 

Also, in certain plants mutations occur involvmg only the outer ring 
or lings of cells on the stem. These are termed periclinal chimeras. 
The thornless sports of blackberries are of this type. They reproduce 
true to the thornless type from propagations made from stem tissue as 
tip layers, since in this case the new bark develops as a continuation 
of the old, but not from root tissues, because in this cose all the new 
tissues ori^nate from deep-seated cells that carry genes for thominess. 

These mutations in the vegetative tissues may involve only one gene 
or they may involve severe. Thus, not only color of fruit might 
be mo^ed, but shape, texture, season of ripening, or chemical compo- 
sition^ might be affected by such mutations. At rare intervals a 
doubling of some or aU of the chromosomes may occur without nuclear 
division, followed by regular division thereafter. Such a mutation, 
which produces a permanent increase in the number of chromosomes 
in each cell, often results in marked variations in vigor, fruit size, 
quality, and other factors in the mutant tissue. The variations can 
be reproduced in practically identical form by vegetative propagation. 

It IS noteworthy, however, that in most plants these vegetative 
mutations occur veiV infrequently. Ten thouwnd buds taken from a 
grape variety may develop mto as many individual vines with hardly 
an observable variation tnat can be attributed to a lack of perfectly 
regular genetic reproduction in the v^etative cells. The remarkable 
feature u not that occasional irregular cell divisions occur, but rather 
that the irregularities are so rare. 
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This fwt w of tremendous importance from the standpoint of 
establishing fnut varieties. Once an individual plant is obtained, 
as a result either of hybridization or of selection., it is possible to 
^produce that plant almost exactly by vegetative propagation. 
With seed-propagated plants, on the other hana, before a new varie- 
ty can be esteibluhed it is necessary not only to secure an in^vid- 
ual plant that has the characteristics desired but to follow this with 
selfing or inbreeding until a group of plants is secured of proper 
genetic purity to come true m laige proportion from seed, l^is 
long process of breeding to secure varieties that come true from seed 
is not necessary in the improvement of plants that are vegetatively 
propagated. 

The fact that all fruit varieties are vegetatively propagated, how- 
ever, is not an unmued advantage to the preeder of fnut crops. The 
very fact that individuals can oe reproduced by vegetative maRna 
has resulted in the selection of varieties without any regard to how 
nearly thej^/reproduce true to type from seed. Furthermore, up to 
the present time much less study has been made of the hereditary 
make-up of our fruits as a group than of many of the secKl-propa- 
gated crop plants. We can usually judge what characters will be 
transmitted in inheritance, in the c^e of seed-prop^ated varieties of 
sufficient purity, by the type of parent material. This is not always 
true of vegetatively propagated plants. 

The Northern Spy apple, for example, in its vegetatively propagated 
form is large-fruited. Seed of this variety, however, produces mostly 
smaller apples. A particular variety of grape may be black, yet 
seed planted from this variety may produce white, red, or black 
grapes. The possibilities of our horticultural varieties as breeding 
stock can be determined only by trial. ' In actual experience it has 
sometimes been found that a variety having very valuable character- 
istics when vegetatively propagated does not tend to reproduce these 
characteristics in the seed offspring. On the other hand, certain 
rather mediocre varieties may prove superior as parents for the 
development of improved sorts by breeding methods. 

Most of our tree fruits and some ornamentals are propagated by 
budding or grafting the desired variety on the roots of uie same or 
closely related species. With our tree fruits, these roots are mainly 
developed from seedlings. With grapes and roses, the roots are also 
propagated vegetatively. 

There is much need for investigations in the United States to 
determine the best rootstock to use with the various fruit and nut 
varieties. The use of tlie best rootstocks might greatly improve the 
vigor and longevity of orchards under certam ronditions. For ex- 
ample, peach rootstocks resistant to nematodes in the South and in 
parts of California should result in longer lived and more vigorous 
trees. The development of grape rootstocks resistant to phylloxera 
baa saved the vinifera grape industry of southern Europe and in 
parts of California. The development of apple stocks resistant to 
woolly aphis would be a great a^t to apple growing in many parts 
of the world. The characters of the rootstock are second only to the 
characters of the variety in determining successful production of 
many of our fruit varieties. 
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DO VEGETATIVELY PROPAGATED VARIETIES "RUN OUT”? 
Closely allied to this discussion of the relation of vegetative propa- 
gation to breeding is the question of whether or not such vegetatively 
propagated varieties last indefinitely. It was long held, even by 
horticultural authorities, that after a few generations of vegetative 
propagation^ varieties nadually lose their superior characters, be- 
come less vigorous, ana decrease in value untu they are abandoned 
as commercial sorts. Andrew Knight, of England, probably the 



Figure I . — Potatoes in middle row were propagated from seed pieces infected with 
curly dwarf, one of the potato virus diseases. The rows on each side were propagated 
from healthy seed stock. Virus diseases transmitted by vegetative propagation 
undoubtedly account for the so-called '’running out” of many varieties. 

greatest horticultural authority at the beginning of the nineteenth 
century, believed that varieties “run out” under vegetative propaga- 
tion. Potato growers strongly held to this view until recent years, 
because their varieties appeared to deteriorate rather rapidly. Until 
recently, moat growers of vegetatively propagated plants believed 
that such propagation is a weakenii^ process and that new varieties 
propagated from seed must be developed frequently if vigor, quality, 
and productiveness are to be maintained. 

It IS true that many vegetatively propagated varieties are popular 
for a plant generation or two and then pass out of the trade. However, 
there is no evidence that varieties have become progressively weaker 
owing to repeated vegetative multiplication. In some cases, varieties 
dev^p diseases that may be carried from the mother plant to the 
dauj^ter through the bud, cutt^, or runner plant. This is espe- 
cialfy true of the virus group of diseases, and man;^ varieties may have 
disappeared because of such trsmsmitted infection. A number of 
virus diseases are known that affect potatoes (fig. 1), strawberries, 
raspberries, and other v^etatively propagated plants. An under- 
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standing of these diseases has come only in very recent years. Prior 
to a knowledge of these diseases it was natural that the grower would 
assume that the weakened or malformed plants, resulting from vegeta- 
tive propagation from infected parent material, were “running out.” 
Bj keeping the parent materim for v^etative propagation free of 
disease, such deterioration can be prevented. 

Other varieties are discarded because of changing preferences on 
the part of the consumer or because the plant may not be sufficiently 



Figure 2. — Win«8ap apple trees still vigorous, productive, and producing g<^- 
quality fruit. The leading commercial apple variety of the United States, this variety 
has been propagated vegetatively since its origin almost 200 years ago. 

hardy, vigorous, or disease-resistant to meet now demands. The 
• Early Crawford peach is an excellent example of this. _ This variety, 
which originated about 100 years ago, is still identical with the original 
in all the characters that made it very popular 50 years ap. Today, 
however, it is little grown, d_espite its high quality. Other varieties 
have developed that are heavier yielders, that can be shipped and held 
on the market in better condition, and that are somewhat hardier. 

The Esopus Spitzenburg apple is another example of a very high- 
quality dessert variety that is disappearing from Amenc^ orchards 
because the tree is not hardy and is particularly susceptible to many 
diseases. Yet there is no reason to believe that this vanety as propa- 
gated today is in any way inherently different from the parent tree 
of 150 years ago. It is still a vigorous tree and productive, if pro- 
tected from low winter temperatures and d^ea^s. In contiwti^ 
moat extensively grown apple in the Umtod States today w the Wme- 
sap (fig. 2), which is believed to have originated at least 200 years ago. 
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geneiSly of one particvilar type. For exampfe, ina number of straw- 
beny varieties under vegetative propagation there has been a marked 
tendency to mutate to a yellow-foliage form (fig. 3). Such wholesale 



Fiffire 3 . — ^The yellow-plant mutation (center) in the Blaliemore Btrawbcrry. This 
mutation occurs very iequently in this variety and will result in the commercial 
deterioration of the variety unless propagating material is carefully selected to avoid it. 

mutation has occurred in the Howard 17, or Premier, variety, and in 
recent years it has occurred in the Blakemore. Apparently some 
unstable gene occurs in the make-up of these varieties that develops a 
veiy high proportion of mutations. In certam strawberry varieties 
this has resulted in their passing out of commercial production. 

The Washington Navel orange also appears to develop a rather 
large number of mutations imder v^etatiye propagation. In most 
cases careful selection of the parent stock will permit the maintenance 
of such varieties. Perhaps this marked tendency to mutate, which 
occurs in a very few vegetatively propagated varieties, most nearly 
represents "running out'' in the sense that the term has usually been 
employed. Even m this case, however, the selection of true-to-type 
parent material will usually maintain a variety indefinitely. 




A CHRONOLOGY 
OF GENETICS 


ROBERT COOK, Editor, Journal of Heredity 


The science of genetics as of 1937 has a long and rather involved 
history, which has not proved easy to treat as a chronology. Made 
up as it has been of a fusion of diverse specialties which have developed 
at different rates, a simple chronological listing of discoveries and 
developmenlff necessarily gives a rather fragmentary picture of the 
unfolding of the modem science of heredity. Various plans were 
considered to avoid this difficulty, but the most satbfactory treat* 
ment seemed to be to combine everything in one simple chronology, 
which branches out into occasional summaty paragraphs to suggest, 
Mrithout prohibitive chronological detail, the recent developments, 
and to buttress this with a graphic genetic family tree to give visually 
the relations of the various mam components that have gone to make 
our modem genetic oipinism. The difficulties that have been en- 
countered in determinmg many of the “first discoveries" noted in 
this chronology surest that an exhaustive histoiy of genetics will 
soon be necessary. ' Roberts and Zirkle have recently summarized the 
early publications on plant hybridization, but a connected story of 
the development of genetics as a whole remains to be written. 

The compiler takes this opportunity to acknowledge invaluable 
help and suggestions from a group of about 35 geneticists who gener- 
ously read and commented on a mimeographed first draft of this 
chronolo^. In the time allotted it would have been impossible 
without tliis freely given aid to have done nearly so complete a job 
as is here presented— which remains, it is regretfully realized, even 
with this help, only a very rough sketch. It was the wish of the 
editors to present in this Yearbook a bird's-eye view of genetic progress 
pointing out the important highlights but not m too much detail. 
Without overburdening this chronolo^ with bibliographic refer- 
ences, and thereby reducing its readability to a minmum, and at the 
same time to make available authority for the dates given, a conden^d 
list of references is included. A more detailed bibliography giving 
titles of articles cited and authors in full has been deposited in mwau- 
script form in the United States Department of Agriculture library. 
Copies of this bibliography may be obtained from the library through 
the Biblioform Film Service. It is hoped that this will make all 
references reasonably easily available to ell who are interested. 

BEGINNINGS 

First hybrids were probably of species and varieties of cattle and dogs, 
by Ne^thic people, possibly as much as 10,000 to 25,000 years ago. 
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Several varieties of dogs and of cattle and sheep are depicted on 
E^ptian and Babylonian monuments of 6,000 years ago. The 
bisexual nature of the date palm was also recomiized by the early 
Babylonians and Assyrians 6,000 years aro. Mules are mentioned 
in Homer (B. C. 800) and in Herodotus (fifth century B. C.). The 
writings of Aristotle and other ancients abound in a wealth of observa- 
tions, many, of them confirmed by modern experiments. Unfortu- 
nately they also contain much very fanciful material — descriptions 
of astonishing and highly improbable hybrids between a great variety 
of animals. This very likely meant no more than that monstrosities 
were ascrilted to hybridization, as the ancients generally looked upon 
the process of hybridization with abhorrence. Even angels and 
demons were reported on excellent authority to have produced hybrid 
progeny whose astonishing characteristics were limited only by the 
imagination of the narrator. Theories of heredity were not lacking, 
but facts that might verify these purely speculative fabrications were 
held in small esteem. Vergil tells us that the chosen seed, improved 
through years and labor, was seen to run back, unless man selected 
by hand the largest and fullest ears (Georgies I: 197). Columella 
and Varro also affirm the need for selection of cereal varieties. 
Theophrastus and Pliny discussed sex in plants but reported no 
expenments. 

Allusions to the tendency of “like to beget like" are not hard to 
find in ancient literature. The Middle Ages enthusiastically added 
much to the fables but nothing to the factual background of the an- 
cients. In spite of the lack of theoretical background, animal breed- 
ing, based on traditional methods (“like begets like" and various 
approximations to the progeny test)^ excellently e.xemplified in the 
New Testament aphonsm “by then* fruits ye shall know them", 
(Matthew 7: 20) made very considerable progress. 

That primitive men have'been not only persistent plant breeders but 
fairly successful ones is evidenced by the remarkable progress made in 
plant breeding in many parts of the world. The ancient Chinese are 
credited with breeding superior varieties of rice and hybrid flowers. 
Russian workers have recently published most interesting accounts 
of the wheat breeding on the southern slopes of the Caucasus Moun- 
tains. We have only to consider Indian corn, and the remarkable 
varieties produced by the American Indians, to realize the fact that 
man has been breeding plants from very early times. 

The records left by the Babylonians and E^ptians leave no doubt 
that at least 6,000 years ago distinct breeds of domesticated animals 
were recognized. Certain of the types depicted on those ancient 
monuments bear a remarkable resemblance to modern breeds. E.x- 
ceUent types of beef cattle and of merinolike sheep are to be seen in 
some of these ancient relics, which mark the begmnings of recorded 
history. Jacob's famous agreement with Laban regarding “goats 
that were ringstraked and spotted" (Genesis 30: 35) has often oeen 
cited as evidence of an early belief in maternal impressions. But we 
read in the next verse that Jacob relied on “three days’ journey" 
between Laban’s solid-colored “cattle" and his own spotted flocks, 
and when it is explicitly stated that the rams used were spotted,' it 
is clear that this ancient Hebrew herdsman did not depend entirely 
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on magic to produce results in animol breeding. Early Hindu 
writers also discussed these matters at length. 

While the phdosophers and scholars of tlie Middle Ages were piling 
one improbability on another, at least two great modern breeds were 
being formed — the Arab horse and the merino sheep. The desert 
horse had very remote beginnings, and it had reached or maintained 
such a state of excellence by the Middle Ages that it contributed 
greatly to the development of the horse of today. The EJnglish 
Thoroughbred breed traces to two Arab horses and a Barb imported 
into England about the time of Charles II. From very remote oegin- 
nings the Spanish merino had reached a perfection that gave Spain 
virtually a monopoly of the fine wool weaving industry by the fifteenth 
century. This monopoly was maintained by a strict embargo. 
Through royal courtesy the ban was lifted in 1765 to permit the ex- 
port of merinos into Saxony. Within a few years merinos were ex- 
ported from Spain to several other countries. In 1786 the famous 
merino herd^at Rambouillet, France, was established. Maintained 
continuoi^ly since that time with only one importation of outside 
blood, this herd has formed the basis for the modem Rambouillet 
breed, which today is spread over all the world and is raised in greater 
numbers than any other type of sheep. 

One other “root” of modem genetics also had a very early begin- 
ning. Mathematics was a subject intensively studied in Babylon, 
Egypt, and Greece. Some branches of the science of numbers were 
highly developed among the ancients, although algebra, so essential 
in modem genetic experiments, was not well developed until after 
the Crusades. This early science of numbers formed the groundwork 
for the later development of statistics, probability, and correlation, 
all necessary tools of modern genetics. 

BACKGROUND 

By the beginning of the seventeenth centi^V a new spirit of scien- 
tific skepticism had begun to be manifest. The reaction of common 
sense against the cumidative absurdities of centuries of uncontrolled 
verbalism was reftected in the first stirrings of an age of scientific 
experiment. Nehemiah Grew in 1676 suggested the natpe of ovules 
and pollen. A growing interest in biology culminated in the publi- 
cation in 1694 of Camerarius’ (Germany) famous 50-page letter on 
the sex of plants (De Sexu Plantarum Epistola), which put on record 
convincing evidence that plants are se.\uul organisms. This was 
followed early in the eighteenth centiuy by the production of the first 
artificial plant Iwbrid by Thomas Fairchild (in England a short time 
before 1717). The practical implication of these discoveries is re- 
flected in the founding in 1727 of the seed-breeding establishment 
today world-famous ns VUmorin-Andrieux et Cie. (One of the early 
great successes of the Vilmorins was the development of the sugar 
Met during the Napoleonic era.) In the ne.xt 50 years there was a 
veritable wave of hybridizing. Crosses between more than a dozen 
different plant genera were made by several invptigators and reported 
with varying degrees of accuracy. This period culminated m the 
publication of J. G. Koelreuter’s work (Germany, 1761-66), 
mg the results of 136 experiments in artificial hybridization. This 
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mass of evidence definitely established plant hybridization as a scien- 
tific pursuit. 

At the same time independent progress was being made in fields that 
after 1900 were to have a profound influence on genetics. M. Mal- 
phigi (Italy) was la^g the groundwork for descriptive embryology 
(1650-70). A. von Leeuwenhoek (Holland) was discovering the tiny 
world of the miscroscope, and with his pupU, Johan Ham (Holland), 
in 1677, was the first to see mammalian germ cells (spermatozoa). 
In 1780 L. Si)allanzani (Italy) attempted to demonstrate by artificial 
insemination in dogs the essential part played by the male in fertiliza- 
tion.^ The modem science of statistics had its beginnings at about 
the same time, in a treatise published in 1761 by a Prussian divine, 
J. P. Stissmilch, who undertook by appeal to vital statistics to prove 
the gloiy of God. The leisurely progress of scientific thought is sug- 
gested by the award to Linneaus (Sweden) in 1760 of a prize for an 
essay on sex in plants — nearly a century after Camerarius had rather, 
conclusively laid the groundwork of this subject. Linnaeus’ publi- 
cation of Species Plantarum in 1753, which attempted to classify 
plants according to their assumed relationships, marks an important 
step in the development of evolution theory. In 1760 Robert Bake- 
well (England) took over the management of the Dishley Estate, 
where for 35 years he proved to his own satisfaction that inbreeding 
is not necessarily injunous and that it is the qmckest way to fix type. 
His experiments laid the groundwork for the development of many 
of the modem breeds of livestock. In 1793 C. K. Sprengel (Prussia) 
observed the cross-pollination of plants by insects. 

In the matter of human heredity some knowledge had also been 
accumulating. From the earliest tunes resemblance in relatives had 
been noted. The inheritance of such definite anatomical peculiarities 
as the “Hapsbiug jaw” had frequently been recognized. Man has 
never been well adapted for laboratory study , and little exact progress 
was made. A notable exception has to do with sex-linked inheritance. 
The peculiar inheritance of color-blindness was reported to the 
Royal Society as long ago as 1779 by a British divine, Michael Lort. 
Forty years later C. T. Nasse (Germany) formulated a law of sex- 
linked inheritance based on hemophilia, a disease of unusual interest 
because of its occurence in the royal families of Europe. 

By 1760 the stage was set for a century of biologicm progress that 
culminated in 1859 with the publication of Darwin’s Origin of Species. 

GENETICS IS BORN, 1760-1900 

1760-1830 — Foundation of important livestock breeds through inbreeding and 
selection practiced by English breeders — Bakewell, Bates, the Ckulings, 
and others. 

1809 — Publication of J. B. P. de Lamarck’s Philosophic Zoologique (France) 
represented the first attempt to produce a comprehensive theory of evo- 
lution. Erasmus Darwin (England), G. L. L. de Buffon (France), and 
W. von Goethe (the German poet whose Metamorphosis of Plants, 1790, 
is a notable milestone in biological thinking) had dealt with various phases 
of the problem of organic development of individuals, species, and genera. 
Lamarck attempted to weld these observations and speculations into a 
coherent theory of evolution, an important step in biological progress. 

* HIl “proor’ that the fluid and not the sparmatoioa was the feitlliElng agent was unfortunately wrong. 
Not untdlSM did Karoat and Dumas ooneot this mistake. 



CHRONOLOGY 


1461 


1812— (1) Karl Frisch Gausa (Gemany), Theoria combinatlonia obaerva- 
ti^onum eixoribuB mmimta obnoxia (theory of least squares— basic in the 
statistical evaluation of data). 

Kill?] (®'r»nce), Theorie analytiques des proba- 

bllit^s. Beginning of the law of error concept.” 

1820— (1) GauM, evolution of the probable error— for a century the almost 
universally used teat of the significance of experimental data. 

(2) C. F. Nasae (Germany), Nasse’s law of male sex-linked inheritance, 
based on study of hemophilia. 

1822 — John Goss (England) reports but does not interpret dominance and recea- 
siveness, and segregation in pea hybrids. 

1823— Thomas Andrew Knight (England), Knight-Dar\\in law of cross-breeding 
(value of crossing to produce better plants). Dominance, recessiveness, 
and segregation observed in peas without mathematical relationships. 

1826 — A. Sajieret (France) classifies contrasting characters in the parents of a 
cross m pairs, using muskinelons and cantaloups, cites unit characters in 
human eye color, and uses the term “dominant.’’ 

1836 — (1) Division of cells described by H. von Mohl (Germany). 

(2) Publication of K. F. von Gacrtner’s Memoir (Germany) reporting 25 
years ^hybridization experiments dealing with 107 species of plants; 
noted distinction between the uniformity of first hybrid generation and 
the diversity of later generations, and reported hybrid vigor. 

1838-39 — Cell theory, M. J. Schleiden and T. Schwann (Germany). First 
generalized statement of the theory that all organisms are made up of 
cells — one of the great generalizations of experimental biology. 

1840 — Word “protoplasm” coined by J. E. Purkinje (Bohemia), though used in a 
slightly different sense from that of today. A. Payen (France) and F. 
Cohn (Germany) suggested the essential similarity of protoplasm as the 
physic^ basis of all life (1846-50). 

1841 — R. A. von Kolliker (Switzerland) proves that spermatozoa arise from 
parent body and are not parasites as was previously believed. 

1840-60 — Louis de Vilmorin (France) develops the progeny test (“genealogical 
selection”) in wheat, oat, and sugar-beet breeding. 

1843 — John Le Couteur (Island of Jersey) publishes a summary of his work on 
wheat breeding. “This summary has been the basis and origin of variety 
testing” (De Vries). The same methods were independently developed 
somewhat earlier by Patrick Sheriff (Scotland), who produced many out- 
standing varieties. 

1846 — U) A. Quetclet (Belgium), Lettres . . . sur la Theorie des Probabilit^s. 
Described biological phenomena in quantitative terms. 

(2) Von Mohl recognizes nature and importance of protoplasm in its 
present sense. 

1848 — W. Hofmeister (Germany) figures the cliromosomcs as unstained bodies, 
but without appreciating their significance. 

1849 — (1) Sir Richard Owen (England) enunciates principle of the continuity 
of the germ plasm. This idea was developed by Virchow, Weismann, 
and others, and culminated in the modern gene theory. 

(2) Union of sperm cell and egg cell (fertilization) first seen in seaweed 
(Fueus) by G. Thuret (France). A year later he showed that the egg 
would not develop without fertilization. 

1868— R. Virchow (Germany) enunciates the principle: Omnis cellula e 
cellula (every cell from a cell), finally disposing of the theory of 
spontaneous generation — a basic biological generalization which com- 
pleted the cell theory, establishing the continuity of all life from remote 
beginnings. 

1869— Publication of Charles Darwin’s Oripn of Species (Englmd). This 
contains extensive discussions of hybrids, but its contribution to gen- 
etics was mostly indirect. It marks a turning point in scientific thought 
and dates the beginning of the modem experimental approach to biological 

1861-6^^. J. S. Schultze (Germany) and H. A. de Bary (Germany) estobliah 
the essential unity of protoplasm in all living cells. 
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— D. A. Godron and C. V. Naudin (France) independently report ex^riments 
in plant hybridisation. Naudin oonhnned Sageret s work, in graeral dis- 
cusaed work of the early hybridisers, and reported dominanro and regrega- 
tion in Datura (jimsonwe^) hybrids. He did not deal with single char- 
aoters and reported no statistical observations on the second generation. 
His theoretical explanation of his facts was a forerunner of Mendel s ideas, 
but inferred rather than deduced. 


1866 — F. Schweigger-Seidel and A. von la Valette St. George (Germany) inde- 
pendently prove that a spermatozoon is a single cell and contains nucleus 
and cytoplasm. 


It is impossible to tell how much of this earlier work was known 
to Gregor Mendel. Very likely moat of it was. The work of Godron 
and Naudin was jointly awarded a prize by the French Academy of 
Sciences, so that it must have been fairly well known in scientific 
circles. Mendel had access to a rather extensive library, which 
included all of Darwin’s works, and many other books on plant 
hybridization, etc. He was in contact with such eminent biologists 
as Nfigeli, so that there is an excellent possibility that he had the 
benefit of this earlier work. But be that as it may: 


1866 — (1) Gregor Meudel (Austria) publishes in the Proceedings of the Brilnn 
Natural History Society (Verhandlun^en der Natur Forschenden Verein 
in Brunn) his investigations concerning plant hybrids, Versuohe fiber 
Pflanzen-Hybridcn, one of the oustandingly lucid and detailed expositions 
of a fundamental discovery. For 34 years Mendel’s papers lay forgotten. 

(2) E. Haeckel (Germany) predicts that the cell nucleus will play a star 
role in heredity. 

1867 — (1) Vilmorin tests immediate effect of pollen. 

(2) H. S. Bidwell (United States) reports controlled pollination in maize. 

1868 — Darwin’s pangen hypothesis — gemmules (hypothetical particles that float 
in the blood stream) are given off by cells and held to modify germ cells. 

1873-4 — L. Auerbach (Germany) begins experimental study of cell mechanics 
(fertilization). 

1876 — (1) E. Strasburger (Germany) describes the chromosomes. 

(2) Oscar Hertwig (Germany) proves that fertilization consists of union 
of two parental nuclei contained in the sperm and ovum. This demonstra- 
tion that sexual reproduction is a process contributed to essentially equally 
by the two sexes marked an important advance. It disposed of speculation 
regarding the role of the two sexes in inheritance, and it showed that 
genetics 18 basically a problem of cell physiology. 

1878-81 — W, J. Beal (United States) determines increased yields of com hybrids 
between varieties and suggests their use in com production. 

1876-82 — W. Flemming (Germany) describes the longitudinal splitting of the 
chromosomes. 

1881 — W. O. Focke (Germany) coins the term “xenia” to denote immediate effect 
of pollen on the endosperm in the maize seed. 

1883 — (1) P. J. van Bencden (Belgium) begins study of early history of animal 
egg. Reports reduction of the chromosome number in the egg cells to half 
that in body cells and holds that chromosomes have a genetic continuity 
throughout the life cycle — basically important concepts in genetic theory. 

(2) E. L. Sturtevant (United States) observes without interpreting first 
linkage of genes now known as tunicate and sugary (TuSu) in maize. 

1884 — K. W. von Nkgeli (Switzerland), ideoplasm concept — control of heredity 
seen as due to “ids”, which were conceived to be solid particles. Nftgeli’s 
book was important as a precursor of Weismann’s The Germ Plasm. 

1884- 5 — (1) Identification of the cell nucleus as the basis of inheritance “made 

independently and almost simultaneously by Hertwig, Strasburger, 
KSlliker, and A. Weismann” (Germany). 

(2) Halves of split chromosomes shown going to opposite poles by 
Flemming and others. 

1885 — C. Rabl (Austria) announces the individuality of the chromosomes. 
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“Utation theory of evolution. ^ 

1886- 87— Weismann PublUhes a thwry of chromosome behavior during ceU 

division and fertilisation which e-vplains earlier observations of Van Bene- 
den, Strasburger, etc., and predicts that two kinds of cell division wUl be 
discovered— raitpsls (already known) and reduction, in which the chromo- 
some number will be reduced to half by an orderly separation of paternal 
and maternal chromosomes. 

1887— W. Roux (Germany) suggests that the longitudinal splitting of the chro- 
mosomes when dividing means that many different qualities are arranged 
single file in the chromosome, and that these are all contributed by this 
method of division to each daughter cell. 

1887— 88 — Th. Boveri (Germany) verifies Weismann’s prediction of the reduction 

of the chromosomes by observing the phenomenon in Asearis. 

1888 — Chromosomes named by W. Waldeyer ((^rmany) . 

1889 — (1) De Vries revises the “pangen’’ theory of determiners floating in the 
blood stream, and denies any transfer of gemmules (determiners) from 
body cellH to gametes. 

(2) Francis Galton (England) publbhes Natural Inheritance, which 
formulates his law of ancestral inheritance — a statistical statement of the 
relative influence of parents, grandparents, etc., in determining charac- 
teristics ill offspring. 

1890 — (1) Law of numerical equality of paternal and maternal chromosomes at 
fertilization in animals and plants (Boveri, Germany; L. Quignard, 
FranceL 

(2) Babcock test for butterfat percentages (United States). Begin- 
nings of dairy-cattle selection for butterfat production on scientific basis. 

1891 — (1) Willett M. Hays (United States) develops the centgener progeny test, 
thereby recognizing that the test of the genetic quality of an individual 
can be adequately evaluated only by a study of its progeny. At about the 
same time the New York (Cornell) Agricultural Experiment Station 
develops rod-row method of siuall grain testing. 

(2) W. A. Kellerman and W. T. Swingle (United States) make first 
count on a segregating ear of maize. 

1892 — 'With publication of Das Keimplasma (The Germ Plasm) Weismann 
enunciates the then very radical principle of noninheritance of acquired 
characters, and expands Nageli’s idiomasm theory to bring cell theory 
and ‘‘genetic theory” into organic relationship. Basing his theory on 
Van Beneden’s observations. Weismann explains tlie reduction division 
as a method of exactly distributing the chromosome material. 

1894 — (1) W. Bateson (England) emphasises the importance of the study of 
“discontinuous variation” (an approach toward the idea of Mendelian 
units) in solving the problem of heredity. 

(2) Karl Pearson (England) publishes first of Contributions to the 
Mathematical Theory of Evolution, developing methods of dealing statis- 
tically with skew frequency curves. 

(3) A. Millardet (France) notes “false liybnds” entirely resembling 

1897— ^)*^G.**U^ny ^^d^^^igland) , publications On the Theory of Correla- 
tion. 

-(l)^^P^rwn^§lvdo™®G^^^ Law*rf° Ancestral Heredity and also intro- 
duces the standarcl deviation, an improved method of determining the 
siniifioaace of deviations of observed data from theoretical perfection. 
(2) S. G. Navashin (Russia) discovers double fertilization in higher 

plMta.^ J. Spillman (United States) notes segregation in wheat, which he 
reported in 1901 in an independent statement of Mendelian prmciplra. 

^) G. M. Gowell (United States) installs 62 trap nests and initiates 
scientific breeding for egg producHon. 

(6) Flemming counts human chromosomes, finding 24 m comeal (eye) 
tissue. (Later work with improved technique shows 24 pairs.) 
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1899 — (1) L. Cu4not (France) working with animals, and Strasburger (Germany) 
working with plants, advance theory that sex is controlled within the 
germ cell, not by environment. 

(2) De Vries and C. F. J. £. Correns (Germany) publish almost simul- 
taneously an explanation of xenia in corn as due to double fertilization. 

(3) First International Conference of Hybridization (the later con- 
ferences in this series were called Congresses of Genetics) held in London. 

EARLY DAYS OF GENETICS 

The turn of the century was an epochal year in the experimental 
study of heredity. The almost simultaneous rediscovei^ of Mendel’s 
paper independently by three investigators (who had, when they read 
Mendel’s paper, experimental material of their own to verify his 
conclusions ) , was a striking symptom of an even wider trend . Bateson 
had for years been attacking the problem of discontinuous variation, 
and Haldane says that had not Mendel’s paper been discovered, 
Bateson would undoubtedly have been buried in Westminster Abbey 
as the discoverer of atomic heredity. Spillman’s wheat work in the' 
United States had reached a point where he appears to have been just 
on the brink of making the same illuminating generalisation. Other 
workers also were hot on the trail of the gene, and the time was ripe 
for a veritable e^losion of genetic progress. Within 3 years of the 
triple De Vries-Correns-Von Tschermak announcements, abundant 
verification of Mendel’s work had been made by many workers, and 
the universality of the Mendelian principles had been demonstrated 
in plants, animals, and man. The fecund pomace fly. Drosophila, 
was about to enter his milk-bottle kingdom and populate acres of 
banana-agar nutrient medium with an ever-growing progeny of 
mutant forms. Into the hands of the research investigator had "been 
given the key to unlock that perennial mystery of the ages, heredity. 

1900 — Rediscovery and verification of Mendel's p^rinciples independently by 
De Vries (Holland), Correns (Germany), and E. von Tschermak (Austria), 
marking the beginning of modern genetics. 

1901 — (1) H. Henking (Germany), F. C. Paulmier (United States), and others 
report an “accessory chromosome” in spermatozoa (later identified with sex 
determination), based on work begun in 1891. 

(2) Bateson publishes a translation of Mendel's paper. 

1902 — (1) Terms allelomorph, homozygote, heterozygote, Fi, Fj, coined by Bate- 
son. In their report to the evolution committee, Bateson and Saunders 
Ibt 26 instances of allelomorphism which had been “actually provedt to 
exist, or may be inferred from the published record.” This included cases 
in peas, wheat, maize. Datura, Oenothera, snapdragon, mouse, fowl, catle. 
The Mendelian nature of polydactylism (an extra finger) in man was 
suffiested. 

(2) De Vries — The Mutation Theory of Evolution, based on studies of 
evening primrose. 

(3) T. H. Montgomery (United States) announces the pairing of homolo- 
gous maternal and paternal chromosomes dunng synapsis (joining and 
separation prior to formation of germ cells with reduced chromosome 
number). 

(4) £. C. McClung (United States) relates an accessory chromosome 
found in some insects to sex determination — first attempt to connect a 
specific character with a particular chromosome. The concept of specific 
sex chromosomes, which have a major influence in determining sex, has been 
verified, with modifications, in a range of organisms extending from the 
pomace fly to man. 

(6) Cu6not first demonstrates Mendelism in animals (normal and albino 
mice). 
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1002— (6) ^teson defends Mendelism against attacks of W. F. R. Weldon and 
Karl Pearson (England) . This heated clash regarding the utility of experi- 
mental versus statistical approaches to biological problems continued inter- 
mittently until 1904. Publication of first number of Biometrika. the lead- 
ing journal dealing with the statistical aspects of genetics. 

1902— 3—;^. W. Sutton (United States) shows that body obromosomes are indi- 

vidually Tecognizable and points out the mutual interrelations between 
cytological observations and Mendelian phenomena, closing the gap be- 
tween cytology and genetics. 

1903 — (1) Pure-line concept (variations in the progeny of a single plant of a self- 
fertilised species are not due to inheritance) first put forward by W. L. 
Johannsen (Denmark). Phenotype and genotype defined. Modern con- 
cept of "selection” born. 

(2) R. H. Biffen (England) reports that resistance to stripe rust of wheat 
is governed by a single Mendelian recessive factor. 

(3) Bateson (walnut, rose, and single comb in fowl) and Cu4not (albino 
and pigmented mice) note interaction of nonallclomorphio factors (later 
called epistacy). 

1904 — (1) C. B. Davenport (United States) confirms Mendelian inheritance of 
polydactylism in man. 

(2) .American Breeders Association founded under Secretary of Agricul- 
ture James Wilson, with Willett M. Hays as secretary. 

(3) Thomas Hunt Morgan becomes professor of zoology at Columbia 
University. This represents the beginning of the former “Columbia 

S ” of genetic research workers, which included many of the names 
nding in genetics today. Other centers also had their origin about 
this time, at Harvard University, the University of Chicago, the Univer- 
sity of Indiana, and Leland Stanford University. 

(4) Station for Experimental Evolution established by the Carnegie 
Institution of Washington. 

(5) A. F. Blakeslee (United States) reports isolation of sex-different 
strains of molds. First called "plus” and "minus”, these were later called 
“male” and "female" though no morphological differences could be found 
between them. 

1905— (1) G. H. Shull and E. M. East (United States) begin independent experi- 
ments on inbreeding in maize that opens up a field of the utmost theo- 
retical and practical importance. 

(2) N. M. Stevens and E. B. Wilson (United States) confirm McClung’s 
sex-determination theory. 

(3) “Coupling” (linkage) in sweet pea analyzed W Bateson, E. R. 
Saunders, and R. C. Punnett (England). Bateson and Piinnett explain the 
walnut comb in the fowl as being due to two dominant factors, one of which 
idone produces pea combs, and the other, rose combe — the double recessive 
being single combs. This first report of interaction of Mendelian factors 
marked a ve^ important advance. 

(4) O. F. Cook and W. T. Swingle (United States) publish diapam and 
propose names for the sexual ^cle (eporophyte-gametophyte) in plants. 
1900 — (1) Term “genetics” coined by Bateson. 

(2) C. W. Woodworth and W. E. Castle (United States) “discover” 
Drosophila. “More has been learned concerning heredity from this one 
species since 1010 than had been learned from all sources before that 
time.” It produces 25 generations a year and has but 4 pairs of chromo- 
somes, so that it is ideally suited to make linkage studies. The modem 
gene theory is based largely on studies of Drosophila. 

(3) Possible relation between linkage and the chromosomes pointed out 
by R. H. Lock (England). 

(4) George Rommel begins U. S. Department of Agriculture Inbreeding 
experiments with guinea pigs, which have been continued ever since. 

1907 — ( 1 ) Correns advances theory of two kinds of male gametes (male-determin- 
ing and female-determining). ^ ^ , u 

(2) J. B. Norton (United States) publishes rod-row system of breeding, 

first put Into general use by him in 1W2. j j 

(3) Strasburger uses terms ha{fioid and diploid for reduced and double 
number of chromosomes. 
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1907 — (4) A. M. Lutz (United States) shows that the gigas mutation of the 
evening-primrose has double number of chromosomes of Oenothsra 
lamarckiana Ser. 

The discovery of a tetraploid in Uie evening-primrose opened up 
the subject of variation of chromosome number in genera), and of 
polyploidy in particular. This discovery that organisms might vary 
m weir chromosome constitution by an entire set of chromosomes has 
today developed a veiy extensive branch of cyto-genetics. Discover- 
ies of polyploid series m wheat, the roses, the Daturas and Solanuma, 
and elwwhere have marked a distinct advance in our understanding 
of the development of species. The artificial production of polyploids 
by heat treatment and by other means has been a more recent devel- 
opment of great promise. Even greater in its possibilities may be the 
production of generic polyploids (amphidiploids) having one or more 
complete chromosome complements from each parent species. These 
forms are generally self-fertile but are usually sterile with the parent 
species or genera. 

(5) Bateson coins terms “epistatic” and “hypostatic” to describe inter- 
relations of non-allelomorphic genes. 

1908 — (1) Cudnot discovers that the yellow gene (Y) in mice is lethal, suggesting 
that it kills the embrj'o early in development when inherited from both 
parents. 

(2) Zeitschrift ftir induktive Abstammungs-und Vererbungslehre 
(Journal for Inductive Descendence and Inheritance Theory) founded. 

(3) Delaware Ag^cultural Experiment Station begins inbreeding 
experiments with swine. 

Many practical breeders before this time had used intensive inbreed- 
^ in their operations, but the d^ree of inbreeding actually practiced 
is very hard to determine. Several instances are on record of herds 
being maintained for a number of generations without the introduction 
of new blood. N. H. Gentry's work with Berkshire swine in Missouri 
was a notably successful example of the use of inbreeding in breed 
improvement. The Delaware experiment represents the first attempt 
to attack this problem in a scientific manner with farm animals. 
of the swine inbreeding experiments (and they are practically the only 
experiments in the intense inbreeding of livestock, by brother X sister 
mating, that have been undertaken, though considerably more has 
been done with poultiy) have been only partially successful from a 
practical standpomt. The hoped-for production of highly inbred lines 
of sv^e that could be crossed to utilize to the full the principle of 
hybrid vigor in the first generation has failed to materialize because 
of the practical difiiculties encountered in maintaining the inbred fines. 
Theoretically there appears to be no reason why rmiust inbred lines 
cannot be produced as has been done with rats and guinea pi^. 
Among the outstanding later experiments are those at the Univeimy 
of Cafifornia, the Oklahoma A^cultural Experiment Station, Iowa 
State Collie (poultry), the Minnesota Amcultural Experiment 
Station, and the United States Department of Agriculture. 

Many less direct attempts to produce hi^y inbred herds of live- 
stock have been started and are continuing. Notable among these 
is the United States Department of A^culture's development in 
dairy-cattle breeding, which has continuea since 1912. The intention 
is to produce dairy sires pure or homozygous for high production by 
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breeding as intense as possible to the foundation sire of the herd. 
While many practical breeders have used this method with livestock 
for short periods, this cont in u ing project, with accurate records for 
many generations, is unique. 

. Nilsson-Ehle (Sweden) explains that inheritance of color of seed 

in wh^t is largely due to three Mendelian factors— multiple factors and 
blending inheritance begin to be added to Mendelian concepts. This 
principle was confirmed a year later by East in corn. 

1909 — (1) Crossing-over hypothesis (exchange of segments in paired chromosomes) 
advanced by F. A. Janssens (Belgium). 

(2) R. A. Emerson (United States) reports multiple allelomorphs (more 
than one alternative factor) in beans and maize. 

(3) Sir Francis Galton’s bequest to found the Galton Laboratory at the 
University of London establishes the first laboratory devoted to the study 
of human heredity. 

(4) Shull suggests use of first-generation hybrids between inbred lines 
as a basis of practical com breeding. 

1910 — (1) L. Epstein and R. Ottenberg (United States) point out that human 
blood groups (discovered by K. Landsteiner, Austria, in 1900 and classified 
by Jansky, Germany, in 1907) follow Mendelian principles in inheritance. 

(2) Morgan proposes explanation of sex-linked inheritance; publishes 
first gene mutation in Droiophila (white eye). 

(3) Announcement of the gene theory by Morgan, which includes the 
principle of linkage of genes resident on the same chromosome. This 
brilliant hypothesis has been upheld in a multitude of experiments. Be- 
ginning of chromosome mtma compiled by linkage and cross-over data. 

(4) A. B. Bruce, and F. W. Keeble, and C. Pellew (England) suggest that 
hybrid vigor is due to dominant favorable growth factors. 

(."i) A. Lang (Switzerland) suggests multiple factor hypothesis to account 
for size differences in rabbits. 

(6) H. Winkler (Germany) publishes method of producing /9olanum 
chimaeras artificially. The explanation of these chimaeras as layers 
(periclinal) and sectors (sectorial) of cells from stock and cion was fur- 
nished by Erwin Baur ((Germany) 1914. 

1911 — (1) Journal of Genetics (England) established. 

(2) Raymond Pearl (United States) publishes the first of his studies of 
egg production in the fowl. 

(3) G. N. Collins and J. H. Kempton (United States) report first link- 
age in maize. 

(4) Baur publishes the first edition of his Introduction to the Experi- 
mental Stu^ of Heredity, Einfiihrung in die experimentelle Vererbungs- 
lehre. 

(5) Richard Goldschmidt (Germany) publishes the first edition of his 
EinfUhmng in die Vererbiingswissenschaft (Introduction to the Science 
of Heredity), which summarizes his theory of sex determination as a 
matter of rate of developmental expression of sex-determining genes — 
demonstrated by the production of intersexual forms in hybrids of the 
gypsy moth. 

(6) W. E. Castle and J. C. Philips (United States), ovary transplant^ 
tion experiment in the guinea pig, showing nonmodification of genetic 
characters through change in embryo environment. 

(7) Cu6not, explanation of multiple allelomorphism in mice. 

1912 — (1) R. R. Gates (England) identifies Oenothera semi-gigaa Vries as a tri^ 
loid— the first to be recognized (triploids have three sets of chromosomes). 

(2) H. S. Jennings (United States) shows that with self-fertilization the 
percentage of heterozygosis is halved in each successive generation. 

This principle was elaborated by H. D. Fish (United States 1914) 
and Pearl 1913-17, and expanded by Jennings in 1917. In 1923^well 
Wright (United States) published a general inbreedmg coefficient 
appGcable to irregular systems of mating. Since that tune the 
evolutionary implications of Mendelian heredity have been developed 
by Wright, R. A. Fisher, J. B. S. Haldane, and others. 
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1913 — (1) C. B. Bridges (United States) reports nondisjunction of sex cbromo- 
Koasi (both sex ohromosomes going to one gamete and none to the other). 
Important confirmation of chromosome theory. 

(2) Nils Hansson (Sweden) publishes first formula for a sire index, an 
improvement in the progeny tc^ for characters not expressed by the sire. 

More recently the sire-inde.^ idea has been elaborated bv a number 
of suggested modifications of Hansson’s original idea. All of these 
are based on the concept that the sire’s transmitting ability for a 
character he does not himself show (such as milk or ere production) 
can be measured by comparing the production of his daughters with 
that of their dams. This concept is one of the bases of the “proved- 
sire movement” started in 1918 by the United States Department of 
Agriculture, which attempts to discover and to utilize to the maximum 
the sires that transmit desirable qualities to the greatest degree. 

1915 — Morgan, A. H. Sturtevant, Bridges, and H. J. Muller (United States) 
publish The Mechanism of Mendelian Heredity — an epoch-making book. 

1916 — (1) Castle confirms Lang's multiple-factor hypothesis of blending inherit- 
ance in rabbits. 

(2) Winkler produces polyploid forms from the callus tissue of decapi- 
tate grafts. 

This method of doubling, tripling, and quadrupling the chromosome 
number has been rather widely used in experimental procedures by 
other workers. By applying it to haploid tomatoes^ E. W . lind- 
strom (United States, 1927) was able to obtain a pure Ime by doubling 
of identical chromosome complements — a procedure of considerable 
value in genetics and plant breeding. 

(3) Castle and Wright discover first linkage in a mammal (rat) . 

(4) Pearl demonstrates effectiveness of pedigree selection contrasted 
with mass selection in the fowl. 

(6) Shull suggests the word '‘heterosis” to designate the vigor of first- 
generation hybrids. 

1917 — ^(1) O. Winge (Denmark) elaborates theory of polyploid origin of new 
species by multiplication of a basic chromosome complex. 

(2) Emerson finds variegated pericarp in maize due to an unstable gene. 

(3) The Connecticut Agricultural Experiment Station produces the first 
commercial "crossed corn.” 

Followire the early experiments of Beal, and the mbreeding experi- 
ments of Shull and East, inbreedire experiments with maize enjoyed 
a considerable vogue. It was found that where some of these uniform 
but usually rather unpromising inbred lines were crossed, an extremely 
vigorous and uniform first^eneration hybrid was produced, which 
exceeded the yields of commercial varieties by 30 percent or even 
more. The production of this crossed com seed on a commercial 
basis was first attempted at the Connecticut Station. Unfortunately 
the lack of vigor and the small quantities of seed produced by the 
inbred strains made seed production difficult ancf expensive. To 
obviate this difliculty the system of “double-crossed com” (suggested 
by D. F. Jones in 1919, first commercial production attempted in 
1921 by Geo^e S. Carter, Clinton, Conn.) was perfected, whereby 
four inbred lines were used. These lines (designated A, B, C, D) 
are crossed in pairs (A X B and C X D), and the resultir^ two extremely 
vigorous hybnds are crossed to produce the commercial seed. These 
varieties have great vigor and uniformity, and production of seed in 
commercial quantities is entirely feasible. Many workers have con- 
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^buted iwt^ly to this development, among them D. F. Jones, H. A. 
WaEace, F. D. Richey, and M. T. Jenkins, and many others in the 
United States Department of Agriculture and in the Com Belt 
experiment stations. 

The concepts developed by inbr^ing have been applied in other 
ways, such as that of shifting a single desirable character from one 
variety to another by crossing and then by repeatedly back-crossing, 
to the other parental variety with the majority of desirable charac- 
teristics, those seOTegates that have the one desired character. H. V. 
Harlan and M. L. Martini (United States) first used this technique 
in barley in 1922, and it has been applied with equal success by several 
other workers. 

(4) W. B. Kirkham, H. L. Ibsen, and E. Steigleder (United States) 
prove the lethal action of the yellow gene in the mouse by embryologioal 
studies. 

The attempt to trace the begiimings of gene effects in the earliest 
possible stages of development (and to follow through to maturity 
the developmental history of a gene) has grown into a new and 
promising but often very difficult branch of genetic research — the 
“genetics and development” studies. The problem has also been 
approached by experiments in the transplantation of tissues and 
organs, by hormone injections, an4 by studies of the gene chemistry 
involved in color development of hair, etc. The field is just 
beginning to be explored. 

(5) J. Jeswiet (Netherlands) working in Java proves that the Kassoer 
sugarcane (used in breeding mosaic-resistant P. 0. J. hybrid sugarcane) is 
a second-generation hybrid of true sugarcane with a wild grass, Saccharum 
tpontaneum L., that contains little or no sugar. This initiated large-scale 
sugarcane breeding in many countries, with wild relatives used to secure 
disease resistance. Later researches showed that the vigorous, disease- 
resistant, high-yielding sugarcane hybrids all showed a much higher 
chromosome count than true sugarcane (polyploidy). 

1918 — H. D. King (United States) reports results of inbreeding rats for 25 con- 
secutive generations, showing that close inbreeding is not necessarily dele- 
terious, and that fertility and viMr can be maintained in some lines. 

1919 — Morgan and others publish The Physical Basis of Heredity, setting forth 
in detail the gene theory, and summarizing Drosophila genetics. 

RECENT DEVELOPMENTS 

Even from the safe vantage of a third of a century it is not easy to 
evaluate the developments that followed the rediscoveiy of Mendel’s 
work. As we advance nearer to the present our task becomes more 
ffifficult, for discoveries that now seem not especially revolutionary 
may, in the light of later work, be as epochal as Mendel’s pioneer con- 
tribution. The time is too short to place a final value on many 
advances, and progress is being made on too many fronts to attempt 
to cover adequately the multitudinous work in genetics and related 
sciences. Some recent developments that may have been overlooked 
may be much more important 20 y^rs hence than they seem today. 
Thus the compiler is sure only that m this most hazardous part of his 
journey he is treading on ve^ dai^erous ground indeed. 

It was plaimed in compiling this chronology to avoid mention of 
any names in this final part, simply citing significant developinrats 
and trends, letting the perspective of the years determme more fairly 
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those who have made fundamental contributions to genetic pron'ess. 
In practice this has proved difficult, because some names are so closely 
linked to certain discoveries that anonymity seems unfair. Thus 
radiation genetics and salivary-gland chromosomes immediately bring 
to mind the names of the pioneers whose work has very recently led 
the way to new bonanzas of genetic facta. Certain developments 
have b^n so interesting and significant that to stop the chronology 
10 or 15 years ago purely throtigh the promptings of the instinct of 
self-preservation would destroy much of its interest and value. The 
following compromise, which attempts to maintain perspective at 
very short range, is put forth with many mismvings and with a pain- 
ful reahzation of the hazards involved. In the short summary para- 
^phs frequently interspersed with names and dates, an attempt has 
been made to suggest the extent and significance of some of the impor- 
tant developments. 

1920 — (1) Tobacco variety “made to order” by genetic methods (East and Jones 
in the United States). 

(2) H. D. Goodale’s (United States) studies of effects of selection on 
egg production. 

(3) E. B. Babcock (United States) begins Crepis investigations, which 
are adding much to our knowledge of chromosome evolution within a genus. 

(4) G. Taokholm (Sweden), monograph on polyploid series in Rosa, 
suggesting how a genus may have evolved through changes in chromosome 
number. 

1921 — (1) Triploid discovered in Drosophila by Bridges. 

(2) Morgan estimates that the gene has a diameter between 2Q and 70 
microns. 

Since Morgan first attempted to estimate the size of the gene several 
other approximations have been attempted. These have been based 
on the volume of the chromosomes, the number of genes known to 
to reside in the chromosomes, and the number of mutations that have 
been known to occur in a given chromosome; or on the number of 
mutations alone. As our knowledge of the number of genes increases, 
the maximum estimated size of the individual gene is necessarily 
reduced. Very recently the problem of gene action has begun to be 
attacked from the angle of the physical chemist by D. Wrinch (Eng- 
land) and other biochemists. It is thus shown that the giant protem 
molecules of which the chemists have built mental pictures through 
X-ray analysis and by other means come within the range of size 
postulated for the imuAddual gene. At the present time no experi- 
mental evidence exists to prove the speculations that the gene in fact 
consists of a single molecule. 

(^ East makes genetic analysis of partial sterility in tobacco hybrids. 

1922 — (1) Haploid Datura discovered by A. F. Blakeslee, J. Belling, M. E. Fam- 
ham, and A. D. Bergner (United States). This is the first discovery of 
a floweri^ plant developing with single instead of paired chromosomes. 

(2) R. E. Cleland (United States) shows that characteristic arrangement 
of chromosome chains (rings) in OtntAhera are typical of different species. 

1923 — (1) E. Sax (United States) demonstrates linkage between quantitative and 
qualitative characters In the wden bean. 

(2) F. A. E. Crew (Great Britain) presents evidence to show that the 
“bulldog” calf, a nonliving monster frequently appearing in crosses of 
Dexter and Kerry cattle, is due to a lethal factor. 

While other workers had suggested the inheritable nature of this 
defect. Crew was the first workw to suggest the possibility of its being 
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a lethal Mendelian character, the first lethal character identified as 
TOch m the livestock breeds. _ Since that time many other lethals 
have been recorded. C. Wiiedt (Norway) has noted a tendency 
for outstanding dai^ sires to transmit lethal factors, su^esting a 
linkage between such lethals and factors of economic value. They 
are thus a matter of some importance to the practical breeder. Their 
genetic interest is considerable because of the studies they have made 
possible in the developmental history of genes, from fertilization to 
adult organisms— the first of these being the study of L. C. Dunn 
and W. Landauer (United States) on the “creeper” fowl. 

1924 — (1) Blakealee and Belling produce pure-line Datura by self-fertilization of 
a haploid. 

(2) W. R. Taylor adapts smear technique to plant cytology, simplifying 

f >reviou8 cumbersome methods and making possible the study of a much 
arger amount of material. 

(3) Blakeslee, Belling, and Farnhara explain certain Datura mutants as 
being plants with an extra chromosome. Blakeslee suggests the term 
“simple, trisomic” for such forms in a olassifioation of ohromosomal types. 

(4) W. T. Swingle and R. W. Nixon (United States) coin the term 
“metaxenia” to describe the effect of the pollen on maternal tissue outside 
the embryo. They confirm earlier observations, hitherto generally dis- 
credited, that date pollen has a profound effect on time of ripening and 
some other genetic characters. 

1925 — (1) T. H. Goodspeed and R. E. Glausen (United States) publish an analysis 
of their “artificial species’’, Nicotiana diglvia, showing that this form (which 
arose as a fertile seedling from a normally sterile first-generation hybrid) 
contains a complete diploid set of chromosomes of eacl^arent species of 
the original cross iN. glutirwsa L.XN, tabacum L.). Inis amphidiploid 
(“double diploid”) is self-fertile but is sterile with the parent species. This 
mechanism for the production of fertile polyploids by doubling the chro- 
mosome number of sterile first-generation hybrids has been found to be of 
rather wide occurrence in plants. 

Primvla kewensis W. Wats, was the first of the amphidiploids to be 
noted. It arose as a fertile branch of a sterile hybrid. The phenom- 
enon remained an enigma until Goodspe^’s and Clausen’s publica- 
tion. Nicotiana diglvia explained the origin of a considerable number 
of such “artificial new species.” Among forms recognized as anmhi- 
diploids on the basis of Clausen’s and Goodspeed’s work are Kar- 
petchenko’s Raphano-Brassica, C. A. Jorgensen’s Solanum Ivieo- 
nigrum, wheat-agropyron hybrids of the Russian workers, etc. Other 
true-breeding interfertile forms, essentiahy new species, have been 
produced by chromosomal rearrangement in Datura. 

(2) E. S. McFadden (United States) produces the two wheats, Hope 
and H-44, from a cross betwen Marquis wheat and Yaroslav Emmer. 
In the mature plant stage these wheats have been found to be nearly im- 
mune from almost ^ the physiological races of stem rust now known. 

(3) J. A. Clark and E, R. Ausemus (United States) point out that the 
near-immune reaction in Hope wheat is a new character in common^rd 
red spring wheat, inherited as a dominant character. ^ The Hope and H— 44 
wheats have since become successfully and extensively used in further 
breeding for stem-rust control. .... . 

(4) East and A. J. Mangelsdorf (United States) offer a genetic interpreta- 
tion of self-sterility in N%cotiana as due to rate-of-growth genes affecting 

1926 — ^dlln^^vances the segmental interchange theory of chromosome 
evolution (exchange of segments between chromosomes that are not 

^°(2?^ jf°Percival (En^nd) publishes explanation of polyploid origin of 14 
and 21 chromosome wheats. 
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1927 — (1) Artlfloial (X-ny) iratuimutaiion of the gene, Muller in Drotophila 
and L. J. Stadler in plants (United States). 

The discovei^ made almost simultaneously by Muller and Stadler 
and Ooodspeed that X-rays, and by F. B. Hanson (United States) 
that radium produces abundant gene mutations is one of the great 
bonanzas of modem genetic research. In the short time since this 
discovery was made it has been shown that X-ra3rs produce a va- 
riety of effects ranging from mutations in a single gene to pro- 
found rearrangements and reassortments of entire chromosomes. 
Since Muller’s original announcement the radiation technique has 
been extended to other forms of wave energy. It is impossible to 
give in any detail the development in this very widespread and 
fertile field of research. 

(2) T. S. Painter (United States) finds a chromosome deficiency In 
mice which, with associated genetic evidence, establishes the first case in 
TnamTimla of locating a definite gene on a definite chromosome. 

(3) J. H. Craigie (Canada) reports hybridisation of rust fungi to produce 
new pysiologioal forms; reports mutation in rust fungi. 

The discovery by Craigie that hybridization of rust fungi is possible 
has opened up a wide field of most interesting researm in micro- 

S genetics. Other workers have shown that the disease-producii^ 
hat attack plants mutate rather frequently in respect to their 
to infect and affect a given strain. The problem of the plant 
r seeking resistance has been enormously increased in com- 
plexity by these discoveries, which necessitate methods of protection 
oy breeding gainst an enemy whose physiological reactions change 
with no visible outward alteration. 

(4) Belling, iron-aceto-oarmine technique of chromosome staining, 
makes possible more detailed studies of chromosome structure. 

(6) B. O. Dodge (United States) publishes first report on the genetics 
of A$c€myceleB (fun^i), which have some advantages for genetic research 
because their haploid nature makes direct observation of all gene effects 
possible. With this material C. L. Lindegren (United States) has recently 
produced the first chromosome map of genes in a lower plant. 

1930 — (1) Stadler finds that maize genes vary widely in rate of mutation (no 
mutation in million waxy gametes, 492 per million in red pericarp [PJ 
gametes). 

(2) H. A. Timofeeff-Ressovskjr (Union of Soviet Socialist Republics) 
reports induced reverse gene vanations in Drosophila, demonstrating that 
X-ray effects are not purely destructive. 

1930-37 — ^The perfecting of the gene-frequen^ technique for the analysis of 
human inheritance F. Bernstein (Germany), L. Hogben, J. B. S- 
Haldane, and L. S. Penrose (England), A. 8. Wiener and L. 8. Snyder 
(United States) makes possible much grrater precision in the use of pedigree 
data, when the samples are too small to idlow statistical* treatment by 
older methods. 

1931 — (1) B. McClintock and H. Creighton (United States) in maize, and G. 
Stem (Germany) in Drosophila, prove crossing-over cytologically. 

(2) McClintock and others of the Cornell group relate maize linkam 
groups to specific chromosomes by use of trisomics (diploid plants with 
one extra chromosome). 

(3) Cleland and Blakeslee unify Oenothera and Datura 0 }rto-genetic 
observations through segmental interchange theory. 

(4) Wright gives first comprehensive picture of evolution in Mendelian 
teima wim stress on the balance and interplay between selection intensity, 
mutation rates, inbreeding, isolation, and miction. 
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1932— (1) L. P. Randolph (United States) produces tetraploid maize by heat 
treatment. 

(2) Th. Dobzhansky (United States), and Muller and Painter show 
that chromosome map distance and actual (cytologic^) distance do not 
coincide. 

(3) VariMation in Droaophila shown to be dependent on chromatin not 
organiz^ tato chromosomes (heterochromatin) by J, W. Gowen and 
and E. H. Gay (United States). 

(4) J. M. Rasmusmn (Norway) formulates hypothesis of interaction of 
genes to interpret certain observations of quantative character inheritance. 

1934 — Painter discovers genetic value of giant salivary gland chromosomes 
(discovered many years earlier, but considered a cytological curiosity), 
making possible detailed studies of chromosome structure, and le^ing 
to very exact location of genes. 

THE FAMILY TREE OF GENETICS 
It is customary to visualize historical development by analogy to a 
tree, whose roots go back into the distant past, whose trunk symbo- 
lizes a nicely imified development, and whose spreading branches 
denote the mde ramiiications of our pet discipline at the moment we 
are considering it. Under any circumstances such an analogy is 
proba,bly hazardous, and with some ^misgivings we shall symbolize 
genetics as a tree which has drawn its sustenance from four main 
roots. 

These four taproots of modem genetics are: (1) The genetics root, 
leading back through Morgan, Bateson, De Vries, Mendel, Koelreuter, 
etc.: (2) the cytological root, tracing through Belling, McCIung, 
Wilson, Sutton, Van Beneden, Leeuwenhoek, to Hooke, who first 
saw and named the cell; (3) the biometrical root, tracing through 
Wright, Fisher, Pearson, Galton, Laplace; and (4) the animal-breeding 
root, tracing through the stud and herd books, through the breed 
founders (such as Bakewellj the CoUings, and Bates of a century 
ago) to Mago the Carthageman, who is to be credited with comiiiling 
the fust recorded score card — which is still used, vrith surprisingly 
little modification. Other “roots” could also be thought of. 

It should bo borne clearly in mind that these roots have generally 
been entirely distinct through much of their developmental history. 
No experimental connection existed between the observation^ work 
of the nybridizers and that of the microscopists until Sutton in 1902 
confirmed Haeckel’s prediction (1866) that the nucleus would prove 
to be the vehicle of heredity. The observed facts of MendeUan hered- 
ity fitted the cytologists’ finding that meiosis and fertilization were a 
method for keeping the chromosome complement constant. The 
heretofore independent concepts were thus mutually confirmatory and 
together made a complete picture.^ Since that time it has been increas- 
ingly difficult to ignore cytology in studying strictly genetic phenom- 
ena. Without the cytologist’s aid much genetic work would remain 
pur^y speculative. In the case of polyploidy, for instance, cytolog- 
ical counts of chromosome number and observation of c^mosomal 
behavior at the reduction division have been of tremendous importance. 
Similarly the mathematical root developed entirely independently 
until Galton and Pearson bridged a gap that previously had been so 
wide that few students of the subjects mvolved would have adnoitted 
any close relationship. 
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The funilT’ tree of genetin. 
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What of future developments? The chronologer can do no better 
than quote one of the greatest geneticists, T. H. Morgan: 

I ^ve bwn challenged recently to state on this occasion what seemed to be the 
most important problems for genetics in the immediate future. I have decided to 
try, ^though I realize only too well that my own selection may only serve to show 
to future generations how blind we are (or I have been, at least) to the significant 


First, then, the physical and physiological processes involved in the growth of 
genes and their duplication (or as we say their "division”) are obviously phe- 
nomena on which the whole process of reproduction rests. The ability of the new 
genes to retain the property of duplication is the background of all genetic theory. 
Whether the solution will come from a frontal attack by cytologists, geneticists, 
and chemists, or by flank movements, is difficult to predict. 

Second: An interpretation in physical terms of the changes that take place dur- 
ing and after the conjugation of the chromosomes. This includes sevenu separate 
but interdependent phenomena— the elongation of the threads, their union in 
pairs, crossing over, and the separation of the four strands. Here is a problem on 
the biological level, as we say, whose solution may be anticipated only by a 
combined attack of geneticists and cytologists. 

Third: The relation of genes to characters. This is the explicit realization of 
the implicit power of the genes, and includes the physiological action of the gene 
on the rest of the cell. This is the gap in our knowledge to which I referred alrrady 
at some length. 

Fourth: The nature of the mutation process — perhaps I may say the chemico- 
physical changes involved when a gene changes to a new one. Emergent evolu- 
tion, if you like, but as a scientific problem, not one of metaphysics. 

Fifth: The application of genetics to horticulture and to animal husbandry, 
especially in two essential respects — more intensive work on the physiological 
rather than the morphological aspects of inheritance; and the incorporation of 
genes from wild varieties into strains of domesticated types. 

Should you ask me how those discoveries are to be made, I should become vague 
and resort to generalities. I should then say: By industry, trusting to luck for 
new openings. By the intelligent use of working hypotheses (by this I mean a 
readiness to reject any such hypotheses unless critical evidence can be found for 
their support). By a search for favorable material, which is often more important 
than plod^ding along the well-trodden path hoping that something a little different 
may be found. And lastly, by not holding genetics congresses too often. 


It is probable that we are even now witnessing the development of 
another major branch of the genetic tree — the biochemical branch. It 
has long been guessed that genes must be chemical in their action, and 


and speculated on. Studies of the analysis and synthesis of the sex 
hormones, of growth hormones and cancer-producing substances, and 
of the filterable viruses are bringing to light effects that closely resem- 
ble the action of genes. The next great unportant advance may be to 
link the gene with the newer biochemistry, which will make it necessary 
to revise our “genetic tree” and to add another important root tracing 
through Wilstetter. Mendeleeff, Dalton, and Lavoisier, to the alchem- 
ists of lie Middle Ages! 

Thus while specialization has been essential to promote the progress 
of science, it is distinctly a danger that too much specialization may 
endanger continued progress, if it prevents the fonnation of such 
fruitM graft-hybrids m ideas as those that have contributed so greatly 
to the progress of genetics. The geneticist and the bree^r of the 
future must be intelligently cognizant of many fields of knowle^e 
that are more and more impinging on their chosen specialty. Synthe- 
sis of these increasingly complicated factors seems essential if progress 
is to continue. 


1476 


YEARBOOK, 1937 


A SELECTED UST OF REFERENCES TO THE 
CHRONOLOGY OF GENETICS 
History of Domestic Animals 

Brown, W. R. 

1929. THB HORSB OP THB OB8BRT. 218 pp., illuB. New York. 

Borns, R. H., and Moonbt, £. L. 

1936. THE TREK OF THE ooLDBN FLBECB. Jouf. Heredity 26: 431-443. 
Lush, J..L. 

1937. ANIMAL BRBEDiNO PLANS. 350 pp. Ames, Iowa. See oh. 1. 

Morse, E. W. 

1012. THE ANCESTRY OP DOMESTICATED CATTLE. U. S. Bur. of Anim. 
Indus. Ann. Rept. (1910) 27: 187-230, Ulus. 

Prentice, E. P. 

1935. breeding profitable dairy cattle; a new socrcb op national 
wealth. 261 pp., Ulus. Boston and New York. See ch. 1-2. 

ZiRELE, C. 

1935. the beginnings op plant hybridization. 231 pp., iUus. Philadel- 
phia and London. 

Early History of Plant Breeding 
Babcock, E. B., and Claosen, R. E. 

1927. GENETICS IN RELATION TO AGRICCLTITRE. Ed. 2, 673 pp., iUus. New 
York. See ch. 28. 

Roberts, H. F. 

1929. PLANT HYBRIDIZATION BEPo'rE MENDEL. 374 pp., iUuS. PrinCetOD, 

N. J. 

Vries, H. de 

1906. SPECIES AND varieties, THEIR ORIGIN BY MCTATION. . . 847 pp. 
Chicago. 

Zirkle, C. 

1035. THE BEGINNINGS OP PLANT HYBRIDIZATION. 231 pp., illus. Philadel- 
phia and London. 

Citations of Important Discoveries in Genetics 
Babcock, E. B., and Clausen, R. E. 

1927. GENETICS IN RELATION TO AGRICULTURE. Ed. 2, 673 Pp., UluS. NcW 

York. 

Bateson, W. 

1928. SCIENTIFIC PAPERS OP WILLIAM BATESON. Edited by R. G. Punnett. 

2v., iUuB. Cambridge, England. 

Baur, E., Fischer, E., and Lenz, F. 

1931. HUMAN HEBEDiTY. Transl. by E. and C. Paul. 734 pp., iUus. New 
York. 

Castle, W. E. 

1930. genetics and eugenics; a textbook for students op biology and 

A reference book for animal and plant breeders. Rev. ed. 4, 
474 pp., illus. Cambridge, Mass. 

East, E. M., and Jones, D. F. 

1910. inbreeding and outbreeding; their genetic and sociolooioal 
SIGNIFICANCE. 285 pp., Ulus. Philadelphia and London. 

Gates, R. R. 

1929. heredity in man. 885 pp., IUus. London. 

Morgan, T. H. 

1935. the scientipio basis op evolution. Ed. 2, 306 pp., IUus. New 
York. 

Sturtevant, a. H., Muller, H. J., and Bridges, C. B. 

1923. THE MECHANISM OP MENDEUAN HEREDITY. 357 pp., lUuS. NeW York. 
Sharp, L. W. 

1034. introduction to cytology. Ed. 3, 567 pp., iUus. New York and 
London. See oonoludlng chapters. 



CHRONOLOGY 


1477 


SiNNOTT, E. W., and Dunn, L. C. 

1932. PRINCIPLES OP OENBTICa; A TEXTBOOK, WITH PROBLEliS. Ed. 2, 441 
pp., illua. New York and London. 

Bibuographies 

International Conorebs op Genetics. 

1932. PROCBEDINOS OF BTH INTERNATIONAL CONOREBS OF OENETICS. 2 V., 

illua. New York. 

Warner, M. F., Shbruan, M. A., and Goltin, E. M. 

1934. A BIBLIOORAPHT OF PLANT GENETICB. U. S. Dept. AgT. MiSO. Pub. 
164, 662 pp. 




INDEX 


A^cuItoraJ— 

byproducts, nsearch 72-73 

credit, improvement, discussion by 8ecre- 

tW.. — 57-5# 

production- 

control prognuns, discussion by Becretary 2-3 
long-time effects of soil-conservation 
program.. 

program, long , ... 

Agriculturcd Adjustment Act- 

provisions for apiculture - - 10-11 

surplus-removal provisloos in amendment.. 30-40 
Agricultural Adjustment Administration- 

benefit payments, statistics 3-7 

marketing agreements — 61-65 

surplus removal by marketing agreement. 62-65 

Agricultural Engineering, Bureau of, research 

investigations B6-99 

Agriculture, Department of— 

apple breeding 599-600,614 

bee-bree<ling investigations 1402- 

140C, 1411, 1413, 1417 

blackberry breeding 507-500,526 

citrus breeding, results 797-799, Oil, 822-823 

currant and gooseberry breeding 543 

goat breeding - 1286-1288 

grape breeding 655,660-664 

introduction of citrus species and varieties. 816-818 

milk goat breeding 1303-1304 

peach-breeding 685-686 

plum-breeding 714,720-721 

production and testing of apricot hybrids at 

Halo Alto, (lalif 745-746 

raspberry breeding 519,528,529 

strawberry breeding 46.'M6.5, 486, 487 

timothy Improvement 1 105, 1106 

turkey breeding 1382-1365 

work See aUo under siieriflc crop or class of 
livestock 

Agriculture, national policy, dlscu'.‘'ion by _ 

Alabama ^gricuUurai Evjieriment Station, 

citrus breeding. - - - -- 805 

Alfalfa - 

acreage, 1929. — . 1122-1123 

article on, summary 153-154 

bacterial wilt, prevalence 1122, 1130-1132 

breeders and workers 1127,1140-1151 

breeding- 

experiment stations 1149 

mtthods 1142-1145 

objoctlves - HI® 

problems 1128,1120-1132,1145-1146 

(diaract6rs~~ 

correlation. Inheritance 

supdrior...... - — 

distribution 

early breeding work J ^ 

6&rly history 1123-1132 

SSSiSdSto'pmiil "“-.'iSiiS 

projects. 


Alfalfa-Continued. Page 

jnbcntance and cytology. 1146-1147 

Insects, relation to improvement work.. 118^1130 

introduction Into Americas 1124-1136 

natural selection, results 1126-1127 

seed setting, aid of insects 1138-1139 

selection for d Isease end cold resistance . . 1136-1138 

species- 

description and economic importance.. 1152-1153 

^ key 1152 

types, adaptability 1123 

value for soil-improvement 1122 

variety Improvement, summary 1150-1151 

Alfalfa Improvement Conference, organisation 

and work 154, 1130-1140 

Almond- 

breeders, list 884 

breeding, slatus in United States 867-809,884 

hybridisation 868-869 

improvement 865-869 

Almonds, article on, summary 148-149 

Amaryllis, breeding, possibilities 922-926 

Amtgiolu* communis Set Almond. 

Amttialui pertlea See Peach. 

Aneuploidy, Importance in forest tree breed- 
ing 1260-1281 

Animal- 

breeding, genetic progress 1443-1447 

cells, fertilisation, process 1420-1421 

Animal Industry, Bureau of, livestock inves- 
tigations 80-85 

Animals— 

breeding programs and genetic possibili- 
ties 1447-1449 

genetic analysis, comparison with plant 

genetics 1441-1449 

Sfc sfso Livestock. 

Antilles, subtropical and tropical fruit- breed- 
ing stations, workers, and work 814 

Antirrhinum majut, breeding possibilities.. 905-969 

A pit spp See Bee 

Appalachian Forest F.xperiment Station, 
forest-tree improvement 1287 

raw materials used 577-578 

bneders, list 813-614 

breeiling — 

.American, objectives 578-580 

in Canada 600-601 

in Europe 601,603-604 

in United States... 592-600,604-614 

requirements for 576 

work.locations and personnel. 613-614 

chromosomo numbers, unusual, signifi- 
cance 585-580 

crosses, successful experiments, list. 608-613 

early history 575-577 

hybrldliation technique 681-681 

improvement — 

by selcctloD of bud mutations, methods. 680-581 

progress. J. H. Magness 675-614 

feeds, handling for b^rtdiiation 683-686 

tree and flfult, character inberitance 691-692 

tttplold varieties, breeding for 690-891 

v^etative propagation studies 

Apples, article on, summary 189-140 

1479 



1480 


INDEX 



ohamcMrhtks. origins, and biMdlng 


eulture, diaoase factors 

history and olaaslflcation 

nsarer variaties, production... 

older varieties, origin 

““ -’■» JHuutclut. 


objectives — 1401-M02 

^^yress. (actors affecting 1887-1899 

**W^j!*Nolan 189*-1418 

1896-1397 

.... 1406-1409,1418 


in United States... 

posslbUities lati 

private agencies 1407-1408 

results 1411-141S 

technique, geographical development 1409 

use of mating static 1400-1401,1409 


types. 1400-1410 

colonies, value in United States 1896 

coloration, inh^tance 1407, 1400-141S 

crosses, dominance and recessiveness 1418 

cytology 1409-1411 

.. 1409-1411 

.. 1417-1418 

1806 


improvement, workers, list 

industry, value in United States 

mating stations, improvement program... 


artiecial insemination, technique 1898, 1406- 

1404 

breeding practice 1400-1401 

races— 

biometric data 1404-1408,1407,1408,1413 

worker characters I40I-I408 

reproductive process, information 1309-1400 


breeding- 

activities of State and Federal agencies . . . 3C3, 
368,370 

and Improvement in foreign countries 371 

for improved varieties 804-300 

chromosome number 306 

genetic studies 819-331 

improved variety, development by State and 

Federal research agendre 340 

varieties, strains, and breeding lines, in 
cultures of State and Federal research 


1 , timothy. breeding projects. 

ases, oUmatio at* 

Bermuda grass, introdi 

Blol^lc al B^ ey, Bureau of, wildlife oonser- ^ 
Blai^berries, articiM oVsum'mary. .'"'ll"" 186 

Black 

and raspberry improvement. Oeorge M. 


botanical history and names of breeders.. 801-803 
... 898,837 


problems and objectives. . 
breeding- 

objectives 

WMk, Department 



INDEX 1481 




1482 


INDEX 


ftonlly, Improynnent 28 i-ase 

lmprav«<l varletlw, demtopment by Htate 
and Federal leaeareh acenciea 842-448 


State and Federal research agencies... 882,353 

yellows, resistance to, breeding for. 284, 

286-287,288,380,287-298 
Cbftnus indleuj. Set Pigeonpea. 

Callfomla- 

grapebutt Industry 779 

lemon industry, development 781-782 

sweet-orange varieties, iraprovement 770-772 

California Agricultnral Experiment Station, 
Davte, Cill/.- 


peach and nectarine breeding material avail- 
able 698- 

plum-breeding stock available 721- 

Califomia Citrus F,xperiment Station, River- 
side, CaW.- 


<Umvery of citrus bud mutations, 1B08-M. 824-^ 
California Forest and Range Experiment Sta- 
tion, forest-tree improvement 1244-1246, 


alfalfa— 

breeders, list 1140 

varletv improvement, summary 1150-11.11 

apple breeding 600-601 

cherry- 


breeding work 733,786 

clover breeders, list 1214 

forest-tree improvement 1278 

grass breeding 1087-1088 

peach breeding 686-687,696-697 

plum breeding and workers 715,717 

raspberry breeding 619-520 

selective breeding of grasses 1051-1055 

soybean workers, list 1185 

strawberry breeding 469 

timothy-breeding projects 1120 

Canna, breeding, possIbHltles 920-932 

Cantaloup- 

breeding, State.and Federal agencies 365,366 

improved varieties, development by State 

and Federal research agencies 346 

varieties, strains, and breeding lines. In cul- 
tures of State and Federal research agen- 
cies 355,356 

SMsfra Melon; Muskmelon. 

Caraway, breeding and Improvement in for- 
eign countries 375 

Carbohydrate, percentage in sweet-com 

kemSs 391 

Carnation, breeding, possibilities 032-935 

Carpet grass, climatic adaptation 1012 

Carrot— 

breeding- 

and improvement - - 306-307 

and improvement in foreign countries 377 

State and Federal agencies 366, 367 

cross-pollination technique. 311 

cro^ng for hybrid vigor 322 

genetic studies 321-322 

improved variety, development by State and 

Federal research agencies 848 

varieties, strains, and breeding lines, in 
cultures of State and Federal research 


Cauliflower— 

breeding and Improvement in foreign coun- 
tries 874,877 

researcb, results 283,282 

Celery- 

article on, summary 130-131 

breeding— 

and improvement in foreign oonntries 372 

State and Federal agenciee 8^ 866, 867, 369 

hybrid, in cultures of State and Federal 

research agencies . 352 

importance as salad crop 335-337 

improved varlethw, development by State 

and Federal research agencies 342 

Improvement tor disease-resistant strains. 836-337 

Inheritance studies 338-339 

varieties, history 335-336 

Ceil division, in vegetative tissues, stndiee.l45l-14S3 

Cells, fertilieation, process 1419-1422 

Central Africa, subtropical and tropical fruit- 
breeding stations, worken, and work 813 

Central America — 

grasses useful in breeding 1037,1078-1079 

subtropical and tropical fruit-breeding sta- 
tions, workeis, end work 814 

Central States Forest Experiment Station, 

forest-tice im^vement 1269 

Chemistry and Bolls, Bureau of, research work, 

discussion by Secretary 71-78 

Cherries— 

article on, summary 143-144 

commercial production 665 

breeding— 

and workers in United .States and Canada. 736 

in Canada - 733 

In United States 730-733 

material, available 732-783, 737 

methods 729 

objectives 727-729 

possibilities 555-558 

characters, inheritance 734-738 

Chinese, breeding possibilities 555-658 

distribution in United States and com- 
mercial use 724-725 

genetics and cytology... 734-736 

groups, description 725-727 

hybrkliiatlon 736-733 

improvement 724-737 

qualities desirable to growers 727-729 

species, chromosomes, numbers 735 

varietal Improvement 729-730 

varieties— 

olassiflcstlon 725-727 

in use by New York Agricultural Experi- 
ment Station, Geneva, N. Y 737 

incompatibility tests 733-734 

sterility types 734 

Chestnut- 

blight, effect on chestnut forests 828 

breeders, list 885 

breeding, present status in. United States. 828,835 

early introductions, developments 829-831 

taybridUaUon, possIbHltlea 831-832 

iminovemeDt 827-835 

varieties, defects and merits 833-835 

Chestnuts, article on, summary 147 

Chickpea- 

improvement, possibilities 1003 

inheritance studies 1014-1015 

Chlna^Bter, breeding, possibilities 626-029 

Chromosomes— 
behavior In— 

second-generation progeny 1422-1432 


CjtxTTn, J. L.: Improvement in Soybeans. 

With W. J. Morse. 1154-1189 

Outanea destata. See Chestnnt. 

Cattle- 

sttoation, efleet of drought 53 

Eee also UvestoA. 


linkage and crossing over 1432-1440 

muUtlon 1440-1441 

newstudiea. 168-iel 

numbers — 

importance In forest-tree breeding 1250-1261 

in dUtetant plants 

in legumes, list 1010-103 

in vegetative tissues ^***7^93 



INDEX 


1483 


Cbromoaomee— Continued, 
numben— oonttnued Pace 

unoaimL ligiiiflcance In apple and pear 

breedfia* #85-589 

Su alta under apeclflo crop. 

eexUnkai*...^ 1438-H40 

aomatlo, number In nut-prodncing species. 


CIlrtM— Continued. ^ 

varieties— P«lo 

crossing with mandarin orange.. 797-798 

value as rootstocks 78S-787 

variety Improvement- 78&-783 

Clark. C. F.: Breeding and Oenetla in 
Potato Improvement. With F. /. Steven- 
son. 406-Mt 

Cloter— 

alslke, chamcterlstics 1203 

annual, commercial unimportance 1908 


chromosomes, numbers 792,815 

introduction by Deportment of Agriculture. 817 

varieties, Introduction 782 

CUnu— 

suranfl/b/la. See Lime. 

breeder, obleotlves 763-7M,785.78>i-7»0 

bree^rs, list ri i-ris 

breeding- 

achievements and possibilities 764-705 

by Department of Agriculture, sum- 

marv 822-823 

materials 758-760 

methods 762-783,795-797 

problems peculiar to 760-762 

results, work of Department of Agncul- 


artkles on, summary 155-156 

breeders, list 1213-1914 

breeding by Department of Agriculture. IIDS, 1913 


technical problems and results Toi-soo 

bad mutations 750, 

770, 778, 783-785. 798. 824-825 
capacity for vitamin production, inherit- 
ance 802-803 

ohromosomes, numbers. 792-793,81.5 

crosses, with other citrus 797-799 

disease resistance. Inheritance 800-802 

diseases 763-764,800-802 

fruit, growing in— 

Hawaii 757 

Philippines 757-7.58 

Puerto BIco 757 

fruits— 

add, improvement 780-782 

article on, summary 144-145 

character and uses 759-760 

early history 752-753 

farm value, 1934-35 7SI 

minor, improvement 782-783 

producing areas in United States 752 

p^uction and value in United States, 


importance In agriciuture 1190 

improtement— 

A. 1. Pieters and E. A. HoUoweU 1190-1914 

by kinds, locations, and workers 1213-1214 

red— 

breeding methods. 1199-1201 

classes and varieties 1192-1193 

cytology 1909 

disease-resistant strains, development 1193- 

1190 

distribution 1190-1191 

fertmiy and pollination relationships. 1 197-1196 

genetics 1206-13* 

hairiness, development... 1191-1192 


self fertility, effect on progeny 1196-1199 

variations 1191 

white- 

breeding investigations 1302-1203 

genetics and cytology 1209 

history 1201 

Improvement 1201-1203 


regional characteristics In United States. 753-758 

genetics 791-794. 7»SH)03 

arandie. See Grapefruit; Pummelo. 

hybridfaatlon 797-806.822-823 

hybrids, obarscter and uses 759-760 

Improvement— 

Hamilton P. Tranb and T. Ralph Robin- 
son 749-625 

at experiment stations 764-785. 

78a 783, 784-785. 803-808 

by bud selection 783-785.796 

in forei^ oountrles - 788-TO O 

trends and problems 700-765 

industry, development in— 


Boutheastem humid region 

southwestern irrigated region <55-W 

inheritance of oharaoters- 799-800 

Umonia. See Lemon. 
fMdiea. See Citron. 

MkUfe var.drUetan. Orange, tangerine. 
ttoNUe var. uiisMit. See Orange, Satsuma. 
pollination technique 

Saw genefa^"".'.’.’.'.'.'.'.'.' 758, m 819-821 

relatlTea, Introduction by 


variations 1202 

varieties and forms, origin 1201-1202 

C'ollards - 

breeding, State and Federal agencies 856 

improved variety, development by State 

and Federal research agencies 843 

research, results 283,289,292 

Commodity Exchange Act, provisions 106-107 

Commodity Exchange Administration, work. 106- 

Cook, Robkbt. A Chronology of Genetics... 1467- 
1477 

Cooperative p.vtension work, discussion by 
Secretary 107-110 

adjustment under Agricultural Adjustment 

Act, discussion by Secretary — lOL 11 

popping quality 396 

article on. summary 131 

breedeia of, work 881, 383-887 

breeding and Improvement in foreign 

oountrles — 372 

breeding for market varieties 389-890 

breeding in United States.. 340,361,371,381-390 
breeding. State and Federal 

canning varieties 382-383 

oarbobydrate percentages for whole ker- 


ecoagtng with trifoliate orange 

tuaoepUbillty to disease ^ 

wiiHirlnr ■rtndiu. buds sold 781 1 


cultivation, googre^lo range 378 

ear obaraoters, Inheritance 302 

early history and varieties..... 

endosperm, ohomlcal oomposltlon 381-893 

genetic studies ???■*!* 

bybrldlxatlon, early work 880-^ 

hybridisation techutaue 886-387 

Improved varieties, development by State 


Inbreedlof, Impoctanoe to cannera... 



1484 


INDEX 


Cora— ContlniMd. Page 

swMt— oontinned. 

paeudostaroby, InTetrtlgatlons 3S1 

qualltiM for market and canning varletlaa. 883 

topmrosslng, value. 887-388 

varieties, strains, and breeding lines, in 
cultures of State and federal research 

agencies 880-363 

Cora-taog income, distribution, discussion by 

Secretwy. 88 

Corvallis, Orw., hop varieties and seedlings, 

physical and^ohemleal analyses 1320 

CbryfM spp. Su Filbert 
Coeta BIca, v^etable breeding and improve- 
ment work 373 

Cotton- 

adjustment under Agricultural Adjustment 

Act, discussion by tiecretary 10, 11 

Tt trade, obstacle, discussion by Secre- 

jb'iosi^ai'discusslon'by Secretary”. 48-10 

varieties, development 88-00 

Cover crop legumes, and miscellaneous forage. 

Roland M^ee and A. J. Pieters OOO-ioai 

Cover cro]^ article on, summary. 180-181 

ConiLC, Fbuduick V — 

death notice 860 

Improving the Wild Blueberry 559-574 

. im^^ent, posslbUltles. 1003-1004 

inherltiuwe studies 1015-1016 

Cranberry bush, American, breeding pos- 
sibilities 518-550 

Cbane, U. L : Nut Breeding. With C. A. 

Reed and M. N Wood - 82 

Credit, agricultural, improvement, discussion 

by Secretary 57-89 

Crop insurance, nature and purpose, discus- 
sion by Secretary **-*7 

Crops— 
leafy- 

improved varieties, development by State 

and Federal research agencies 342-343 

varieties, strains, and breeding lines, in 
cultures of State and Federal research 

agencies 35 

miscellaneous — 

improved varieties, development by State 

and Federal research agencies. 349-350 

strains, varieties, and breeding lines, in 
cultures of State and Federal research 

agencies 362-364 

See MO under specillc kinds. 

Cross-breeding. See under spedQc crop or 
class of livestock. 

Crotalarla, improvement possibilities 1004-1005 

Crucrier hybrids, varieties, strains, and breed- 
ing lines, in cmtures of State and Federal 

Cruelters— 

inbreeding aspects 309-311 

leafy, improvement. Roy Magrader 283-399 

root, improvement pit«ram 301-304 

^ See oUo Brasslcas; and under spedflo kind. 

210-313 

and improvement in foreign countries 372; 

373, 374, 378; 377 

tor disease resistance. 213 

State and Federal agendes.. 358,366,367,368,370 
EngU^ variety, importance in development 

of American varieties 172 

improved varieties, development by State 

and Federal research agendes 347 

inheritance studies 228 

varietal improvement - 210-313 

varieties, strains, and breeding lines, In 
coltarss of State and Federal research 

agendes - . 367,388 

CoeurtUo, breeding and Impcovement In 

foreign ooontries 376 

CucorUts— 

article on, summary 124-128 

ttmwHin 

acUvities of state and Federal agenelee.. 367,3681 


Cnonrbita— Continued. _ 

breeding— continued. Poge 

and improvement. T. W. Whitaker and 

I. O. Jagger 207-231 

responses and pollination teohniqne 306-210 

Improved varieties, development by State 

and Federal research agendes 846-347 

inheritance studies 327-231 

varieties, strains, and breeding lines, in 
cultures of State and Federal research 


CULLINAN, F. F.: Improvement of Stone 


and gooseberries, improvement. Oeorge M. 

Darrow. 834-844 

artlde on, summary 136, 137 


En^isb introd 


relation to white-pine blister rust 836-837 

spedes, distribution 537-838 

systematic breeding 840-844 

Cytology- 

Importance in breeding potatoes 428-434 

of popcorn, similarity to cytology of com. . . 404 

Czedioslovakla— 

frnit-breeding stations 602 


vegetable breMlng and improvement . . . 


. 373-374 


Dahlia, breeding, possibUitles 938-642 

Dairy — 

byproducts, utiUration, discussion by Secre- 
tary - 78-80 

products, prices, 1934-36, discussion by Secre- 
tary 54-88 

Dairy Industry, Bureau of, Investlmtions 78-80 


uaiiis grass, luirouucuou an 
Darkow. Oeorge M.— 

Blackberry end Raspberry Improvement. 496-533 
Improvement of Currants and (looee- 


Some Unusual Opportunities iu Plant 

Breeding. With Guy E. Yerkes 548-868 

Strawberry Improvement 445-493 

Dasbeen. Taro. 

Date, farm value, 1934-35 751 

Dawson, W. M : Heredity In the Dog... 1314-1346 

Daylilies, breeding possibilities 645-647 

Denmark— 

forest-tieo Improvement 1247,1253,1278 

vegetable breeding and improvement 374 

Dewberry, early bIstory and origin 496-497 

DtOTUhtucarf/ophfUui, breeding, possibilities. 932-935 


i^lomotpblo color series 1343 

body characters— 

description 1319-1321 

inheritance, research 1389-1336 

breeders, list 1331-1341 

characters, inheritance, studies by research 

workers 1831-1343 

color Inheritance 1887-1843 


spossibllitU 
present status. . . 
inner! tanoe studl 


mental characteristics and temperament — 1319 

migin and domeetlcation 1816-1818 

' ilogical Inheritance, studies 1317 

S value... 1328-1328 

on, in size and oolor 1318-1316 

^^aEliity, in competition, measnrement... 1331-1336 

article on, summary ...... 161-162 

as term ammals, value 1817-1318 

bunting and henUng, ^d trails 1333-1838 



INDEX 


14te 




1486 


INDEX 


srapeirait varietleg, improvrinent 777-778 J 

lemon Tarletles, Impro'vement 780-781 

lime improTement 781 1 

sweet-orange Tariettee, improvement 704-770 

Florida State Citrus Experiment Station, 

dtniB breeding 805 

Florist trade, bistory and investments 890-801 

Flower- 

breeders, amateuT and professional, work.. 891-884 
breeding— 1 

acbievements and possibilities 922-977 

history 891-808 

methods, scientific, need for. 89 4 -80 8 

study of cells 915-922 

genetics and cytology 915-922 

germ plasm, changing, by artificial methods 

9ia-915 

mutations, occurrence 910-912 

Flowers— 

article on, summary — 149-150 

breeding technique 898-915 

chromosome numbers 910-912,915-922 

faybridiution, methods 008-010 

improvement— 

by breeding. S. L Emsweilcr, Philip 
Bticrly, D. V. Lumaden, F. I.,. Mulford... 

890-098 

through ma-ss selection and line breeding- 907-908 

superior types, producing, methods 9P7 

Food and Drugs Act, enforcement-- 118-114 


772, 779, 787, 792, 7^ 794, 79N 798, 797, 800 
Frost tolerance, development in potato hy- 
Fruit- 
breeding— 

stations in Europe, list 802-404 

work of oxperlment stations. . . . 134-137, 139-145 
crops, subtropical, improvement Ham- 
ilton P. Tranb and T. Ralph Robinson. 749-826 
trees, improvement, breeding possibilities.. 546 
Fruits— 
bush, uniisnal— 

article on, summary 137-138 

breeding possibilities 648-558 

production, 1934-36 56 

solanaccous, inheritance and cytology, stud- 


article on, summary 142-144 

blossoms, bagging after polUnatton — 689-871 

botanical relationships 688-867 

breeding methods 667-872 

characteristics 668-867 

drying and treatment of pits 671 

flower structure 668 

germination of seeds 871-672 

Improvement. P. P. Cullinan 686-748 


miscellaneous, ana cover crop lenuiuev 

Roland Mckee and A. 1 Pieters 999-1031 

ForelRi countries— 

beebreedlng 1408-1409,1418 

bee improvement, workers 1418 

citrus improvement <88-790 

clover breeders, list 1214 

currant and goosebeny breeding 543-544 


peach breeding 686-888 

plum breeding and workers 717 

raspberry breeding 519-520 

red clover improvement 1198-1197 

soybean workers, list 1185 

strawberry — 

breeding and breeders 489-470 

varieties of importance 453-454 

subtropical and tropical fruit breeding .sta- 
tions, work, and workers . . . 812-815 

timothy Improvement 1107,1115 

vegetable breeding and Improvement 371-378 

Foreign trade, in farm products, diM-u.ssion 

by Secretary 27-31 

Forest- 

genetics 1255-1257,1283-1266 

stock, superior germ plasm, selection 1246 


pouination technique 668-671 

subtropical— 

article on, summary 145-147 

brewing stations and workers in United 

States 811-812 

breeding stations in foreign countries, 

workers, and work 813-815 

history 749-751 

of Rutaceae, chromosome numbers 815 

tropical- 

breeding stations and workers in United 

States 811-812 

breeding stations In foreign countries, 

workers, anil work 812-815 

hbtory 749-750 

of Rutaceae, chromosome numbers 815 

vegetative reproduction studies 1450-1456 

Fur- 

animal breeding, research program, recom- 
mendations 1394-1395,1383 


Forestry- 

practices, change In viewpoint 

research, discussion by Secretary. . 


breeding methods 1388-1387 

fanning,devetopment.... I380i 1384-1388 

genetics.. 1380,1390-1394 

red, mutations 1380 

Fox Research Forest, forest-tree improve- 
ment 1276 

Foxes— 

Inheritance studies 1388-1394 

red. erose, and black, genetic relation- 

shipe 1899-1394 

silTer, market requirements 1387-1388 

FroftHa. Strawberry. 


Qenrric crosses, in strawberry, results 480-481 

Genes— 

in soybeans, list 1185-1186 

mntation 1440-1441 

several pairs, inheritance ratios 1427-1428 

sex linkage 1438-1440 

Genetics— 

an^^ plant and animal comparisons. 1441-1449 

possibilities and breeding programs.. 1447-1449 

la-oblcms 1443-1447 

background 1459-1460 

birth, 1760-1900 1460-1464 

chronology— 

Robert Cook 1457-1477 

1694 to recent developments 169-170 

days. 1464-1469 

history 1457-1459 



INDEX 


1487 


breoding apdiMti... 
bnoding DM. 


1409-1411 
.. 316-321 

- 321-322 

- 734-73S 
1206-1211 


breeding oeirots 

breeding cherries 

tneedingolorer 

breeding ducks 

breeding flowers 

breeding forage legumes 1013-1018 

breeding ornamental plants. 

breeding peaches 

breeding peats _ __ _ 

breeding plums 715-717 

breeding potatoes 428-434 

breeding radishes ___ . 316-310 

breeding rutabagas 313-316 

breeding ealad crops 337-330 

breeding soybeans 1180 

breeding strawberries 473-482 

breeding aweetoom 360-302 

breeding turnips 313-316 

forest-tree improvement.. . 125.4-1257.1283-1266 
ixitato Improvement. F J Stevenson and 


citrus, status of research. . 

dog, status of research 

fox, sf--* ' ■- 

milk 


goat, status of research. . 


. 405-444 

... 791-764 
. 1318-1321 
. 1390-1394 
. 1310-13121 


Ooats— Continued. Page 

milk— continued. 

breeders, organizations 1308 

breeding, survey 1294 

breeds In United States 1295-1369 

distribution in United States and 

world 1296-1300 

1316-1312 

germ-plasm survey 1302 

Inmrovement. V. L. Simmons and W. 

. V. Lambert 1294-1318 

Improvement needs 1309-1810 

Improvement.researcli and practices.. 1302-1310 
0**°" wl?’ ^ ® ' P*°“*®*’ *“ Bow«r breeding. 613 


Department of Agriculture. . 

experiment stations 

in foreign countries 

material.. 


Uanatoes, peppers, and emlant, and their 
Improvement. Victor K. Boswell.... 176-203 


second-generation hybrids 1422- 

Qaorgla Agricultural Experiment Station, Ex- 
periment, Oa. , peach and nectarine breeding 

material available TOO 

Oerm plasm- 

flower, changing by artltlelal methods — 613-015 

Booroes for various grasses 1032-1038 

superior, In strawberries 47U-473 

survey, of Angora goats 1287-1288 

survey of milk goats 1302-1303 

Oerm any— 

alfslfabreeding 1149 

blackberry-raspberry by brldization « ork . . . 508 

clover breeders, list I214 

forest-tree Improvement 1253-1278 

fruit-breeding stations 603-004 

grape breeding 651 

soyoean workers, list 1185 

strawberry- 

breeding - 409-470 

varletlea of Importance .. 

vegetable breeding and improvement. . 

OiLLiT, Faux, pioneer In filbert breeding . . 

Olsdlolus,br^ngpo88ibUities 643-945 

OlydiM max. See Boybean. 

Ooat— 

agencies, sponsoring breed improvement. 1285-1288 

as a milk producer 1294-1302 

breeders, future possibilities and needs.. 1308-1310 

superEir germ plasm needs 

work of experiment stations.. . 
crossing with sheep, experiments. 


English introductions, list ""I'! 544 

r^^tont(mbUo-|]lne blister rust 630-637 

systematic breeding work 646-644 

Qoiml. breeding possibilities 661-563 

Orain Futures Act of 1922, amendment 106-107 

Urains— 

toedlng, tor bunt resistance 66-02 

production, 1934-36 S2 

supply, effect o( drought 33 

se^s, shortage, situation, discussion by 

Secretary 39-40 

Granary, normal, purpose of crop Insurance, 

discussion by Secretary 47-48 

Grape- 

blossoms, structure, description 639-640 

breeders, U nlted States, list 655 

breeding- 

achievements and need 663 

■ Investigators conducting work, loos- 


genstlos and fleece studies — - 

fndiuS^in UntteSstatM. 


tlon.. 


^t stations 

In foreign countries 

lent status in United Btatea... 


present statv 
iecholque..- 
developoient 

dtr^producin 


improvement. Elmer 

631-664 

varieties, available for 


breeSlng work 

inheritance studies. - 653-855 

rootstock varieties, available tor breeding 

spwfos,'qudltie3 for breeiiing, Ust 634-686 

varieties. Introduction by- 

Georgia Experiment Station, list 666 

New York State Agricultural Experiment 

Station, ibt 668 

South Dakota Agricultural Experiment 

Station, list 669 

vlnifera— 
development . . 


Improvement 

liidwtry, developnwnt In Puerto Biro. 767 

introduction by Department of Agriculture. 816 
pri^ctW and Tallin United States, 1834. 761 

^ also Citrus frolt; Pummelo 


American native—. . , , 

development and early Improvement., m-m 

parentage and origin, fist SfUS 

arflclo on, summary 14l-i« 

distribution and history Wl-W 

early Improvement in Europe ***■*% 

Suropean, development 646^49 
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bybridlxatlon— 
methods. 


Musoadiiie, developmeot 

native bnnoh, devdopment (H2.445 

Old World, Introdnotlon «3!i-6S3 

Grass- 

hybrids— 

intergenerlc, list 1081-1003 

interspeclflc, nature and chancteristlcs, list. 1088- 


adaptahOity to wet or saline soils 1080 

asgressiveness, regulation by breedlnK.. 1048-1018 

breeders, list 1081-1083 

breeding— 

importanoe 1045-1046 

material available 1055 : 

objectives and results 106I-10SS, 1061-1083 

possibilities and problems loio-ioeo 

selective, in United States and Canada... 1051- 
1055 

stations, foreign location. 1055-1066 

status in United States 1034 : 

United States and Canada 1081-1088 

character inheritance 1074 1 

chromosome numbers 1067-1009,1094-1008 

compatibility, bctor in hybridlutlon lObO I 

defoliaUon. increased growth and vigor after. 1049 i 

disease-resistant strains, production 1048 1 

emasculation, methods and equipment. 1070-1072 1 

flowering habits, description 1062-1004 

teage, climatic adaptation in United 

Sutes 1038-1045 

eenetlca and hybridisation, technique.. 1061-1074 

^egreMof’compatibility 1088 

isolation methods and materials 1073 

prog^ 1056-1060 

{Unique 1069-1073 

improved strains, development by selec- 
tion 1052-1054 

inbreeding effects, relation to self-fertil- 
ity 1064-1067 

investigations 93-83 1 

article on, summary 151-152 

breeding. H. N. VInaU and M A. 

Hein 1032-1102 

native short. Improvement 1044 

nutritive value, importance 1050 


Uay— Pago 

Blblfo, acreage, 1029 1132-1123 

^varieties, improved, distribution 1113-1114 

Hats, Willct M., pioneer in timothy breed- 

' io« H04-U05 

HuiiavnoiB, C., recommendations on forest 

improvement 1264-1265 

Hsiw. M._A.: Breeding Miscellaneous 

Grasses. With H. N. VInaU 1082-1103 

HenttroettlUt app., breeding possibilities 845-947 

Heredity— 

fnndamentala— 

discnsslon 166-167 

tot breeders. E. N. Breasman 1419-1440 

In the dog. W. M. Dawson 1314-1349 

8tt tito Inberitanoo. 

Hlokories— 

article on, summary 148 

hybridisation 854-856 

mlsceUaneous, Improvement 852-656 

Hickory— 

breedm, list 885. 886-887 

breeding, problems and possibilities 855-857 

varieties, improvement 844-856 

Ilieorta pecan. See Pecan. 

Hippeaetrum, breeding, possibilities 022-926 

Hogs, adjustment under Agricultural Adjust- 
ment Act, discussion by Saoetary. 10 

Hollowell, E. a ; Clover Improvement. 

With A. }. Pieters 1190-1214 

HomeEoonomIcs. Bureau of, research work. 102-106 


experiment stations 157 

objectives and progress 1223-1236 

possIbUltles 1217 

problems and peculiarities 1218-1221 

program, possibilities 1233-1238 


varieties— 

and seedlings, physical and chemical 
analyses 1229 


Hopeims, a. D , pioneer in timothy breeding. 1105 

^a^ge and yield, 1935 1217, 1218-1219 

article on, summary 150-157 

brewing requirements, yield, and maturity.. 1218- 


paetore, loogevity studios 1049-1050 

pollination studies 1072-1073 

self-fertility, relation to effect of inbreed- 
ing 1064-1067 

turf, quality, durability, and uniformity. — 1050 
useful in breeding, world development cen- 
ters 1034-1038,1077-1080 

various, germ-plasm sources 1032-1038 

See alto under specific kind. 

Grates, Arthiib H., recommendations on 

forest improvement 1264 

Great Britain, forest-tree improvement 1278 

Great Plains Horticultural Field Station at 

Cheyenne, Wyo., vegetable breeding 123, 174 

GRimtas, Davu>, pioneer in Ifly breeding. . . 851, 
^853,855 

ORiMlf, WINDIUN, pioneer in alfalfo breed- 
ing... 1125,1127,1150 

Groondcherry , breeding activities of State and 

Federal agencies 368 

Gnar, status in United States 1006 


Hart, E. H^ plailiw in dtrus introduction... 753 
Hatch, A. T„ pliaeer in almond breeding.. 856-667 
Hawalt— 

Bxperlment Station, citrus 


diseases of. 1219-1220 

downy mildew- 

prevalence and losses 1219-1220 

records 1232 

history 1215-1218 

bybridiiation work 1221 

improvement— 

experiment stations 1223 

In foreign countries.... 1222-1223,1232,1230-1238 


Insects injurious to 1220 

Introduction by Department of Agricul- 
ture 1231,1224 

pollination work 1334 

quality characters 1230 

seasonal productivity - 1233-1234 

seedlings, soft-resin contents 1336 

use In beer making 1215-1216 

D. O. Sl^ 1315-1241 

experiment statioiis and workers 1240-1241 


important in United States 1221 

yields, 1934-86 1233-1284 

vegetative obaraoter8,ooiistanoy 1234 

Hofsebean, inheritanoe studies. 1017 

Humulut spp. See Hop; Hops, 
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Hybrid»- 

flnt ganmtioii, viRor. 1421-1422 

aeoond iMiMatlon, loharltanoe In 1422-1432 

Importf, competitive, (ivnifloanoe, discussion 

. by Secretary 2»-29 

Income— 


j^C^blts. With tTav. Whitiler 907-281 

! Kybeim workers, list 1186 

! v^taMebreemni and improvement work. 878 

JKMitm, T. J . pioneer in nan breeding 1086- 

, 1088, 1000, 1067, lOOO-lOTH 1074 

, Johnson grass, Introduction and adaptation... 1041- 


slon by Secretary 8-7 

term, relation to baying power, discussion by 

Secretary 3.7 

India, grasses useiul in breeding 1030,1078 

Industrial production, comparislon with agri- 
cultural production 3 

Inb6ritft]io^~*‘ 


Juglam spp. Ste Walnut; WalnuU. 


Kali^ 

breeding, State and Federal agencies 

Improved variety, development by State 


cherries 734-736 

citrus 7«l-704. 790-803 

clover 1208-1211,1213 

cucumber 228 

cucurbits 227-231 

do^. 1318-1349 


^research rnults % 289, 202, 293, 294, 208, 208 

Kkabmiv, T. H , tribute to Dr. Covllle 880 

> KIdneyvetcb, status in United States 1008 

! Kma, 1, E , pioneer in sweetclovor breeding. 1204, 

^ ^ ^ 19 od 

1 Knox, Cbablis W The Breeding of Turkeys. 

WithStanieyJ Marsdea 1380-1388 

I Kohlrabi— 

I breeding and Improvement in foreign coun- 


Pngarta, peculiarities 481-482 

grapes 883-488 

gTassas 1074 

h^nies 1013-1018 

lettuce 338 

milk goats 1303,1310-1312 

muskmelons 228-229 

nut-producing species 879-881 

peach 690-696 

pear Sg.v.'ao. 636-627 

peas 1427-1428 

peppers 200-202 

pl^npea 1018 

plums 718-717 

potatoes 433,434.440-441 

S kin 229-231 

317 

red clover 1208-1209 

rutabagas 314-318 

soybeans Ii8»-iisa 1186 

squash 229-231 

strawberries 470-474,480,481-482 

sweet com... 390-392 

sweetclover - 1210 

tomato 194-197 

turnip - 314 


rmearch work, results 283, 292, 294, 298 

Kudzu-bean, improvement, possibility 1006 

Kumquat— 

chromosomes, number 816 

varieties. Introduction 783 

Lake States Forest Experiment Station, iOrest- 

tree Irtprovement 1286,1270 

Lambibt, W. V.— 

Breeding ProblemswlthAngoraOoats.. 1280-1203 
Improvement of Milk Goats With V L 

Simmons 1394-1313 

Land' — • 

twmre, practices in United States, discussion 


iwtanoe, development in potato hybrids.. ^^18, 

CofftyriM odoratut, breeding, possibilities 974-977 

Lee, a K Duck Breeding 1367-1378 

Legumes— 

articles on, summary 160-181 

breeding possibilities 999-1018 

chromosome numbers, list 1019-1037 

cover crop, and miscellaneous forage Roland 

McKee and A. J. Pieters 999-1031 

genetic studies 1013-1018 

miscellaneous, inheritance studies 1013-1018 


production and testing of apricot hybrids. 748-746 
production and testing of plum hybrids... 730-721 


white clover 1209 

color In boos 1407, 1409-1418 

dominant characters, effects. 1428-1426 

linkage and crossing over 1433-1440 

ratios, modllloatlons 1428-1430 

rati^ progeny with more than one pair of 

1427-1428 

second-genatiuion hybrids 1422-1432 

Beredi^and under specific crop or 

Insect pests, control stadiea 88-67, 69-71 

Insurance, crop. See Crop Insurance. 
Intarmcuntain Forest and Range Experiment 

etatloib forest-tree improvement. - 1269 

Introdiawtona S»* under speclflc crop or 
elsee of livestock. 


production and value in U nited States, 1934. 781 

varieties. Introduction and ImprovemStat.. 780-782 
As siio Citrus fruit 

Lesp^eza, improvement, possibilities 1006-1008 

article on, summary 130, 131 

and Improvement In foreign countries 872, 

374,878,376 

in United States 339-384 

State and Federal agencies 839- 

334,343, 382, 368, 888, 387, 388^ ^ 

history and value 327,839-383 

Importance In United States. 837-884 
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Leuace— Continued. , 

improTed varieUee, development by State 

and federal reaeareh atendee 

Inberltance ttndlei - 838 

ty^jw end adaptation 338-329 | 

description and introduction 329-332 ' 

strains, and breeding lines, in cultures of I 

State and Federal research agencies...' 351, 353 

Lilies, cluomosome numbers 917-918,922 I 

XMium spp., clsssiflcation 951^ 978 

my— 

breeding— 

possIblUtles 9S0-955 

supplementary data 978-983 

hybrids, list.... 978-983 

species, classification 9M, 978 

Lime- 

bud mutations 825 

^E^osomM,^ number....^. 8^ 

industry in Florida.'. 781 

introduction by Department of Agriculture. 818 
production and value in United States, 1931. 751 

See alee Citrus fruit. 

Livestock— 

situation— 


Milk, of goats- 

palatabillty and value 1295 

physiology of secretioa, studies 1301-1302 

properties and uses 1300-1301 

Milkweed, breeding posslbUlties MS 

M Ink farming, experiments 1380 

Minnesota Agricultural Experiment Station, 

X m Introductions 719-720 

leeota. University of, plum varieties of use 

inbreeding 718-719 

Mohair production, statistics, 1920-35 1284 

Morocco- 

apricot breeding 743, 744 


discussion by Secretary 80-8.5 

See eleo Animals; and unrier specific name. 
LmNOSTON, A. W , Introduction of new to- 
mato varieties 123.179-180,181 

Lran^ farm, type of and hnancing, discussion ^ 

Lo^nbei^. sie'Bl'«!kberfy',’L<«pn.' 

Lotus, status in United States 1008-1009 

Louisiana, sweet-orange industry 77S 

Lucerne. Alfalfa. 

Lvu8dbk,D.V : Improvement of Flowers by 
Breeding. tVith 8. L. Emsweller, FblHp 

Brierly, and F. L Mulford 890-998 

Lupine- 

development, objectives 1009-1010 

inheritance studies 1016 

Lupulln, use 1215 

Maoress, L.R — 

Progress in Apple Improvement 575-614 

Progress in Pear Improvement 615-630 

Vegetative Reproduction.. 1460-1456 

Magruoxb, Rot: Improvement in the Leafy 

Cruciferous Vegetables 283-290 

Malaya— 

cltnn Impravement 790 

aubtropltM and tropical frutt-breeding sta- 
tions, workers, and work 812-813 

Manchuria, soybean workers, list 1185 

Maple treee, breeding possibilities M5-546 

Marketing agreements, discussion by Secre- 
tary 61-65 

MAE8DE1L StAHLET J The Breeding of Tur- 
keys. With Charles W. Knox 1350-1.366 

Marten, reproductive cycle 1381-1382 

MatthMa ineana. See Stock, double-flowered. 
McAKDue, Ricbasd E., recommendations on 
forest improvement 1265 


Medieago— 
sellM. Bae Alfalfa. 

spp.. Improvement, possibilities 1003 

M^teneail region, grasses useful In breeding 1^^ 

Metbomla spp.. Improvement, possibilities ' 1000 

MelUatiUBpp- See Sweetclover. 

Melon — 

breeding for resistance to powdery mlldew_ 209, 
218-220 

Honey Dew, iumroved variety, development 
by Stae and FMeral research agencies — 346 

See alKt Cantaloup; Mnskmel on; Water- 


Morbu, Robert Tuttle, pioneer in nut 

breeding 853-854 

Morse, w. J.: Improvement in Soybeans. 

With J. L. Cartter 1164-1189 

Mortgagss,debt,farm,dlscusslonby6eoretary. 58-50 
Mulford, F. L.: Improvement of Flowers by 
Breeding. With 8. L. Emsweller, Philip 

Brierly, and D. V. Lumsden 890-998 

Murson, Thomas Volnet, pioneer in grape 

breeding 637-638 

Muskmelon— 

breeding— 

end improvement, history 213-220 

and improvement in foreign countries. . 372; 376 

for disease resistance 209, 218-220 

States and Federal agencies — 357, 

358,367,368,370 

improved variety, development by State 

end Federal research agencies. 347 

inheritance studies 228-229 

varietal improvement and breeding 214-218 

varlotles, strains, and breeding Ilne.s, in 
cultures of State and Feder^ research 
agencies 355,357,358 


Mutation- 

bud, selection methods of improvement In 

apple breeding 580-581 

importance in potato improvement 409-411 

Napier grass, climatic adaptation. 1042 


varieties oflmportanee to breeders 697-702 

Netherlands— 

redclover breeding 1214 

strawberry varieties of Importance 4M 

New Jersey Agricultural Experiment Station, 

New Brunswick, N. J., peach and nectarine 

breeding material available 700-702 

New Mexico Agricultural Experiment Station, 

milk-goat breeding, reworch 160, 1305-1308 

New South W ales, apricot breeding — 743, 744 

New York Agricultural Experiment Station, 
Geneva, N. Y , cherry varieties in use by... 737 

New York Botanical Garden, forest-tree Im- 
provement 1249,1276-1277 

New York State College of Forestry, forest-tree 

improvement 1276 

New York State Conservation Department, 

forest-tree Improvement 1276 

New York State Experiment Station, Intro- 

dnctton of new pear varieties 628 

New Zealand— 

citma improvement 790 


subtropical and tropical huit-breeding sta- 

tfonaxWorkera, and work 814 

Nolar.W.J.; Bee Breeding 1396-1418 

North Afrlca- 

citms Improvement 789 

subtropfoal and tropical fruit-breeding sta- 

tiona, workers, and work 812 

North America— 

grasses useful In breeding 1087-1038,1078-1080 
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NorthMj^ Foreit Experlmant Btation,^*** 

fonst-trae improvement I2rb-i2n 

N^hera Rooky Moontain Forest and Range 


Norway— 

clover breeding 12U 

strawberry varieties of Importance 454 

vegetable oreeding and improvement. 376 

Nut- 

breeders. in United States, list. »8t-88» 

breeding— 

H. L. Crane, C. A. Reed, and M. N. 

Wood-.— 827-889 

experiment stations _ i47-u9 

fundamentals 87i-wi 

stations in UnitM 'states, fist II — — 88t-886 

varieties of value 886-889 

produotng plants— 

charsoter inberitance fiTo-aai 

fertUixation of ovule and embryo 'deveiop- 
. ment--— — 877-878 


Okra- 

breeding activities of State and Federal 

amndM 366,380 

varieties, strains, and breeding lines, in cul- 4 
tures of State and Federal resiearch agen- 
cies 362 

Olive, bnn value, 1034-3S 731 

Onion- 

breeding— 

and Improvement in foreign countries .. 372,374 

forresistanoetodisease 242-244 

for resistance to thrips 244-245 

forresistant varieties, possibilities 234 

State and Federal a^ncios 305, 386. 367, 360 

commercial vai ietles, introduction 236-237 

cytology and genetics 248-249 

improved varieties, development by State 

and Federal reseaccb agencies 349 

improvement. H. A. Jones 233-250 

origin, culture, and uses 233-235 

premature seeding and freeting injury 247 

varietal adaptation 235-236 

varietal 1mm vement 237-242 

varieties, strains, and breeding line'’, in cul- 
tures of State and Federal researcli agen- 
cies - 362-363 


Orange— Continued. Rage 

trifoliate — continued 

chromosomes, number— gU 

cio^g with Ctfrus and FortunelU 
species 796-7B9 

Oranges— 

growing in Philippines 767-768 

production and value in United States, 1934. 761 

production in Puerto Rico 757 

' Ornamentals, wnetics 983-998 

Oxford Paper Co , forest-tree improvement 1249, 

1262. 1278-1277 

Pacino Northwest Forest Experiment Sta- 
tion, forest-tree Improvement 1244,1273 

Paio Alto, Calif., production and testing of 

1 plum hybrids 720-721 

Para ^raes, climatic adaptation I0t3 

breixficig and Improvement In foreign coun- 
tries 374 

I history and present status 308 

, Parthenogenesis, in strawberry, value to 

breeder 483 

• Pasture, investigations 92^88 

I Pea- 

breeders, work 253-260 

I breeding— 

( and improvement in foreign doantrles 872, 

874,37^S^377 

at experiment stations 25A350 

State and Federal agencies. 269^365,366,308,370 
I characters, heritable, ratios with more than 

, one pair of genes 1427-1428 

disease resistance, genetics of. 272 


crossing with other citrus, results — 797-798 

Improvement 779-780 

Inmoduotlon by J^partmeat of Agricul- 


gardeo, English varieties, superiority 171, 172 

genetics, research 268-273 

grass, status in U nited States 1008 

improved varieties, development by State 

and Federal research agencies 344 

improvement work 251-260 

Progress, description and value. 252, 264 

varieties— 

ami strains, in cnltures of State and Fed- 
eral research agencies 353 

and strains, new, origin and evaluation. 258-360 
current, characteristics and origin. ... 254-257 

for canning 255-257 

misnaming 265 

older, origin 253-264 

See also Peas 

blossoms, bagging precautions 670 

breeders, private, and varieties originated 

by 878-681 

breeding— 

and breeders in United States end 

Canada - — - 696<97 

at experiment stations 681-685 

In foreign countries 686-688 

In United States 678-688 

material available 697-TO 

objectives 688-690 

characters. Inheritance - 690-696 

chromoeome numbers 696 


ebromoaomes, number .... 

Introduction by Department of Agricul- 


vaiiety Improvemi 
so^^bt^uction b 


by 'Pepeir^nt of AgrteuI-^^^^ 


varieties, qualities *7»-52Z 

distribution - - OT8 

early history 673-6W 

Elberta, origin and development 666 

flower structure. ... - «« 

genetics, contributions to - 690-696 

growing commercially, cRect on 

hybridtaatlon...'.'! - 

introduction and Improvement 67S-7ra 

pollen sterility, freqnenor 6M-«J6 

race groups and description — 

varietal improvement 680-887, 688-a» 

^^^ommerolal. In United States -. 676-677 

development and Introduction by pubUo 
liutltutloDS - “ 
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improfveinent by breeding, objectives. . . 688-660 

of linportanoe to breeders 697-702 

of oae to breeders. 676-681 

Peuhee— 

article on, stnnmary 

commercutl production 

dried, commercial production 

Peanut- 
breeding— 

and improvement in foreign countries. 

State and Federai agencies » 

improved variety, development by State 

and Federal research agencies 346 

Improvement, possibilities • — 

varieties, strams, and breeding lines, in cul- 
tuieaofStateandFederalrescarcbagencIes. 363 
Pear- 

blight, menace to eastern pear growing... 616-617 

breeders, list. 

breeding— 

at eyierlment stations 620-623,628 

by Department of Agriculture... 623-624 

material, availabUlty 619-620,629-630 

objectives. 618-619 

present status In United States 620-625 

chromosome numbeu 685-589,626-627 

cytology and genetics — 626-627 

early history 615-616 

growing in North America, development.. 616-625 

hybridimtion technique 581-591 

improvement, progress, J. R. Magness. . 615-638 

seeds, handling for hybridisation 583-585 

tree and fruit, character inheritance 691-592 

varieties— 

introduction by New York (State) Experi- 
ment Station 

introduction from China and Russia 

leading, list 62. 

Pears, article on, summary 140-141 

Peas— 

and beans, breeding and improvement. B. 

L. Wade 251- ..- 

article on, summary 127,128 

classification by use 

freexlng and canning 252 

history 

world production 261- 

See alto Pea. 

breeders, list 885, 887-888 

breeding- 

bistory in United Btaies 

problems 

status and alms 

Improvement 845-852 

Pecans, article on, summary 148 

Pepper- 

breeding, State and Federal agencies. 365,366,367 
Improved varieties, development by State 

and Federal research agencies 349 

Improvement in United States 188-192 

Inheritance studies 200-202 

varieties— 

description 189-192 

intro^ctioa and breeding 163-194 

variety, strain, and breeding lines, in cul- 
tures of State and Federal research agencies 354 

^arSSa on, summary 124 

history and value - 187-188 

Improvement and genetics. Victor R. Bos- 

wen 187-192,200-202 

PUieotu*— 

croeaing technique and interspecific hybrid- 
ization - 276 

jMnetioihctors 273-275 

Dnkage and eulogy 276-277 

lutuUut. Ste Beans, lima. 

Abr «4n Bean; Beans. 

PbiUppine Iilftnds^ 

dtnfilndustry 757-758 

ny la citrus 794 

.JS4. au Timothy. 

to Oroundchetry. I 


Page 

PiETUia, A. J.- 

Clover Improvement. With E. A. Hollo- 

well 1190-1214 

MlsceUaneous Forage and Cover Crop L«- 

gnmee. With R^and McKee 990-1031 

Pigeonpear- 

inhentaace studies 1018 

introduction and improvement 1010 

Pfmisspp., seed origin studies.. 1244-1246,1267-1279 
Pirm, Chablxs Vancouveb, pioneer in soy- 
bean breeding 1155 

PIstache, development, possibility 869-870 

PUum— 

OTHfut, Improvement, possibilities 1005 

genetic factors 269-272 

history 251 

linkage and cytology 272-273 

Ste alto Pea, Peas. 

Plant- 

breeding, some unusual opportunities. 
Qeorge M. Darrow and Ouy E. Yerkes.. 645-658 

cells, fertlllration, process 1419-1420, 1431-1422 

pests, pontrol studies 67-69 

research, discussion by Secretary 88-94 

tissues, chromosome studies 1451-1453 

Plant Industry, Bureau of— 

Division of Plant Exploration and Intro- 
duction, Introduction of disease-resistant 

potato varieties 418,426 

Division of Plant Exploration and Introduc- 
tion, vegetable-breedingprograms. 175 

forest-tree hybridization 1266-1267 

research work 88-94 

Plants— 

characters, second-generation combinations. 1424- 
1425 

dominant characters, inheritance 1425-1426 

double-flowering, chromosome numbers, un- 
usual, significance 919-922 

genetic analysis, comparison with animal 

genetics 1441-1449 

ornamentals, genetics 983-998 

segregation ratios 1424-1425 

Plum- 

breeders, private, and varieties originated 

by 709-711 

breeding— 

in Canada 715 

material available at California Anicul- 
tural Experiment Station, Davis, Cmif. 721-724 

matenal for commercial varieties 703-708 

methods 709 

objectives.. 709 

State end Federal stations 711-715 

varieties in use at Uni varsity of Minnesota. 718-719 

work and workers in United States and for- 
eign countries 717 

characters of Interest to breeder 715-716 

ebromosomes, numbers 716-717 

early history 703 

genetics and cytology 715-717 

hybridization progress 719-715 

hybrids, production and testing in coopera- 
tive breeding investigations, Palo Alto, 

Calir 720-721 

Improvement 703-724 

Introduction into North America 703 

species commercially important in America. 703- 

sterillty, genetic explanation 710 

varletios— 

incompatibility tests 716 

intioductlon by Minnesota Agricultural 

Experiment Station 719-720 

introduction by New York Agricultural 

Experiment Station 713 

Plums— 

article on, summary 143-143 

commercial production 665 

Pollen, handling for pear and apple bybridlza- 

tion 583 

Pollination— 

control, importance in nut breeding. 871-875 

self, fidluie In blueberry improvement ex- 



INDEX 


1493 


Polyploidy, Importanoe In fontt-treo breeding. WMh 
8w Orange, Irlfoltate. 

ImproTement of Sweet Corn gTO-mt 

Improvinf the Root Vegetables ”II 300-325 

artlole on, nimniary ui-igg 

Arthur M. Branson 385-104 

for resistance to diseases and insects ... 403-104 

methods and results 307-404 

oonunereial vartetles xgg 

distribution, varieties, and desirable quail- 

ties 395.307 

ear tests and fhctoie aflectlng 387-388 

early history 385 

genetics and cytology, similarity to condi- 


Ptogeny— Page 

S2aa!S£Eii--;:;:;;:;;;;; ISiiS 


^nes, dried, commercial productionri 


domettin. See Plum; Prune 
pertica. See Peach. 
5»eudostarchy, occurrence In s 
Public Reads, Bureau of, worl 


hybridisation. '.'399-403 


Inbreeding rMufts 402-403 1 

production 395,390 

synthetio varieties, production 403 

Potato- 

botanical relationships 400-107 

breeders, early, and varieties originated 438 

breeding— 1 

cooperative work, organisation 414-410 

for disease resistance 4to-427 , 

methods, advantages and llmltatioas. . . 428-430 ' 

methods, genetics, and cytology 428-434 , 

program In United States 413-427,439 ' 

recent results 417-418 , 

changes due to mutation 409-411 

characters, genetic behavior, and investiga- 
tors and reterenoa numbers 434,440-142 

Chromosomes, numbers 433, 442-443 

crasg-polUnation technique 412-413 

disease-resistant varietlss, rllstrlhuiian t"~ 


introduction by Department of Agriculture. 810 

varieties. Introduction Tgj 

See alio Qiapefruit 
Pumpkin— 

breMlng and Improvement- 

in loreign countries 372 

investigations '224-227 

inheritance studies 229-231 

varietal improvement I!" 225-227 

Purchase power, relation to farm income, dis- 
cussion by Secretary 3-7 


Qninces, oriental, breeding po^biUt'iMl"" 653-555 


control 400,408-409 

lessee emd problem 400 

early history 405-100 

early Improvement in quality and yield.. 407-408 

flower, morpbology and polllnailon . . ill 

genetlo studiee 433 

hybrids, resistance to late blight and toler- 
ance to frost 418,410-421 

Improvement— 

breeding and genetics in F Ji Steven- 
son and O. ^ Clark... 405-144 

by asexual reproduction 409-411 

by clonal scleotlon 417 

by eexual reproduction 4>1-413 

inbreeding and recombination of selfed lines. 417 
Inti^uction into Europe and North Amer- 
ica 405-400 

late blight, varieties resistant to 418.419-121 

lines and progenies of superior genetic char- 

acters 439-440 

rsproduotlon methods.. 409-413 


causal organism and losses to grower 409 

varieties rwlstant to — 421-434 

species— 

characters of breeding value 443-444 

chromosome numbers 433,442-443 

sterility, handicap to breeders 430-433 

M1806DtlDUltSr tO~ 

late blight. - 400,408-409 

TlmsdJwsm - 408 

available, of value to breeden — 4M-439 

resistant to late blight - 

n^tftntto0Mb - - 421-424 

vims dlseasee, varleUes resistant to 

Potatoes, artlole on, summary 132-133 

Poult^’lndustry, situation, discussion by 

Prairie gtas^ iinpirtiiwe'nt.. iiaiott 

Prlmroee, ehromoaome numbers 9^19 

PmiTCRAaD, P, J., tomato breeding 183-180 


RaspbCTry— 

and blackberry Improvement George M. 

Darrow 490-531 

berries related to 611 

black — 

characteristics In America end Europe.. 510-611 

early history 510 

breeders, list 627-628,630 

breeding— 

at experiment statioDS. . 511-513, 514-519, 527--528 

by Depertment 619 

by private agencies 630 

In fcrelgn countries 510-520 

objectives. 627-628 

chromosome nnmbers. 632-633 

colors, varied, description 613-514 

crossing, technique 622-623 

early history anil orlcin 609-510 

everbearing, or fall-hulting habit, descrip- 
tion 621-522 

fruit characters, superiority 631-632 

generic crosses, fruitleesness 621 

fntinduction gnd improvement 609-523 

plant characters, superiority 631 

qualities of value to briers 511-513 

breeding possibilities 497 

chararterbUos in America and Europe.. 610-511 

early history..— 509-510 

species, improvement possibilities 511-513 

superior qualities- 


wild black, source of cultivated black varie- 
ties *1® 

wlldred, source of cultivated red varieties.. 510 

jRaspbei^-blackberry hybrids— 

ohaiacteristiia 604 

growing in England and Germany TO 

value - - WW>i7 

Real estate, farm, situation, discussion by 
Secretary 



1494 


INDEX 


Face 

RaMOner Bros . Introduction of cltnu fruit. 778, 782 

Redtop, ellmattc adapution lOM-lMl 

Ricd, C. a.: Nut Rreedins. Witb H. L. 

Crane and M. N. Wood 82 

Read canary jrass, cUmatie adaption I04S 

Rumm, F. r., pioneer in pear breeding «23 


agrtenltnrai, provisions under Bankhead- 

Jones Act 85 

proJect^ cooperative, discussion by Secre* 

tary 110-113 

Resettlement Administration, land-utilization 

program 22,23,21,28-20 

Resin contents, of hops 


activities of State and Federal agencies. . . — . 

and improvement in foreign countries. . 372, 375 
varieties, strains, and breeding lines, in cul- 
tures of State and Federal researoh 


tropical Wult Crops: Citrus. With Hamil- 
ton P. Traub 749-825 

Rocky Mountain Forest and Range Experi- 
ment Station, forest-tree improvement 1247. 

1253, 1265, 1273-1274 

Rootas, Edward SiAmrORD, pioneer In grape 

breeding 

Root vegetables. Ste Vegetables, root. 

Rosa, J. T , breeding of cucurbits 218-219 

Rose, breeding possibilities 95P-"« 

Roses, developed by Walter Van Fleet, list.. 

Ruitir, chromosome numbers 53 

RVDOir, Fattl O , recommendations on forest 

improvement 

Rus^ See Union of Soviet .Socialist Kepub- 


id improvement 302-308 

e number 302; 308 

genetic studies 313-316 

X turnip hybrids, genetic studies 315-316 


ibers of subtropical and 


tropical ftruit species and varieties.. 


genetics 

unprovement problems 


Salsify, history and present status 308 

Saundrbs, WtLUAU, introduction and propa- 
gation of Washington Navel orange 771 

Scab, potato varietira resistant to. 421-424 

ScHRnitER, Ernst J.: Improvement of Forest 


strawberry varieties of importance.. 


vmtal 

Seca origin, studies of species, varieties, races, 

and strains 1244-1244 1254-1256; 1267-1279 

Sertadella, status in United States lOlO 

Sesbanfa, status In United States 1011 

Ibsddock, introduction by Department of 


Anicult 
Stainot^ 

breeding. State and Federal agenclra.... .. 366 

impMved varieties, development by State 


h goat, e 


Page 

1 1289 

sitnation, eilect of dronght 54 

SiMMONA V. L.: Improvement of Milk Ooats. 

With W. V. Lambwt 1294-1313 

Shitb, D. C.: Varietal Improvement In 

Hope 1215-1241 

Snapdragon, breeding, ptnslbilities 965-969 

Sntdir, Elnrb: Drape Development and 

Improvement- 661-664 

^snuu. iSee Soybean. 

chemistry and physics, research work 75-77 

conservation- 

associations, projects 21-22 

program, discussion by Secretary 14-22 

depletion in South, discussion by Secretary. 13-14 
erosion. See Erosion, soil. 

losses from floods and dust storms 19-20 

Soil Conservation Act of 1935, authorization 

for research and demonstration 12-13 

Soil Conservation and Domestic Allotment 

Act, provisions and policies 10,11-12 

Solanum tuberoium. See Poiato. 

~Buth Africa, subtropical and tropical fruit- 

breeding stations, workers, and work . 813 . 

South America— 

citrus Improvement... 788 

grasses useful in breeding 1037, 1078 

subtropical and tropical fruit-breeding sta- 
tions, workers, and work 814-815 

Southern Forest Experiment Station, forest- 

tree Improvement 1252-1253,1274-1275 

Sonthwestern Forest and Range Experiment 

Station, forest-tree Improvement 1275 

oybean— 

acreage, 1935 1166 

breeders, list 1184-1185 

breeding methods 1164-1169 

characters, linkage 1186 

chromosomes and genes, Identification 1180 

classification by seed characters 1175 

crossing, natural and artificial 1165-1167 

development, possibilities 1156 

disease resistance 1179 

distribution 1156-1157 

genes, list 1185-1186 

genetics 1180 

history 1154-1156 

hybrid vigor 1169 

improvement. W J. Morse and J L 

Cartter 1154-1189 

Inheritance and cytology 1169-1180 

mutations 1168 

oil, prodnctlon — 11.59-1160 

plant characters, inheritance 1169-1174 

pollination technique 1167 

products, commercial uses. 1160 

seed characters— 

by varieties 1187-1189 

inbeiitanco.- 1175-1179 

utilization 1159-1160 

varietal- 

adaptation 1164 

improvement 1161-1163 

varieties, origin and characteristics 1187-1189 

workers, list 1184-1185 

world production 1166-1157 

^beans, article on, summary 154-155 

breeding— 

and Improvement in foreign countries — 377 

State and Federal agencies 865, 366, 369 

improved varieties, development by State 
and Federal research agencies 342,343 

^Mdlng— 

and improvement in forelgD countries 372 

and improvement investigations 224-227 

State and Federal agencies 847, 

858,365,366,368,360 

bush, improved variety, development by 
State and Federal research agencies 346 



INDEX 


1495 


Varietal improvement 

vwietlee, eWns, and breeding llnSri'n cnl- 
hum of State and Federal reeearch amn- 

Standards, FMmI, um and ImprovemM?^' 
Stxvcnsok, F. J.: Breeding and Oenetics in 
Potato Improvement. With C. F. Clark 405-444 
SHtoloUum app. See Velvetbeun. ' ' 

Stock— 

double-flowered, breeding, possibilities... oee-OTS 
double-flowered, chromosome numbers, un- 
usual, significance ei0.-022 

Strawberries, article on, summary 133-134 

Strawbe^— 

breeders— 

in United States 4fi.3, 400-491 

private, and varieties originated by. 4fl.3. 400-493 
breeding— 

at experiment stations. 4<3, 404, 405-460, 486-480 

by Department of Agrlcnlture 440 

for Improved varieties 405-470 

for superior qualities 470-473, 487-180 

in United States 401-400 

SISiSfc::::::::::::::::.::::::::: : 

technique 457-401 

bud selection, lnfrM|uenc\ of sports 482 

ohromosomes— 

numbers 472:473-480 

variability 478-470 

commercial development 445-440 

distribution 445-440 

early history 440-451 

everbearing variety, description 454 

flowar, types, description 455-467 

generic crosses, results 480-481 

genetics and onolojty 473-482 

germ idasm, superiority, inherit-mre . . 470-473 

growltig from seed 451-455 

hybrMbatlon— 

methods 457-400 

work 44 

hybrids, crossing between chromosome 

groups 479-480 

Improvement— 

Qeorge M. Darrow 44 

early eflorts 440-451 

inheritance In— 

peoullarltlea 481-182 

species with seven pairs of chromosomes . 
parthenogenesis, value to breeder... .. 
perfect-flowered varletie.s, partial sterilltx . 4.'i6-457 

pollination methods — 4.57-160 

qualities, auperlor, sources . 404-495 

seedlings, seCrtion 400401 

species, of world 474-478 

American and European, origin. . . . 450-451 

Important, in foreign countries.. .. — 463-454 

important, in United States 461-453 

originated by private breeders. 403,400-492 

wild, seleouon, by Indians 447 

StusTgVANT, aRAC«,ploneorinlrl3 breeding. 948^9 

Sudan grass, climatic adaptation - 1045 

Sugar beets, polUnatloa technique < 

Sulla, statue, United States and foreign coun- 

Sim^'ry of artYdie. ’ Oove Hambldgc i 19^170 

Surpluses, removal under marketlng-agree- 

^launTbreeders, list - 

clover breeders, list... - 

bult-bteedlng stations — - 

tlmothy-bteedlng pro)^s 

vegrtable breeding and improvement work 377 

SwMtm breeding, possibilities 9744W7 

Sweetonver— 
bteedlnf— 


Sw^clover— Continued. P*»e 

characteristics end distribution 1308-1304 

laSSPbrtddiiiii;;:;;;;;:;;;:-; 

pollination and fertility 1307-1308 

varieties, history.. 1304-1306 

Sweetpotato— 

breediM— 

a^ Improvement In foreign countries.. 373 

State and Federal agencies 850, 

. ^ 364,30^ 360:368,300,371 

improt^ varieties, development by State 

agencies 350 

varieties, strains, end breeding lines, in oiil- 
tores of State and Federal research agen- 

Switlfriand- 

forest-tree Improvement 1270 

red-clover breeding 1214 

Tabes, O. L_, introduction of citrus fruit.. 782,785 


by Secretary 

Taro- 

history and introduction of new varieties. 307-308 

pollination technique 311-313 

Tasmanla,8trawberry varieties of importance. 454 
Taxes, farm real estate, situation, disonssionhy 


Valley Authority, forest4ree Im- 
provement 1361-1252,1276 

Terriers, color, weight, and uses, list 1347-1348 


^ . 806-808 

ipnii uieeding ... 1386-1388 

grapefruit varieties, improvement 778-770 

sweet4>raoge varieties, improvement 774-775 

TuoNreoN, Rosa C ; Improvement of Salad 

Crops 820-339 

Thrift control by breeding resistant onion 

strains 244-245 

TImotb)— 


article on, summarj . . 


cross pollination 

iuiiMrovement— 

Morgan \V. Evans... 
at experiment slation^ 


1107-1116 

1120-1131 

1114-1116 

1100-1111 

1103-1104 


1103-1131 

1105-1108, 

1114-1116, n20-im 
by Department of Agriculture 1105,1106 

in foreign countries 1107, 1116 

introduction and adaptation... 1080-1040 

leafy-pasture varieties, development — 1103-1100 

qualities, value of single-plant selections 1110 

rust-resistant strains, selection 1107-1108 

V ariatlons, basis for improvement 1100 

varietal Improvement 1107-1108, 1111, 1113 

varieties— 

development 1109-1111 

improved, description 1111-1113 

introduction 1118-1119 


^Justment under Agricultural Adjustment 

Act, discussion by Secretary... 10 

situation, 1923-30, discussion by Secretary.. 66-56 
Tobacco Inspection Act, provisions 00 


^^Mid Improvement In foreign counttiw^-^- . ^ ^W^ 

State and Federal agenelas.. 183-187,348,366, 
3& 308, 387, 808, 809, 3m 871 

chromosome behavior studies — JJZ-JS 

eulogy, stndte 

Kbtory and value 170-177 



1496 


INDEX 


Tomato— Contlnaed. J 

Improved varieties, development by State 

and Federal research wncies 344-3M 

Improvement in United States, 1850-1910.. 178-181 

Inberitanoe studies 104-197 

Stone, introduction 180 

Trophy, introduction 179 

varletm adaptation, review 17" 

varieties— 

nown in Europe 171-172 

introduced by public agencies 182-187 

private introductions, 1910-36 — 181-182 

strains, and breeding lines, in cultures of 

State and Federal research agencies 354-865 

Tomatoes— 

article on, summary 123-124 

Improvement and genetics. Victor R 

Boswell- 176-187,194-200 

Top-crossing, value in breeding sweet corn.. 387-388 
Trade- 

agreements, reciprocal, discussion by Secre- 
tary. 29-30 

foreign, in farm products, discussion by 

Secretary 27-31 

Tbaub, Hamilton P • Improvement of Sub- 
tropic ftult Crops; Citrus With T 
Ralph Robinson 740-8-25 

breeding- 

early work 

need for and outlook 

recent BccomplishmenU 1249-1253 

progeny, individual, tests.... 1246-1248,1254-1256, 
1267, 1268-1270, 1274 

Trees— 

article on, summary 158-150 

breeders-. 1264-1266 

breeding in Europe.... 1244,1247,1253,1277-1279 
breeding, need of developing technkjue... 1262- 
1263 

breeding, time element 1259-1260 

characters 1254-1255 

chromosome numbers 1260-1261 

timdamental investigations 1263-1266 

bybriditatlon 1248- 

1253, 1256-1257, 1266-1257, 1266, 1274, 1275-1278 
improvement. Ernst J. Schreiner — 1242-1279 

improvement bibliography 1266 

improvement phases 1244 

improvement problem, approach... . 1254-1263 

mass selection 1256-1258 

mutations. 1260-1261 

pedigm breeding within and between 

varieties, species, and genera . 1258-1259 

pollination control, technique 1255-1266 

vegetative propagation . 1253- 

1254, 1261-1262, 1275 

hybrids, natural, list 1248 

Improvement, through selective breeding 

and hybridation... 1256- 

1257, 1266-1287, 1289, 1274, 1275-1278 
'n'lfolium spp. See Clover. 

2Yop«olun> spp., breeding, possibilities .... 955-958 
Truck crops, production, ellect of drought, 
1934-36 58 

'^rradm, list - 885 

development. 870 

^^blMfhMd disease of, control . 1351,1353-1354 

by experiment stations 162, 163 

needs!?. — - 1350-1382 

past work - 1359 

relation to market trends 1859-1361 

research 1361-1365 

Bronxe, egg quality studies 1363-1364 

domestic, American varieties, description .. 

1356-1858 

industry, development, problems 1350 

wild. North American, description 1358-1356 

six standard varieties, weight and 

color. 1388 

article on. summary 162-163 


Turkeys-Continued. P^ge 

breeding. Stanley }. Mareden and Charlee 

W. Knox 1350-1368 

modem, relation to wild ancestors 1354-1359 

outbred, egg quality studies 1365 

Turnip— 

breeding and Improvement 302-303 

Bruce, varietal resistance to clubroot 303 

chromosome number 302,303 

genetic studies 313-316 

TumipXrutabaga hybrids, genetic studies.. 815-316 
Tvsdal, H. M • AlfUfa Improvement. With 
H. L. Waetover 1122-1153 

Union of South Africa, vegetable breeding and 

Improvement 378 

Union of Soviet Socialist Republics— 

fruit-breeding stations 604 

grape-breeding investigations 652-653 

red-clover breeding 1214 

vegetable breeding end improvement 378 

United States— 
alfalfa- 

breeders, list 1127,1149 

varietal Improvement, summary 1150-1151 

apple breeding 592-600,604-614 

aprioot breeding and workers 744, 

bee breading 1402-1408,1417 

cherry breeding and workers 730-733, no 

clover breeders, list 1213 

forest-tree breeding 1286-1277 

grass breeding 1051-1055. 1081-1087 

nut-bieedlng stations, list 884-886 

peach breeding 678-686.606-697 

peach varieties grown commercially 676-677 

plum breeding and workers 711-714, 717 

red-clover Improvement 1193-1196 

soybean workers, list 1184-1185 

strawberry- 

breeding 461-469 

varieties ol importance 461-453 

subtropical and tropical fruit-breeding sta- 
tions and workers 811-812 

timothy-breeding projects 1120 

vegetable breeding 365-371 

United States Horticultural Station, BelLs- 
ville, Md , peach and nectarine breeding 

material available 697-698 

United States Regional Vegetable Breeding 
Laboratory, work 123, 174 

Van Flxbt, Walteb, pioneer in rose breed- 
ing 961-962 

Vegetable- 

breeding laboratory, provisions under Jones- 

BankbeadAct 123,174 

crop breeding end improvement, introduc- 
tion. Victor R. Boswell 171-176 

crops— 

articles on, summary 122-123 

Improved varieties and strains, develop- 
ment by State and Federal research 

agencies 841-351 

improvement, appendix. Victor R. Bos- 
well - 340-378 

Improvement, new influences aRectlng... 174-175 

oyster, history and present status 308 

strains, varieties, and breeding lines, in cul- 
tures of State and Federal research agen- 
cies - 850-364 

varietal improvement agencies, work 173-174 

Vegetables— 

breeding- 

end Improvement in foreign countries.. 871-378 
State and Federal agencies in United 

States 365-371 

foreign varieties, adoption in United 

States 171-173 

leafy cruciforons, improvement. Roy Ma- 

gmder 283-299 

pmuction, ellect of drought 56 

article on, summery 129-130 

breeding aspeiAs 808-313 

genetic stu^ 813-823 







Indian Agricultural Research Institute 
LIBRARY 

NEW DELHI- 12 


This book can be issued on or after 


Return Date 


Return Dace 


Return Date 


Return Dat« 



